6 Decenber 2006  APPARATUS AND PROCESS FOR BULK VET ETCH W TH pecember 2006
LEAKAGE PROTECTION FIELD OF THE | NVENTI ON The invention relates to

the general field of mcroelectronics with particular reference to

form ng thin nmenbranes using corrosive etches. C BACKGROUND OF THE

| NVENTHON-CONFHBENTHAL-Refer+rg—row-toH-G—t—butk—-wet—etehi-ng—ts—a————

~commonly used process for creating a th n nenbrane (such as 14) or

t hrough-holes in silicon wafer 11 by using a hot al kaline etchant

13, such as KOH, TMAH (tetramet hyl amoni um hydroxi de), EDP (ethyl ene
di am ne pyrocatechol), etc. In this process, the wafer front side,
where various devices and/or circuits 17 are |ocated, nust be
isolated fromany contact with the etchant However, due to
non-uni-formmty of etching and/ or defects of the backside etching mask
12, it is not unusual, when the etching process is close to its end,
for the etchapt_to Ieak t hrough perforations in the wafer (such as
15) to attack™M¥d-3%2nt side (see 16). There is,. therefore, a need

in the bul k t to be able.to ensure not only etching
uniformty b%? Eéﬁ}éﬁb%&i&é ORESSPR BWLK WET BT QbeWdTitl e EARAGE PROTECTION

FIiELD OF THE INVENTION

{f)

The invention relates to the general field of microelectronics with particular

- reference to forming thin membranes using corrosive etches.
£
e '

P

BACKGROUND OF THE INVENTION

CONFIDENTIAL

Referring now to FIG. 1, bulk wet etching is a commonly used prbcess for creating

a th-n membrane (such as 14) or through-holes in silicon wafer. 11 by using a hot alkaline ‘
etciant 18, such as KOH, TMAH (tetramethyl ammonium hydroxide), EDP (ethylene
éj diamine pyrocatechol), ete, In this procéss, the wafer front side, where various devices
and/or circuits 17 are located, must be isolated from any contact with the etchant.
Hov-ever, dus to non-uniformity of etching andlor' defects of the backside etching mask 12,
it is not unusual, when the etching process is close to its end, for the etchant to feak
through perforations in the wafer (sucﬁ as 15) to attack the front side (see 16). There i is,

therefore, g need in the bulk wet etching art to be able to ensure not only etching

umt-:rrnﬂy but also leakage protection.



| MEO1-012 A nunber of methods and apparatuses have been inverd ebddiber 2006
I mpl ement wet etching of silicon wafers, including those that

I ncorporate various etch stop nechanisns, but little attention has
been paid to the protection of wafers in case of |eakage. Two

ty

| eakage are | eakage detection and front side coating with etch
resistant materials. 0 Leakage detection. This nethod uses el ectrodes
or sensors'to detect the presence of any al kaline etchant on the
waf er front side. Once a leak is detected, the etching process is

| medi atel y aborted. However, in practice, it is found that |eaks

. start fromtiny pin holes and gradually spread over the wafer front
side through capillary action and surface tension forces. It is
often too late by the tinme a sufficient amount of | eakage has _
occurred tq § gﬁ%ected. This has resulted in the | oss/scrapping of a
nunber of wa ? production lines. In addi-tion, aborting the

oper at Tonal i Ty of Fefloded B A5ogr SR Povs b buSlesieinmmrertunel
t.he wafer front side is coated

Fron = Oy . O e e
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Typi cal " coat | ng naterials are
h I w th devi sing or th
PheS abvi b e RohlidlesHd frel UL Mthaltd dircked B abhe ieak%s?aredeé%se
room For R¥08h Srd &t Ve é&%ﬂﬁfwﬁh etch resistant materials.

O

6\ Leakage detection. This method uses electrodes or sensors to detect the presence

of zny alkaline etchant on the wafer front side. Once a leak is detected, the etching

procass is Ii'nmediately aborted. However, in practice, it is found that leaks start from tiny

pin holes and gradually spread cwe-r the wafer front side through capillary action and
surface tension forces. It is often too late by the time a sufficient amount of .leakage' has
occurred to be detected. This has resulted in the loss/scrapping of a number ef wafers in

D production lines. in addition, aborting the etching process each timee leakage detector

O Is triggered can bring operational dlfﬁcultles and risks Ef [\]Hﬁf—_e]rﬁareaka ge.
o | ENTIAL

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 ueing an
aprropriate solvent. Typical coating materials are wax-based but some wax-based
matarials have properties that are incompatible with device processnng or with the dewces
themselves and are therefore not permitted in a clean room. For exampte, methyl benzene

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



the solvent for renoval of black wax, may not be used in noStg pecember 2006
countries because it is 2 6 Decenber 2006 |MEO -012 hazardous to
human heal th. Additional disadvantages reside in their cunbersone

coating and renoval processing. Furthernore, the coverage provided
by i ' Hhe—wat-er—f+roent—si-de——

I s non-planar, containing stepped |layers of different heights. In

t hese cases, the | eaked etchant can still spread out and attack the
devi ces covered by the wax coating through undercutting. O A routine
search of the prior art was perforned with the follow ng references
of interest being found: In US 5,879,572, Folsomet al. show a bul k
wet etch nethod while US 5,338,416 (Mcak at al.) shows a rel ated
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

si de of '-t_he%,!e@ I's nmonitored and used to term nate etching once
etch throug ‘U2 hol es t hrough the 0 wafer has been achi eved. By

gg‘; Ie n : 'ﬁ] ! ?Ega%?dgé ﬁ@ﬁﬁa\%@}#ﬁ%ﬁﬁ%‘é%@gt ﬁggéveq\a{;%teﬁ Séq?qg,ﬁa %?rgcgugmgsimw:tfoating
ConF penm 2 EnteElhratteh & RRSRIGe ihe covisadamaviged b hestacpatng Bnty
and provi dgs MAREQERE IR #lCuater front side is non-planar, containing stepped layers of
j different hgights. In these cases, the leaked etchant can still spread out and attack the

devices covered by the wax coating through undercutting .

€ | A routine search of the prior art was perfom‘léd with the following references of -

inte..est being founad:

In US 5,879,572, Folsom et al. éhow 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

efeh pracess and apparatus in which the presence of etchant on the front side of the wafer

’D is rr.phit_ored and used fo terminate etching once etch-through of via holes through the
iy wafar has been achieved. By deﬁniﬁbn, no ﬁteps can be taken to prevent etch-through {as
€J Is done in the present invention). We note the following significant differences between

this reference and the present invention:
* A . . .

Az 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 liquid (D1 water) will
diliie and remove any etchant leak so that devices are protected during the brief period

behveen leakage detection and termination of etching.



devices in the event of |eakage. In the present invention thg iRehber 2006
liquid (DI water) wll dilute and renove any etchant |eak so that

devices are protected during the brief period between |eakage

detection and term nation of etching. 3 6 Decenber 2006 | ME01-012 "

=1 () a [X] R . rm—

the end of wafer etching, whereas in the present invention the two

| iquids are nade flow on the wafer surface for etching uniformty
and | eakage protection. In Rolfson, the two |iquids my be stagnant
wherea$ in the present invention the etchant can be re-used since
the inert liquid does not enter the etchant in case of |eakage. o *
In Rolfson, neither liquid can be reused since they becone m xed,

t hereby -changing their properties. In the present invention, |iquids
in the two chanbers have i ndependent flow rates and tenperatures and
mai ntain the sane pressure on opposite sides of a wafer. This is not
true for thBEYHIEBON i nvention. o SUMVARY OF THE | NVENTI ON _

CONFI DENTI AL |t has been an object of at |east one enbodi nent of the
present i nvEhBPEPN: $ropinetiang etchanblfguidsaviil sxéhenge taabiion ghix Sehd a6k of wafer

surface of a wafer while at the sane tine preventing any
efching, whereas in the present invention the two liquids are made flow on the wafer

surface for etching uniformity and leakage protection.
D * In Rolfson, the two liquids may be stagnant whereas in the present invention the stchant
can be re-used since the inert liquid does not enter the etchant in case of leakage. |
O * In Rolfson, neither fiquid can be reused since they becorma mixed, thereby changing th;eir
6\ proverties. .-
*In the present invention, liquids in the two chambers have independent flow rates and

temperatures and maintain the same pressure on opposite sides of a wafer. This is not

true for the Rolfson invention.

O SUMMARY OF THE INVENTION
It has been an object of at least one embodiment of the present invention fo provide
an e.pparatus for eiching the back surface of a wafer while at the same time preventing any

leakage of etchant to the front surface.

Another object of at Jeast one embodiment of the present invention has been to

detect such leakage in the unlikely event that it occurs.



| eakage of etchant to the front surface. Another object of atglgast .. s006
one enbodi nent of the present invention has been to detect suc[ﬁe et
| eakage in the unlikely event that it occurs. 4 6 Decenber 2006

| MEO1- 012 Still another object of at |east one enbodi nent of the

pr esent—Avent+eonhas—beenr—te—ensure—uhi-form-etchi-ngof said . back.—— .
surface. A further object of at |east one enbodi nent of the present

i nvention has been to provide a process for use with said apparat us.
Q . These objects have been achieved by using two chanbers that are
separated from each other by the wafer that is to be etched. Etching
solution in one chanber is in contact wth the back surface while
dei oni zed water in the other chanber contacts the front surface. The
relative-liquid pressures in the chanbers is arranged to be equal in
the chanber of the front surface so that | eakage of etchant through
a pin hole fromback surface to front surface does not occur. As a
further predét®1-8h a nonitor to detect the etc[ cant is located in
the DI water so _that, if need be, etching can be term nated before 0
i rreparabl e dandijeanohaiehiect datimasENTg enbodBREER! PESER ST Iobhidn EBeen

DRAW NGS .
to easure uniform efching of said back surface.

P | A further object of at least one embodiment of the present invention has been to

provide a process for use with said apparatus.

(\ : These objects have been achieved by using two chambers that ‘are separated from'
each other by the wafer that is to be efched. Efching solution inone chamber is in contact
with the back surface while déicnized water in the'othJer chamber cﬁntacts the front
suriace. The relative Iicjuid pressures in the chambers is arranged tc; be equal in the
chember of the front surface sa that ieak.ag'e of etch_ant through a bir_u hole from back
sur:ace to front surface does not occur. As a further precaution, a monitor to detect the

(’) etchant is [ocated in the DI water so that, if need be, etching' can be terminated before

()  ireparable damage is done.
CONFIDENTIAL
BRIEF DESCRIPTION OF THE DRAWINGS

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

back surface is being efched.



FIG 1 illustrates how etchant may | eak onto the front surfa éi
wafer while its back surface is being etched. 5 6 Decenber %569Cé%ber 2008
| MEO1-012 FIG 2 illustrates the apparatus of the present invention.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS O The invention is a novel

app n PQQI -to_use, .
seanl ess and hassl e-free procedure. In the description that fol | ows

the comonly used KOH etching process is assuned, but it wll be

realized that the invention is nore general than that and could be

applied to any situation where a material; such as any

sem conductor, is to be etched fromone side to form etch-through

hol es 'or very thin nenbranes, while | eaving an opposite side free of
attack by -the etchant. 0O CONFIDENTIAL o At the begi nning of the

etching process, hot KOH solution is punped into the process chanber

to etch the back side of the wafer. In order to have unifaorm etching

across the watMEOsOtX ace, the KOH fl ow pattern nust be nade

turbulent. So, the KOH solution is ejected out at sonme speed in

random di r ect i ons"6r difiustrates Hmmnparmasiof thid pesettumastient 1 ow al so
facilitates rapid renoval of hydrogen bubbl es generated by the

etching reaction. An overflow hole on the upper part of the process
chanber allows KOH to flow

@)

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invénﬁon is a novel appafatus fo make the wafer bulk etching process an
eas /-0 use, seamless and -hassle~free procedure. In the description that follows the
commonly used KQH efching 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 eiched from on.e side to form etch-tlhroug_h holes or very thin
membranes, whife leaving an opposite side free of attack by tﬁe etchant.
o | CONFIDENTIA
@ At the begmmng of the etching process hot KOH solution IS pumped into the
é- process chamber fo etch the back side of the wafer. In order to have uniform etching
across the wafer surface, the KOH flow pattern must be made turbulent, So, the KOH
solution is ejected out at some speed ir; random directions from its'shower head. This
turculent flow also facilitates rapid removal c;f hydrogén bubbies generated by the etching '
reaction. An overflow hole on the upper pért of the process chamber allows KOH to flow
back th; KOH tank. When etching is close to the end {this can be estimated from the

eiching rate), hot D) water {at the same temperature as the KOHj) starté to be pumped into

6



back the KOH tank. When etching is close to the end (this can, tbeecember 2006
estimated fromthe wetci ;ing rate), hot D water (at the sane
tenperature as the KOH) starts to be punped into B 6 Decenber 2006

I M 01-012 the encl osed chanber on the front side of the wafer. The

wat e—flow-here is also nmade turbulent such that no_ajir. bubbles
accunul ate and attach to the wafer surface. To avoid any danmage to
fragile parts of the wafer, the water injections fromthe showering
should not oe 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

bal ance the pressures on both sides of the wafer, the outlet of the
short tube should C) be slightly Iower in height that the overfl ow

hol e on the process chanber. In addi'tion, the water flow should be
kept at a_relatively lowrate so that the pressure difference to

drive the walMzO#0®v is as | ow as possible. The essence of the above
schenme is to use clean water to dilute and take away any KOH | eaks
from the waf & cased shaabermiethp diont side pf (hatwaferc dne baterdioitere® alsp made
the water flow tank by using a pH neter. Too high a pH val ue '

i ndi cat es ei f4iylent sugh é@t aﬂﬁﬁrhubglﬁs REfyniste srd giachde the weier awfasat Balavoid
wafer. In either of these case the etching process shoul d not

cont i nue any2R#3mRae todegls pRISIPIADe wafes the waten inieationsiran tizs shomering should
there is a schematic diagramof the apparatus of the present

i nvkntion. TR ?%Cteéfm%?ﬁewafﬁpaﬁa‘&m@shm iha wafrs surface: Wamines D4 water dmplirged

22 that are ‘ .
out through a short tube to the water reflow tank and then flow back to the hot water tank.

0 To balance the pressures on both sides of the wafer, the outlet of the short tube should
e‘ 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 to use clean water to dilute and take away any
KOH Ieaks from ihe wafer front side. The purity of water can be monitored in the water
13 flov. tank by using a2 pH meter. Too high a pH value indicates either a large amount of KOH

leakags or a contaminated wafef. In either of these case the etching process shouid not

coniinueanyfurther. - | : CDNHDENHAL

)

Referring now to FIG. 2, seen there is a schematic diagram of the apparatus of the

- present invention. The heart of the apparafus is inthe two chamberé 21 and 22 that are
separated from each other by silicon wafer 11 so that the [atter's back surface 23 is part
of chamber 21 and its front surfaée 24 is part of chamber 22. Seals 25 serve to pr.event

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



separated from each other by silicon wafer 11 so that the laléif b 2006
back surface 23 is part of chanber 21 and its front surface 24 3% %"
part of chanber 22. Seals 25 serve to prevent liquid fromflow ng

bet ween these chanbers. Generally, wafer 11 will have a dianeter 7 6
Decenber 2006 | M=01-012 between about.. 10 _and 20 _cm.and a thi ckness

bet ween about 0.5 and 0.72 mm A solution of potassium hydroxide 13

Is stored in tank 27 where it is naintained at | a tenperature

bet ween abeut 60 and 90 C by heater 26 controlled by thernocouple 28.
Tank 27 is connected to chanmber 21 through punp 29 path, a return

pat h being provided Q by etchant return path 30. The potassi um
hydroxi de solution flowrate is between about 500 and 2,00 scan. The
connecti-on frompunp 29 into chanber 21 term nates at shower head 31
that emts the potassium hydroxide solution in a direction that is
parallel to back surface 23 while at the sane tine rotating. This is
a key feat uMNE@O0t4he design since it induces turbulence in the KOH
solution which in turn ensures the rapid renoval of any _bubbles

(pri mari |y PRYy@EBGERY Hand 3dhrmaag aH@l‘E‘W%ﬁP?@’@@“ aBout W'ﬂ"l% 487

source of deionized water is tank 32 which is maintained at a
tenperature between about 60 and 90 C by heater 36 controlled by

t her nocoupl e 38, Tank3 onnect to chanber 22 through pur
39. The connecth aﬂaﬁqn(ﬂipafaﬁawg%wifnwseﬁﬁﬁwre 5 ks 2 vinere 8 Ispaibiagihe
hﬁd 41 th%ttemeprgrétare %Itv?enenz ou‘t"@é and 436' 8 b()jf Ihregt%tr '28 tpo?]ed lay tr%%gcl:olu%lle 28,

Tank 27 is connected to chamber 21 through pump 29 path, a return path being provided -

O by eichant return path 30. The potassium hydroxide so!ut?on ﬂbw 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
suriace 23 while at the same time rotatihg. This is a key feature of the design since it
induces turbulencelin the KOH solution which ih turn ensures the rapid removal of any

bubbles {primarily hydrogen) that form at back surface 23, ,

CONFIDENTIAL
f) The main source of deionized water is tank 32 which is maintained ét_a termperature
B _ O between about 60 and 80 °C by heater 36 confrofied by thermocoupie éB. Tank 32 is
{.:, connected to chamber 22 thi'csugh pump 39. The connection from pump 39 into chamber
22 tzrminates at shower head 41 that emits deionized water in a dire:ction that is paratle!
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 ;rvhich in tumn ensures the rapid removal of any
butbles (primarily air) that may form at front surface 24.

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



to front surface 24 while at the sane tinme rotating. This is also aber 2006

key feature of the design since it induces turbul ence in thé BECe™

wat er which in turn ensures the rapid renoval of any bubbles
(primarily air) that may format front surface 24. Deionized water
| eaves—chamber 22 through path 40 but does not return directly 8 6

Decenber 2006 | MEO1-012 return tank 32. Instead, it is connected to
wat er reflow tank 42 which provides the neans for ntroducing a
difference in pressure between the two liquids that are on opposite
sides *of the wafer. This is acconplished by causing liquid in water
reflow tank 42 to | eave O through 'high flow inpedance tube 45 that
extends for sone distance into tank 42. The height of the KOH

sol uti on above the wafer should be from5 to 10 cm The hydrostatic
pressure of the KOH solution at the wafer surface can be bal anced by
that of t'he deionized water at the wafer surface. This balance is
readily accomME®R@MR by raising or low Bring tank 42 relative to 22.

A third inportant feature is the presence in chanber 22 of detector

48 for pot asSidmiENer ietase, it ibhrected tpmiatarirgoy tahk 92 GAhDrERd Me means
sui tabl e detector, in practice it is nost convenient to enploy a B]—el
meter for det?ec¥BHUc 2 fifergaondn afesswe bhiwegn it therligLids el A SopddeRs sides
t he pH measurfed 3%/ 48 said pH neter exceeds 7. CONFI DENTI AL Al'so :
shown in Fi G Det@est Thipds scapmpliphrrby caysimeliduid Inovateeafiow s 5 18 1eave

af i ng. . -
, thraugh high flow impedance tube 45 that extends for some distance into tank 42. The
height of the KOH solution above the wafer should be from 5 to 10 cm. The hydrostati&
pressu_re of the KOH solution at the wafer surface can be bajanced by ihat of the

8,
e

dgionized water at the wafer surface. This balance is readily accoﬁplished by raising or

low zring tank 42 relative to 22. |

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

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

CONFIDENTIAL

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

O

RESULTS:

Prior {o 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 O to 70%.

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

9



RESULTS: Prior to the adoption of the process and apparatus dae%fl‘l b%der 2006

above, the wafer yield of KOH etching, in ternms of the wafers

%cee

fromKOH | eak attack, varied fromO to 70% After inplenentation of

t he present

Dec

and the prior art is sunmarized in TABLE | bel ow " FEATURE LEAK

i nvention, the wafer yield increased to 100% 9 6
rison between the present invention

DETECTI ON WAX COATI NG | NVENTI ON Cl osed fl ow ckt. yes no yes Leak
sensors yes yes no wax renoval no yes no CJ wafer protection poor
fair excellent process interrupts highly likely no no operational
ease clunsy clunmsy easy system conplexity conplex sinple conplex
TABLE | What is clainmed is: CONFI DENTI AL

o

O
O

IMEO1-012

A comparison between the present invention and the prior art is summarized in

TABLE [ below:
FEATURE LEAK DETECTION | WAX COATING INVENTION
Closed flow cki. yes : . no yes
Leak sensors _ yes yés T one
wax removal no yes B r-m
__*_-=fafer protectioﬁ poor fair | excellent
|_process interrupts highly likely | no no
operational gase clumsy . clumsy easy
sstem complexity | complex simple complex

TABLE |

What is claimed is:

CONFIDENTIAL

10



10 6 Decenber 2006 1. An apparatus for wet etching a wafer @mﬂég%mber 2006
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 chanber; 5 in said first chanber, contacting said back

surface at a first pressure, a first fluid that etches said wafer;

and in said second chanber, a second |iqui-d |ocated at a height, that
does not etch said wafer, contacting said front surface at a second
pressure that equals said first pressure, whereby |eakage of said

first liquid to said front surface, through a pin hole in said wafer,

10 cannot occur; and an external tank connected to said second

chanber, wherein said tank is adapted to be raised or |owered for

bal ancihg t Han apearpiusdeuwesetchingewatep paviag drond asd Prple guifaces, gpmphsing:
wherein said first pressure can be bal anced by adjusting said height

of the secorfiisi arnflbecontdscrambrre sapprated ase frostandiber by saidavafer whereby said
wherein said wafer has a dianeter between about 10 and 20 cm 4. The
appar athekdastacebiedparh of saidnfirst whambien asdi shidvdfoat sheace is padkefessid second
between about 0.5 and 0.725 nm 5. An apparatus for wet etching a

si | 1 corchamiber; havi ng front and back surfaces,

5 in said first chamber, contacting said back surface at a first pressure, a first fluid
that etches said wafer; and
in said 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,
10 cannot occur; and
an external tank connected to said second chamber, wherein said tank is adapted

to be raised or lowered for balancing the two pressures.

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

adjusting said height of the second liquid.

15 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



11 6 Decenber 2006 conprising: first and second chanbers th3§zﬁf%mber 2006
separated from each other by said silicon wafer whereby sai back
surface is part of said first chanber and said front surface is part
of said second chanber; 5 seals to prevent liquid fromflow ng

bet ween said chanbers; a first tank containing a solution of

pot assi um hydroxi de nmaintained at a first tenperature; said first
tank being connected to said first chanber through a first punping
path and directly connected to said first chanmber through an etchant
return path; 10 a second tank contai ning deioni zed wat er mai ntai ned
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 “HNEYAEond tank through a water return path; 15 neans for

i ntroducing a balance in pressure between liquid contacting said back

surface and firsband seeandachamiers Ahal dre separalied foe eaghdothar byisaidssilienmawafer
chanber, a detector of potassium hydroxide. 6. The apparatus
descr i beberehy sl hadk whikacs is pait f resich §rst chamiver edd said) frantistiffaceeiscpart of
in pressure between liquid contacting said back surface and |iquid
cont act saig) secord! ¢rrapmiter;
5 .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;
10 a second tank containing deionized water maintained at a second temperature;
said second tank being connected to 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 return path;
15 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. |

0. 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

20  surface further comprises means to control water height in said water reflow tank relative

12



20 surface further conprises neans to control water height i i d

water reflow tank relative 12 6 Decenber 2006 to water heigﬁ%%%ﬁember 2006
sai d second chanber. 7. The apparatus described in claimb5 wherein

sai d detector of potassiumhydroxide is a pH nmeter. 8. The apparatus
described in claim5 wherein said first punping path termnates 5
inside said first chanber at a shower head that em ts potassi um

hydr oxi de solution in a direction that is parallel to said back
surface. 9. The apparatus described in claim8 wherein said shower

head rotates while it emts potassium hydroxide solution into said
first chanber, thereby inducing turbul ence. 10. The appar at us

described in claim5 wherein said second punping path term nates 10

i nsi de said second chanber at a shower head that emts deionized

wat er ita veateni heightiiosaidsacondshpabarl el to said front surface. 11. The
apparatus described in claim 10 wherein said shower head rotates

while it emts deionized water into said second chanber, thereby

i nduci ng turbul ence. 12. The apparatus described in claim5 further
conpri sz ng aTRe ppARRAYEAFIHBUIR dAiRVS wirerdiRPRI@ e ctdt c%%diaé@tﬁrﬁrta/droxide
refl ow path to reduce deionized water flow rate. 13 6 Decenber 2006

13. Theg g &s described in claim5 wherein said first tenperature

i s between about

8. The apparatus described in claim 5 wherein said first pumping path terminates
5 inside said first chamber at a shower head that emits 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 turbulence.

10. The apparatus described in claim 5 wherein said second pumping path terminates
10 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

15 impedance in said water reflow path to reduce deionized water flow rate.

13



60 and 90 C. 14. The apparatus described in claim5 wherein s Bg 2006
second tenperature is between about 60 and 90 C. 5 15. The d% ararusT
described in claim5 wherein deionized water flows into and out of

said first chanmber 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 and in a first chanber, contacting

said back surface with a first 1liquid that etches said wafer; 10 at

a second pressure that is equal to said first pressure and in a

second chanber, contacting said front surface wwth a second |iquid

t hat does not etch said wafer, whereby |eakage of said first liquid

to said front surface does not occur; and bal ancing the two pressures

t hrough an external tank connected to the second chanber, wherein

sai d baldnci ngeiappaatenpesaibed ibglaimiswherebr saidiestitemperturetia hkiween about
relative 15 to said second chanber; and etching said wafer for a

peri od &fand 68 °Gi t hout any part of said front surface getting

etched. 17. The process described in claim16 wherein said wafer is a
sem conductor. 14 6 Decenber 2006 18. The process described in

cl ai m 16l.wherHEienappardtusadescribad im chhirarfe ivbereih ebidesstmind uempeératad iBdbetween
cm :

about 60 and 90 °C.
5 15, The apparatus described in claim 5 wherein deionized water flows into and out of

said first chamber at a flow rate of between about 10 and 100 sccm.

16. A process for wet etching a wafer having front and back surfaces, comprising:
at a first pressure and in a first chamber, contacting said back surface with a first
liquid that etches said wafer;

10 | at a second préssure that is equal to said first pressure and in a second c‘hamber,
contacting said front surface with a second liquid that does not efch said wafer, whereby
leakage of said first liquid to said front surfacé does not occur; and |

balancing the two pressures through an external tank connected to the second
chamber, wherein said balancing is éccomplished by raising or lowering said tank relative

15 to said second chamber; 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.

14



19. The process described in claim 16 wherein said wafer has
t hi ckness between about 0.5 and 0.725 nm 5 20. The process
described in claim16 wherein said external tank is a reflow tank,

and balancing of the two pressures is acconplished by controlling

the water height in said reflow tank relative to the water height in
sai d second chanber. 21. A process for wet etching a silicon wafer
havi ng front and back surfaces, conprising: 10 providing first and
second chanbers that are separated fromeach other by said silicon

waf er whereby said back surface is part of said first chanmber and

said front surface is part of said second chanber; providing seals

that prevent liquid fromflow ng between said chanbers; causing a

sol ution of potassium hydroxide, at a first tenperature and pressure,

to 15 t8.ow i nt o el poesesst dezdriedi insclagmah®evhereim gaidi watari a diameter
parallel to said back surface through a rotating shower head,

wher ebybatyesnabent d0iapdi2@desed i n sai d potassi um hydroxi de sol ution

t hereby renoving fromsaid back surface any bubbles that may form

t here; causing deionized water, at a second tenperature and pressure,

f1 owg : , : ture |
9 11 0% TR Bl LA SR EHERME R o B8l acu

t ur bul 1Sy 4 ed in said deionized water thereby renoving 15 6
Decerrbgtgg%h?j%@%ﬁubbl"es that may formon said front surface;

5 20. The process described in claim 16 wherein said external tank is a reflow tank, and
balancing of the two pressures is accomplished by controlling the water height in said

reflow tank relative to the water height in said second chamber.

21. A process for wet etching a silicon wafer having front and back surfaces,
comprising:
10 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

15 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 ény [aubbles that may form there;

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

20 shower head, whereby turbulence is induced in said deionized water thereby removing
15
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nmoni toring deionized water in said second chanmber for the pr ce of
pot assi um hydroxi de; and 5 etching said back surface for a %Zﬁjl]e&?mgﬂ‘er 2006
time that is insufficient for said potassium hydroxide solution to
etch all the way through any part of said silicon wafer. 22. The
process described in claim21 wherein said solution of potassium
hydroxi de has a concentrati on between about 30% and 40% by wei ght.
23. The process described in claim?21 wherein said first tenperature
is between about 10 60 and 90 C. 24. The process described in claim
21 wherein said second tenperature is between about 60 and 90 C. 25.
The process described in claim?21 wherein the step of nonitoring
dei oni zed water in said second chanber for the presence of potassium
hydr oxi de further conprises 15 measuring the pH 26. The process
described in claim?25 further conprising term nating etching when
said pH exceeds 7. 16
any bubbles that may form on said front surface;
monitoring deionized water in said second chamber for the presence of potassium
hydroxide; and
5 etching said back surface for a period of time that is insufficient for said potassium

hydroxide solution to etch all the way through any part of said silicon wafer.

22. The process described in claim 21 wherein said solution of potassium hydroxide

has a concentration between about 30% and 40% by weight.

23.  The process described in claim 21 wherein said first temperature is between about

10 60 and 90 °C.

24.  The process described in claim 21 wherein said second temperature is between

about 60 and 90 °C.

25. The process described in claim 21 wherein the step of monitoring deionized water
in said second chamber for the presence of potassium hydroxide further comprises

15 measuring the pH.

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

pH exceeds 7.
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