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I  Method for reduci ng and honogeni zi ng the thickness
of a sem conductor |ayer which |lies on the surface of
an electrically insulating material 5 The present
invention relates to a nethod for thinning and

pl anarizing a sem conductor |ayer by neans of an
etching treatnent with Iocalﬂy varying materi al

erosi on. An exanple of a technol ogically rel evant

senj conductor layer,is 10 the functjonal | ayer .of an
SONHDRE Hodor GRS A AP 5070 o Do e oot @
on | nedidiductdy NRldr WHIAH aNdls |V he s iR &6 an

conprise a sem conductor |ayer, for exanple a silicon
| ayer, which |etscbnicadlguihaudabing baterwafler (or
handl e wafer). The thickness of the sem conductor |ayer
varies 15 as a function of the conponents to be
The' PEESSRE. 1 P ShERCH @B1LSesOfBERALLY HBRAGDELWECR i ng and
so-called thin filnms (less than 100 nm thick) and
plspacakied &heekitbhasctbrotay@® b teaabootf & pmching

thick)., Either the_base wafer may consist entirely of
CTGRENENCYH FRal POt AT VY AGOBELFT AR L FEPSaRBpI ¢

gl ass, quartz, 20 sapphire) or it may for exanple
consi st of a sem conductor material, preferably

Ansekawophe ahdaneeehyobegsepailgt edlévantt Bemiconductor layer is

conductfr | ayer hy an_el ectri cal i nsul atin

seni I
ChP GG URCT THRAL of UFFI 41 R PRuMAFPRg (PaJer REJHcPgAuctor on

IngﬁﬁgPéf’of0§§i§Eonon?&§%ﬁ%%f8§5deA82§hga§ functional layer,

sem conduct or | ayer o waf er nmust have a very

SOhowagensousmphi sknessemascbaduasorhéapatrer fost eedgple a
Particul ar in the case of sem_conductor

.region
Slibg%?SIQY?ﬁ'awh%ﬁ pi ESsCbf ©160°H BFeI8§S? pee wafer (or
haﬁ&?@SW§f8£)Pr@HérEh§éknE?§ 30 @Ké”@éﬁi&gﬁd%BE%§hQ%9er varies

vol tage, vary very greatly Iin the event o

asiahbmmgehenust| Byer cohpockersseso Bhepabsekbstd.t Diisknession is
geé%%g ﬁgéE% %{bg%&eggfSé§c§ﬁ£2dtghgnagglagl%%ess than 100 nm
thick) and so-called thick films (from 100 nm to about 80 um
thick). Either the base wafer may consist entirely of an
electrically insulating material (for example glass, quartz,
sapphire) or it may for example consist of a semiconductor
material, preferably silicon, and merely be separated from the
semiconductor layer by an electrically insulating layer. The

electrically insulating layer may, for example, consist of

silicon oxide.

The semiconductor layer of an SOI wafer must have a very
homogeneous thickness as far as the outermost edge region.
Particularly in the case of semiconductor layers with a
thickness of 100 nm or less, the transistor properties, for
example the threshold voltage, vary very greatly in the event
of inhomogeneous layer thicknesses. The absolute thickness
tolerance for SOI wafers with thin and thick semiconductor

layers depends on the layer thickness.
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| ayers depends on the layer thickness. 2 1In order to
be able to integrate as large a nunber of circuits as
possi bl e, the requisite layer thickness honbgeneity
must furthernore be ensured as far as the vicinity of
the edge of 5 the front side. This in turn neans a very
smal | edge exclusion. The tefmfront side of an SO
wafer refers to the side which carries the functiona

| ayer, on or in which electronic conponents are
subsequent|ly produced. 10 Al known nethods for

In PSPGLET g é@'?%‘?%eéé aLte été"aédl’a‘fé e réH LG B8Rt circuits

honogeneity o e sen1co ductor |aye
asa@¢¢mumﬂefcuh@xre@uEstegulagaenthlcknaas hemngeessayymust
to carry out a pos treatnent of the finished or

FUKEhf PRocesie e SRY T 5Rf 8F T#h BF defSt B! FhptbYeCthhe edge of
thér%ﬁods %(ﬁ@nnﬂﬁf§'£ﬂ {Hfﬁhﬁéan§5aAVQ£ {Qﬁ%%y Qage.?ﬁclusion.

or the post-treatnment of an 5
ThéfﬁﬁfmrﬁxﬁnuraudW|@g dhesOayesfé¢hi c&khess honbpeneitlyg, which

are own_in the ior art. Many of these t hods
Ca#?ﬂﬁﬁ\ﬁb@cﬁ%ﬁCt%@%ginbaﬁ%¥ho%% Whi @ %%hﬁ%un386§€Pnﬁﬁe

er r & thgdSé gi on being provided at
Coﬁééﬁ%?%néiaftﬁﬂg.%?éﬁn I ckness: according to
US2004/ 0063329A1, in a dry etching nethod, the surface

of the SO wafer_is scanned with a nozzle through ,
Al @é%%% EREHRRRONS I REI SV § $HRafFySmpLt "to adjust a

u LI Condngégfer?epﬁéaﬁgﬁ ndlesehi DendELIOLS) Lhebhbehetbey

[ ayer of the SO wafer 1s exposed

al shoddgt efan dextiemanreqeiaathentdi st ehahand n@sésh@mEVED carry
ht bea

be locally activated_ b | aser beam or
Outf 1R g SHRR et \A%l?%hf%%ls}?%‘%&%oswlﬁﬁogﬁ??ﬁ 801 wafer
B P e R T L

sem conduct or | ayer
A plurality of methods for the post-treatment of an SOI wafer,
with the aim of improving the layer thickness homogeneity, are
known in the prior art. Many of these methods involve local
etching methods while scanning over the SOI wafer, greater
etching erosion being provided at positions with a higher layer
thickness: according to US2004/0063329A1, in a dry etching
method, the surface of the SOI wafer is scanned with a nozzle
through which a gaseous etchant is delivered locally.
EP488642A2 and EP511777A1 describe methodsg in which the
semiconductor layer of the SOI wafer is exposed surface-wide to
an etchant. This etchant must however be locally activated by a
laser beam or a light beam from a light source, which is
focused by an optical system, while scanning the surface

(photochemical etching).

All methods in which the surface of the semiconductor layer
needs to be scanned, in order to achieve locally varying

etching erosion, are very time-intensive and therefore cost-
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needs to be scanned, in order to achieve locally

varying etching erosion, are very tinme-intensive and

therefore cost 3 intensive. Furthernore, scanning

requires an el aborate novenment of the |ight source or

t he nozzle, on the one hand, or the SO wafer on the

ot her hand. 5 Furthernore, additional inhonpbgeneities

of the layer thickness occur particularly in the edge
~region of the layer, i.e. ina region up to 5 nmm away
infepRivhe RaFehesngee. ascadnings requikes pagiedrdonadice movement

t oye p_.takes pla during the_scanning. ,For, a
of | e PR ERReRLeE B0 R e o ey epmt hligk Rags hand, Br the gor
wahepoganehtyoehe0hi8dnm i s achi eved according to

EP488642A2 wi t hout specifying an edge excl usion.

According to EP511777A1, for a layer thickness of 108

er Lckn h eneity.of 8 nmis achieved.

rulPhaBuePEbealit ERERET ATBMEREPEY piRs ol h? 3R Hhickness
oc Okt 02804054586 A dasehibegqga meghed ber tpkanakizi,ng.a. in a

sem conductor |ayer, in which - after .
regopsnt ¥BntdepefitieAvaYmE89lr ERenWabert REJEhi éRN&s3 lofst Ha the

<o gE RN Ol L1 e L tBLer ol FLbR WL o o

a layerothibenesshbngsboeamnent 1depengsiorRnthe BBmbggheity of
intensity on the surface of the sem conductor wafer,
10 a8 ighechigredi aAFeRsALpg] §0sBP4BBSHERANWHEPpEHEeRPRyidying an
a i ff In_th ' Iy asu :
e e Heberear A ot B Sknod Rt o Pbadc aTBy Fhackness
of ppss then-depepdentheecrRsesp hahégendhts BEt BodmCakr aehseved
.local thickness differences of the 25 sem conduct or
withget SRegleyiedtalePPIcabkRdU§RONt requires
addi tional outlay which increases the costs: a
t hi ckness neasurenent before the etching, the

DE DU Doluct s 0h6 ©41 adeaskibes at hecksposurepdadaanzexposur e
devi ce. 30 JP09- 008258A describes a nmethod in _which the
sen] PRIy eka B, afn SAiGhf er af §eEt BRBHL WPRhdependent

meé%&%%ﬁ@@@qy§ @ﬁ@oéﬂfgkﬂéséthegﬁérgemiconductor layer - the

SOI wafer is etched while exposing the entire surface of the
wafer. The erosion rate of the etching treatment depends on the
light intensity on the surface of the semiconductor wafer, and
the light intensity is set position-dependently so that the
differences in the previously measured position-dependent layer
thickness are reduced by the position-dependent erosion rate.
This method corrects local thickness differences of the
semiconductor layer very effectively, although it requires
additional outlay which increases the costs: a thickness
measurement before the etching, the production of a mask for

the expocsure and an exposure device.

JP09-008258A describes a method in which the silicon layer of
an SOI wafer is etched with simultaneous exposure of the entire
surface, and its thickness is homogenized. The process is self-

regulating, because the etching rate depends on the number of
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surface, and its thickness is honogeni zed. The process

is self- regul ating, because the etching rate depends

on the nunber of 4 holes (i.e. defect electrons, that

is to say positive charge carriers) which are

generated by the light, and therefore on the volune

il lum nated and consequently dn the local silicon

| ayer thickness over the insulating |ayer. Below a

Eartlcular 5 residual thickness of the silicon |ayer,
hofRe dhafti E9L6FtcRARGET RSN T LERS §EnEPatey BPIifie Vg giarae
cak?1085) COAEERSULE! GLEAL-ANG H0e crkn1I0HA0 ShoPTySldie on

orp on o i co I"ayer o)

thdepemdaeomluhmlnaveaeagahc@ESEQthkgbtonthh@ lappiloach icon

furthernore nmakes it possible to adjust different 10
1a¥@§|ebapkpﬁﬁékﬁ§§§e§h§f1@@@1§¢Pp80%aw§yerBeiﬁwganéﬁﬁadcular

regggﬁ NOL EQEE%EOE% Eﬁgu%5§1%%¥ %é&%&nakhe uantity of charge

£1 on- dependent regul ati ARt ensi ty
caorianyg génekaesa bpasheeﬂ&ghtb&%one ﬂbageet@hmﬁgpymmi and the
no mask, although the etching device nust_still be

theBREPPUBERRSI nSSUER ARSePREGERLERaf Tt RaEhthdr |thgheilicon
la?@P Qfsésdéggﬂas'en khe'%g&@?%ﬁ Qﬁe ntﬁQJﬁﬁgth L %s

nvention t onogeni ze t uctor er o
apptbawvaf orthetrhont mangrhmgpoebabmeate adgubmaﬁyfferent
equi prent such as illum nation devices. 20 The object

re?éd%%%.%béaka9saeﬁepﬁoahﬁoﬁl#é&ee.%aysﬁd ThdRogeniisongloes not
th%ﬁ 5Pécfggﬁ§¥8faﬁg eCt%?ﬁg? §8§1E§ 4| bﬁﬁeh&e§eg%ﬂatlng of

surfac i ca I'nsulating materi al
thahbrghn ithensit{acerohnyhehsekhesnduetsurkayeart b&fore the
osed tg the action_25 of an_etchant whaqgse redox

5% Bt | A9 BOdR 851 e REOHIPUREEI BRCNOPIt AEVAGEeFUg SEill De
coRBfrtbe-ges! rsgcﬁ 98l <485 H@éswgg thee s8Akcen %Et%an be

ayer, so t at the material erosion per unit ti
shohe swrface of the sem conductor |ayer due to the

etchant becones | ess as the thickness of the

sem conduct or | ayer

It is therefore an object of the invention to homogenize the
semiconductor layer of an SOI wafer, without requiring

elaborate auxiliary equipment such as illumination devices.

The object is achieved by a method for reducing and
homogenizing the thickness of a semiconductor layer which lies
on the surface of an electrically insulating material, wherein
the surface of the semiconductor layer is exposed to the action
of an etchant whose redox potential is adjusted as a function
of the material and the desired final thickness of the
semiconductor layer, so that the material erosion per unit time
on the surface of the semiconductor layer due to the etchant
becomes less as the thickness of the semiconductor layer
decreases and is only from 0 to 10% of the thickness per second
when the desired thickness is reached, and wherein the method
is carried out without the action of light or the application

of an external electrical voltage.
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30 decreases and is only fromO to 10% of the thickness

per second when the desired thickness is reached, and

wherein the nethod is carried out without the action

of light or the application of an external electrica

voltage. 5 The nmethod according to the invention nmay

be enpl oyed for seni conduct oP wafers made of any

materials which are applied on an electrically

i nsul ati.ng | ayer. or an _electrically insulatin base
ThRaPEF (AR SFRPECARE FBs tDPor RERANPPE, TRy AP SSBLGWarb e
senidBalhcEERCLEeR2L haver o¢0RshShetel-188M GPNAWCTQ% applied on

material. The sem conductor material preferab
anceheatnscehéyoinpoietisghdearcesrwancklact rielkddted nsulating

fromthe.group: .silicon, germaniu silicon_.carpide
bapt Pt B i banitd SR AGEr L e ARG EEBdadOL Wafers.
ThEeR eqnduchbakns. 13hernmethadsaccerdisBgitenbihetolOmaterial. The
i nvention may al so be enpl oyed when the sen conduct or

semagenduconsi waseofiap- gopédrsbliyconntThesmenkodmampral so
e used for. thinning.an o] enizing SO |ayers with
S RRERACEBLEh ROFe SLRAN=T MEUR CHE BEP BYafiid cRive
gebegARiBhodycedcby bairbater ak119%i pdnpeual ekahicRthdRfdt®rs and
t he bondi ng of donor and base wafers, 15 and whi ch have

IIfVhcepopaknfagemnichndkaesssvarhat mehbotharcardingogdo the
e for ar@icu%ar a

] lications. The_el i.call
iy 48T ey gPnat 671 AP BLPOWY CRevCal EBRABETF oPayEr o Laver

a

I AsT ng’ na

cofengtal by psabpeansexidenal rheughrabhenapabekialbs seld for
as nmetal oxides, or nitrides, may also be used. 20 In

thipeiggsandf hanogeniwangr Splodareydsbyithapstéickngsg of more

] d I f f .
cngGTLORYELSh, | BLET oLSg 2, 09081 HBLEE SRL0ER BESErs1avera:

griadens andesenahgt hAgert bael ByaA1 hHOBYt Aenbestnaf ke wafers,
donor wafer. In the case of an 25 SO wafer, the
angevhbeh aeeve dfwgct bonae Lavent Fbackagsbevasabraedswithrt are

tognfagée L& éQ%£9@&13%088§§?§aﬁ95né9rf?ES electrically
insulating material below the semiconductor layer is generally

silicon oxide although other materials such as metal oxides, or

nitrides, may also be used.

In the case of an SOI wafer produced by transferring a
semiconductor layer from a donor wafer onto a base wafer, the
method is carried out after bonding the wafers and separating
the layer from the rest of the donor wafer. In the case of an
SOI wafer, the method according to the invention may be
combined with one or more thermal processes for surface
smoothing or for reinforcing the bonding force and/or with one
or more oxidation treatments for thinning the semiconductor
layer. It is preferable for no polishing to be carried out
after the method according to the invention, so as not to

deteriorate the planarity again.

The method may also be employed for SOI wafers which have been
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snoot hing or for reinforcing the bonding force and/or

W th one or nore oxidation treatnents for thinning the

sem conductor layer. It is preferable for no polishing

to be carried out 30 after the nmethod according to the

invention, so as not to deteriorate the planarity

agai n. The nethod may al so be%npl oyed for SO wafers

whi ch have been 6 produced not by transferring a

sem conduct or | ayer but by other  technol ogies,
Pr@?éﬁﬁ@engFNEX tTﬁ@S§€Fﬁé@9nﬁyS&WéGOBQUCéﬁEI&ﬁ&?ﬁm@ﬂ? by other

nd 0 es e it e

teEH§o§8 u%QonFSElgggﬁ%ﬁé F%M@Z S%EES@%Eh%H_Hm&h%%§%WHé
empéogssawyehOtbeobemtcmadmctegl@aye@flbh@rwabam agai nster the

the etching action. _The_nethod accordlng to the
entayentRoRTI gUEapﬁﬂgd LeGe iyt hdtit thiFe Ca6E6I or tofMayi Gift .

ne%%é?EQQVE8t§§oEE8t”%%Q for @Bn%t%@'Egelga%%%'%%aggﬁgi%%e

e’ parttcular requ mENts of ~exposure
ettbhingragtoah.t he nmet hod accordlng to the invention, it
is therefore possible to use a conventional etching

device, in which a single SO wafer or a plurality of

Th§Qhe$ﬁE§réccék&yh%aE%oHﬁEy18@@n@§ohr%@t%er@%dCQM&S%uthout
W t hout action o does not nean that the

theaeahodonust begbarrEbdsoubvuatesonbbeneedafbmeag.efmalng
action _of ylig or conventional , artifici

y |
GefSbh RaROr SRn PP F ki BT ONU A& ZRGUAFFBER gno Tt fEPbture . T

or§H§C€§$c§Pg¥tB@teﬁﬁeoﬂbﬁhﬁﬁagbkbkﬁlﬁé thecpet hodention, it is
according to the invention, and is of course

thepeehpssi bbesiFhe fet hed 20cavvendingaloethéingvertilor, in
does not howe make use of light . sources_which, by

un {38 7 R RS Lo aNa: BavaF eRgPhL BbAEY aPE. Soharge crs

sikal £h8ESubDyt BensSeAl e0BdUEHOr okayshirkhat vgeRhbiRULR tion of
S|gn|f|cantYy to the etching reaction. 25 The net hod

ll@hbbr@@ﬁ@ nottheannvbati bhei sethedi wdsbubewctlgded out in
coRBPLYL NG #nEXECT RAL SLESELT S8 a¥DY18HR. or conventional
artificial light used for room illumination, has no effect on
the success and the economic viability of the method according
to the invention, and is of course permissible. The method
according to the invention does not however make use of light
sources which, by their intensity and wavelength, generate
charge carriers in the semiconductor layer that contribute

significantly to the etching reaction.

The method according to the invention is carried out without

applying an external electrical voltage.

The method is preferably carried out with a liquid etchant. In
principle, the etchant may also be added for example as a gel
or gas. According to the invention, the redox potential of the
etchant is adjusted either so that the material erosion on the
surface of the semiconductor layer due to the etchant

automatically comes to a stop as soon as the desired final
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The nethod is preferably carried out with a liquid

etchant. In principle, the etchant may al so be added

for exanple as a gel 30 or gas. According to the

i nvention, the redox potential of the etchant is

adj ust ed elther so that the ngterlal erosi on on the

surface of the sem conductor l'ayer due to the etchant

autonatlcally comes to a stop as soon as the desired

hpckn em conduct or IS

cni6RBRed obr B8 Frne CoRE R et P Tof Sor R Heduned € that the
ma6kovanhenot hendpstbadsl baaklolhivakressei scsaaeked ithat

the etching process can be externally term nated after
thickeesai Ast raechedr thranphe ﬁychéﬁavpﬁQC¢ﬁé Safpfosr externally
te%&fﬂé£$§ gkebant) %%BFRUE Eeg%8¥ 8§8% ? .&eﬁ%%hhggthe

el ow tThe desi red i na n WRi ¢S

waségnitomanhe é@bhaha¢tlQathputp@ﬁeSeb§h%x&&éHHM@ or falling
“error" when externalh% ‘term nating the etching o
beleucthondenbtrd AonaanbhAtkreshoie BhHaY YOdesf 1Eheignificant

foﬂgéﬁ ? iE4 p%ﬁb&%ﬁes% eshgﬁﬁm&HGHEEQBrLa%ﬁgnf%%t%@nally

y sto € etching reactionis a
teﬁﬁtmaﬂlnéfbheeéaﬁhhﬁglﬂeébd&bntthﬁmﬂVﬁothemW&hertbrmﬁre than
the etchant), in the_context of the invention it is

u@?.%b%n@e$bre@hélaﬁéhthc BEBSi ORI ABNCRBaERMRg tRken for
ma%@ 1{§dsé ﬁgPtﬁ5n8€ hQR Psac§§8thQdHEt&Eska$%% @cond

SO sna It on unts to 15 between O
(£d0% oémp he ihlokdesstofréhevseﬁheowdﬁetofrbayehe péchant), in
second. E&gressed i n absol ute nunbers, the etch|n%erate

EhGHEARt @5 P hgt RRel BBSTF 280 f i hal St AREkABEENEf TPRe the etching
erégfgﬁowﬁyﬁtpéachgﬂgrtﬁgoaég gé&fEiﬁgiytgﬁckﬁééﬁegfotﬁgd

nm per second e descri bed below, a
semxm@mmmetwsdbayentEthaIsnaymbbl ahatewedobyyaamounableO

choi ce_of éhe co t|o é t he tc gant
beJHFTE Ul S {Rb CbnShFt HBATENBTS AE GRengari GPrduREpr aver

peﬁOQ&@@ﬁaatEQ?ﬁesQédeEhabEBYuPQ S6heet&d §Hbt@9Eﬁ1nbnrate
nost cases he redox potential of the etchant w
wheb dederimpethesdeniralll yibyli tkipkhesa bﬁeShecaemsponductor

h
la}ef should preferably be between 0 and 1 nm per second.

As will be described below, a suitable redox potential may be
achieved by a suitable choice of the composition of the
etchant. In particular, the constituents of the etchant or
their concentrations, or both, may be selected suitably. In
most cases, the redox potential of the etchant will be
determined essentially by its pH. In these cases, the
concentrations of the constituents of the etchant will be

selected so that a suitable pH is adjusted.

It is possible to select the pH of the etchant at the start of
the etching treatment according to the invention so that a

comparatively high etching rate is obtained. In the course of
the etching treatment, the pH of the etchant and therefore its

redox potential may subsequently be modified, preferably by
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concentrations of the constituents of the etchant wl|
be selected so that a suitable pHis adjusted. It is
possible to select the pH of the etchant at the start
of 30 the etching treatnment according to the invention
so that a conparatively high etching rate is obtained.
In the course of the etching §reatment, the pH of the
etchant and therefore its redox potential my

ubseqguent |y be nodified, preferably by S _adding (i.e.
2 Eeddr g LG FECaIR (s GBI i G (35 one b ' 1%
coP@RSiukweRt, S s s @ Hdtat: Hhe et g-Jrat @ ildesid nthderange

range according to the invention when the desired

accioprgii ndayer thehilghisagsidrs whearde dersdfradab yna hovawesr
t.h His not 5.nmodifjed durin he et chi tr eat ment
e e B B Y SRS S e e & b Hot
mogli €hieag dukgaigTeMe & DEIMY t At 0ul e The-dRO01y no
otential furthernore depends on the tenperature. 10
supstengeng are Reaest 'whidgudtheorpt aliaa ddwe tistrentd slbg g
Ca?rgggr%h%nal to the tenperature. The desired fina
hi cknESsS ° may additionally be influenced in this way.
If the sem conductor |ayer contains silicon or even

essentially 15 consists of silicon (which may of

Theogedexbeodepedp ! tharthei@ons dependsy efertdlst - tisce.-
re.fluarine ¢ ds...In rtic . an .

neBBEnahe Sh e il B e e r e s e ety o
prbbuetidaasakb icheprehparedure t he GRSE rdDrfipractdlitialkness

reasons it is preferable to use water as a sol vent,
may| pREGGRORE 1At O it fdyengetaidattddy @éstituent. The

fluoride salt is preferably amoniumfluoride (NH4F).

O her salts are also possible in principle, although
IfNHRE basitbedadvant Agecirnaiontlainss sisdddm drheven essentially

sem conductor industry and is therefore available with
copRéshcedsarty 1specititdati 8RY, ofhgourEendteslareds then the

et?gﬁg%?§§ekgr@%ﬂ?SEOEQ%iBQ W%%ncqj%BQéNfﬁ%Jﬂinéﬂg%dﬂgﬂhds. In

particular, an etchant which containg hydrogen fluoride (HF)
and a fluoride salt is preferred in this case. For practical
reasons it is preferable to use water as a solvent, although
water is not a mandatory constituent. The fluoride salt is
preferably ammonium fluoride (NH,F). Other salts are also
poseible in principle, although NH,F has the advantage that it
is used in the semiconductor industry and is therefore
available with the necessary specifications, that it makes it
possible to adjust the pH when mixed with HF, and that it acts

as a pH buffer when mixed with HF.

For different semiconductor layers, other etching solutions are
necessary. For instance, germanium can be etched for example
with hydrochloric acid (HC1/H,0) or with an aqueous solution of
hydrogen chloride and hydrogen peroxide (HC1/H;0,/H,0), gallium
arsenide (GaAs) can be etched for example with an aqueous

solution of phosphoric acid and hydrogen peroxide
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as a pH buffer when m xed with HF. For different

sem conduct or | ayers, other etching solutions are
necessary. For instance, germani um can be etched for
exanpl e 30 with hydrochloric acid (HCLl/H20) or with an
aqueous sol ution of hydrogen &hloride and hydr ogen
peroxi de (HCL/ H2Q2/ H2O), galli'um arsenide (GAs) can
be etched for exanple with an aqueous sol ution of

S [ ci ydr ogen 0xl o .
O PRRO FECE o0 W 1N A SOUeots. Sor oFi B B Rier AEHd 20
suddiud iand.cisul fd, ¢ Haso J HoBEINGB hHZ 84 pHEphiidedi UTnP) can be
phosphi de (I nP). can be etched for exanple with a

etﬁhﬁ@urféroﬁ}qw]@géﬁtéhlaoﬂjd@% Cifpﬁﬁ’?&ﬂﬁe?rb Helqride and
o e i M R OR FRAT R et koo S BUFRSEER of

hydecogedi i loa itdee dr enttirare widild b@idesmia;Bado) n det ai |

below with reference to use on SO wafers with silicon
functional |ayers and etchants based on HF or NH4F or

ThE HeWhes 1@ Rereple alHhavah it JJRYyaliseLeyappligd in
to other layer structures, other sem conductor
denatiér balewamd tof herf eatectrantts uddr icef J0Es ova fer0wioth tdiel icon

I gures 1: pband _bending in p-doped silicon upaon

F 15 Fig.
fupg ﬂ&@talwgtaﬁ(e%ﬁy&n&ﬂ%a@%ib@%% n 94 JBHfder mextures

[ ue tii@n E1Qe 24 ; i i -nggd
th&?ﬁ?géngggg%%?glntlgc%na% tahl%ohglJ r% I uolkr%i%{:](tg(r:]?) }%hlnydlr ogen
strboonirde, HEhem saquecusiwdlont nereriad® Birgl Eheyr aftidleants.

of the space charge zone in bulk silicon material.

Fig. 4. profile of the space charge zone in the

BridRCHe@Bak ptden! @ theC MFutldshg of silicon, of an SO
wafer. Fig. 5: sketched profile of the band bendi ng

inside a silicon wafer upon contact with an aqueous HF

Fi%gL thgpﬁgg&ghghgfppggﬁ%%%% %E%EE%% %%Jg“%é%¥g%t with
hydrofluoric acid (hydrogen fluoride, HF, in aqueous solution).

Fig. 2: band bending in n-doped silicon upon contact with

hydrofluoric acid (hydrogen fluoride, HF, in agqueous solution).

Fig. 3: profile of the space charge zone in bulk silicon

material.

Fig. 4: profile of the space charge zone in the functional

layer, consisting of silicon, of an SOI wafer.

Fig. 5: sketched profile of the band bending inside a silicon

wafer upon contact with an aqueous HF solution.

Fig. 6: sketched profile of the band bending inside a silicon
wafer upon contact with an agueous ammonium fluoride solution

(NH,F) .
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waf er upon contact wi th an aqueous anmmoni um fl uori de
solution (NH4F). 10 Fig. 7. dependency of the etching
depth d (in nm in the 100 nm thick silicon |ayer of
an SO wafer on the pH of the aqueous etching solution
used, conprising a m xture of 1%strength HF and 5%
strength NH4F, at a tenperature of 25C after an etching
5time of t =5 mn. The curve represents an
.expenential_ fit of - the dency. .Fj . fi
Fl?ﬁe%gtc%p%él félpctyﬁ OciE (élhnege C%\r/]ﬁ%% (%%Peﬁi %ieagltrll (%%r%tiirrrg t?ﬁe 100 nm
thiidk MiN)idaer laiy<aqusous SYUtwaec astprilss ngH aof he agueous
m xture of 10% strength HF and 10% strength NHAF
etSHIing G WS AheSEsh A iad g 13 o rofof > ans toegngth HF
far . adj ust l.ue -of, -5,-5. ;
P e REpt Tt S2oCTPRFASEEE B g eE an etching
t ifeplogs ent=s sa nliimearheeXxiurapo lxadprataft 4 e amgasigeneal fit of
values up tot =60 mn. 15 Fig. 9: profile of the
thet dspsg Yh d (in nm) with the reactiontinet (in
mn) for a 2200 nmthick silicon layer of an SO wafer
for agueous etching solutions conprising mxtures of
Fi5% st:r engtfhi 1dF ceind Hedoestataings kAT B oliut iroms vaitch vilid
20 different pH values at a tenperature of 10C. Fig. . .
et IprofbmE &f tife “@ﬂ?hiﬁﬁ'—& FEPEFAHEUSHh S Ih §HePrising a

: [ tyine j j [ 30 ' b :
mipEIEE 8 T Sl i AR ek Rl SR o
theonPoi singhad ok atidried?b lefyeh%cet reen@di Wi fand 5%e pH was

s,tren%;h NHAF solutions with a pH of 4 and a .
adggmperatr & gPLPSCOPreffer rd® EAIEHTTEMS 3T SiHGRLMAT 25°C.

TheSisk ri§ @R 1Ader 8k SMGANAUGHOfe W (&, dgap,for the
1.12 eV.” The behavior in contact wth an €l ectrolyte
meeanretrearte fvarleese ugx glcaitned éwemircl early by t he band

model . |f

Fig. 9: profile of the etching depth d (in nm) with the
reaction time t (in min) for a 2200 nm thick silicon layer of
an SOI wafer for aqueous etching solutions comprising mixtures
of 5% strength HF and 5% strength NH,F solutions and with

different pH values at a temperature of 10°C.

Fig. 10: profile of the etching depth d (in nm) with the

reaction time t (in min) in a 100 nm thick silicon layer of an
SOI wafer for an aqueous etching solution comprising a mixture
of 5% strength HF and 5% strength NH,F solutions with a pH of 4

and a temperature of 10°C.
Preferred Embodiments

Silicon (Si) is an indirect semiconductor with a bandgap of
1.12 eV. The behavior in contact with an electrolyte can
therefore be explained very clearly by the band model. If

silicon is brought in contact with aqueous hydrofluoric acid
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silicon is brought in contact with aqueous hydrofluoric

acid .......... . ... ... .. .. 11 (HF), for exanple,

then equalization of the el ectrochem cal potentials

takes place at the interface between the silicon and

the electrolyte. In order to prevent the enmergence of

freely nobile charge carriers ' fromthe silicon, a

space charge zone is 5 forned at the interface An

cess_char n.the for stat | ar es, i.s then

O m ROEHE Bsnc bt P8 i o 6 1 FHiord S g et cal
pokengerlany akeeehy arebizle tchléarlme@abueeb%tmﬁrﬁ thellHiS icon and

is countered on the electrolyte side of the interface
thﬁyelﬁﬁtéﬁé@@?ﬁt e Ieherger- Qo preNentotmeofemgrgence of freely
moé)&(?re lc%?”lfqle.efslgroﬁ’y%%e g 1%%% a %0| g}alcoen dharge zone 1is

wi I carrier

fo@maaeatr ahleomn\ﬁ:ﬁh:(fbc@wﬁﬁd%xblé@ts Icfﬂla&1g|el Qorin (toepeRAim @ £
on the_doping |level) by an order of magnitude. The
stahafFgehanIehe 16| EEERolfpraced da ¢as epecsf sharge zone, i.e.
at.ed b r l.aye he, _r of,
e PRero R (RPN R e e
Thliewidopbugserktheospate eQE@tQ@l&QéesuﬂeSUfIQQE exitetdsice by
over a depth of the order of one mcroneter. The
aneAPpPeiEpechpresl -Rotdntigl fowRi e PE @G@Ctt601tYﬁéC double

rg h Lean.sp e 0
1agP 0850 MScRHL P S0P Ree BRI RN a0 coneain
chhhge sakr@en cbhisnpetenbhnalvhdebp eixtekie &hamelah@ugacon

one of the silicon entails band bending inside the

d@PPPééﬁg an the dPrpiBpf ac¥<het W¥eAlt REASH) Plomaghd tide - The
chg%ﬁgtﬁﬂl¥h éfégﬁréiggé s%éngﬁggﬁgggggf§'l%%o%o%Bé%sated for

e val ence an onducti on
byrespeeti veliy) latethenStheFrenger bdca dee auhwveetieawar d
| oner el ectron energies (downward). The silicon surface
is therefore depleted of holes. For n-doped silicon

on(EhE- og%eroﬂanﬁhefBEhEBdg§Qge the1RaNd8 L8 sCULKed space

toward hlgher [ ectron
charge zone in silicon extends over a depth of the order of one

micrometer. The entire electrical potential, which is due to
the charge Q in the silicon space charge zone and the
electrolytic double layer, therefore falls off within the
silicon. This potential drop in the space charge zone of the
silicon entails band bending inside the silicon, at the

interface between the silicon and the electrolyte (Figs 1, 2).

For p-doped silicon (Fig. 1), the valence and conduction bands
(1 and 2 respectively) at the Si/HF interface are curved toward
lower electron energies (downward). The silicon surface is
therefore depleted of holes. For n-doped silicon (Fig. 2), on
the other hand, the bands are curved toward higher electron
energies (upward). The silicon surface is depleted of
conduction band electrons. The symbols 3 and 4 respectively

stand for the ionized dopant atoms.
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30 energies (upward). The silicon surface is depleted
of conduction band el ectrons. The synbols 3 and 4
respectively stand for the ionized dopant atons. 12
The contact of HF with p-doped silicon having a
resistivity of from0.5 to 1 ,0cmleads to a space
charge zone wdth of about 1 ‘mcroneter. Although the
surface is depleted of holes, it could nevertheless
t] ef.ch he HE | uthon,._The_requir I
ThR b et g i (ha DA ROBED: A6 o PFcon Siere (e tdvd Y of
froheonnl ty rLegenelated. tbnageperal chbwgewayseofvidth of about 1
~dissolving silicon are available. On _the one hand ,
migrerebar meflbboushatkedsuidagrsd6l denlareee Oy holes adg could
el hand, .t te,o (o] I ssal Vi :
ne g R O ok AL (o) “hey By aRept iy ot e TR i re
hosekutbaasfremntaenbngkhypdr ohkuedildcaeai, dwhehe dihegctire
route_leads only tqQq very low etching rates of a few
thesRahsY oF CCRRFATFRY- 15 Si + 2 HF2 + 2 HF : [SiF6]2 + 2
H2 (1) A two-stage process is therefore recommendabl e
for etching with hydrofluoric acid. In a first step
Insgéneoval | stoxi dhgedofodfiesmilvinbi edhidbaxbde, aaad lehée. On
|atter is_subsequently dissolved 20 the hydraofl yoric
the ppue kpnd g1 el @a%tbe~agpeﬁkggia OdlS@gﬁvegiéerchly,
andiFoh §%g4ofhgrkgghég)th§'gé feonFf5r%iE%Chﬁd[éﬁ%@b@vﬁng
2 H3O + (4) 25 The rates o? this reaction path are a
sifacotordodxi60 (§001000, We gdwptdrdn Iwradidectsolutions

di ssol vin f silicon accqrdi 0 Reaction uat i on
CO%E§%H£%%p§¥§r?ﬁiugrﬁﬁ|?ah ougﬂgxﬁérsﬁEeraPtebggﬁ s only to
ve%gaﬁgdz 08: PRINS rhpeceberg, rhiecdhrRet ofi §sghyiag . my be

negl ected. "I n principle all these considerations may

be applied directly

Si + 2 HF, + 2 HF 5 [SiFs]% + 2 H, (1)

A two-stage process is therefore recommendable for etching with
hydrofluoric acid. In a first step silicon is oxidized to form
silicon dioxide, and the latter is subsequently dissolved by

the hydrofluoric acid.

Si + 6 HLO + 4 h® S 8i0, + 4 H;0" (2)
Sio, + 4 HF S SiF, + 2 Hy0 (3)
SiF, + 2 HF + 2 H,0 S [SiF¢]? + 2 H;0° (4)

The rates of this reaction path are a factor of 1000 to 10000
higher than for direct dissolving of silicon according to

Reaction Equation (1). Despite the simultaneous existence of
both reaction paths, therefore, the direct dissolving may be

neglected.

In principle all these considerations may be applied directly

to the silicon layer of an SOI wafer, since an HF/Si interface
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to the silicon |ayer of an SO wafer, since an HF/ Si

interface 13 is still involved. However, the behavior

is not conparable to that of the bulk material. The

crucial difference between bulk material and SO

material resides in the thickness of the functiona

| ayer. 5 The band nodel per se’i s naturally retained

even for a thin |layer. However, the ratio of the space
. _char. zone.wdth to the thickness .of t.he silicon
o) BPad T ARG AR TRE o e HHRAVGE™ sndtitn Gherable to
thadt efi @heCan1eXHRRE raver. e etidie 1t Migkreshf v védwn bulk

silicon wafer (Fig. 3), in the case of an SO wafer it
maiceripilnpned SO Mmad ertiadk resd defs tile thendthiigkaledsayady the
fugg%gbng%.lgggr.the_described resistivity range, the

space charge zone in bulk material is at |east an

order of magnitude larger than the thickness of the

functional |ayer of an SO wafer. 15 Since only the
Thehhrge BafelePsti BSi d6 DREVraAdY dsakingfecvigdedon @ Bdin
1a§8£‘3.' %8[{8%&9 the ¢a ?ﬁo%fs%ie Lhe hang bending and 4he + o tne

pace charge’'zone w dih are al'so“correspondi ngly | ess.

thibRnekedox patestilakoat 1ther ahenbaee betiveerHdh&pace charge

etchant and the 20 _silicon is therefore shifted, which
ZORgs1B BBLKeYpERUIAG EPFeEKtenal ONETr EREL EHTd Hehdhigikgess of

0SSi I [, _assunpti o c rni-ng t I S
B, FE T im0y BEaneoof SRRt P s Saat it is
liat eefiukbythet ahtietinewenof25hkorf uhkitd osialli Qe dray@risy. 4). For

The di ssolving of silicon on the surface of the ,
theyreErshardl 8¢k Shi¥d tyakesIpl acbeviSRaERe CHR TAFe 2o 1n bulk

aani i i Lec i ndi di 5s0hving.

maRERRan! Phar, 18265, P Pe S BE. BEPLIPLIRC Tt Bt B, e
thpekuededofr ohet ianctubatilonalekrapér anTB0S eaferaw t ake

place only froma very 30 Iimted reservoir, however,

since their nunber varies

Since only the charge carriers inside the functional layer need
to be considered in the case of SOI, the band bending and the
space charge zone width are also correspondingly less. The
redox potential at the interface between the etchant and the
silicon is therefore shifted, which has a corresponding effect

on the reactions that are possible.

The model assumptions concerning the process of dissolving
silicon by means of hydrofluoric acid are fully retained even
for thin silicon layers. The dissolving of silicon on the
surface of the functional layer also takes place via one of the
two mechanisms, i1.e. direct or indirect dissolving. The holes
required for this (h*, "defect electrons") are provided from the
functional layer. This can now take place only from a very
limited reservoir, however, since their number varies
proportionally to the volume of silicon present. If the
reaction at the interface takes away more holes from the

silicon than can be thermally regenerated, then the absolute
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proportionally to the volume of silicon present. If the
reaction at the interface takes away nore holes from
the silicon than can be thermally regenerated, then
the absolute 14 nunber of holes in the functiona

| ayer decreases until any holg that is generated is

i mredi ately accelerated to thd® interface. For a rapi d
reaction, this nmeans that the space charge zone would

extend_.over the entire thickne §s of the 5 functlonl
nufR g e P H8 L RE R Bat o Tt T a8 el GG ERES (hgl any
hol BetBpacesCchangeazede i\ dﬁrﬁe@dﬁt@l?o a@ee&ré&lalt%rd &Q) ttlmt
sonme of the functional |ayer continues to have free
mﬁ@ﬁﬁa@echﬁpgea gapiidersact oThe tildt meghst ﬁélaé;péé@ space
rge_zaone i t he functi_onal r ruci r
chgPBLISAR oL BerERY, LHAG LAIRLALBET it dliel Be ke

fufaseonhhelband bemdihe headsibe depket o cef rdaﬁ{ee%l@fwly, then
el ectrons at the interface. OMng to the subsequent
the| gpapanghapgeearnal Widsh gpn eRecchar gaadaren s that some of

th%e éﬁ@EEBSaEO%SQFEaEO%§1 E%flk% hg%% E&&%Q?m?ﬁg% fﬁgrge

ndi ng- spreads entire
capotential wll fall off across it. Full drainage of
charge carriers is therefore possible. This situation
occurs for exanple when etching an SO wafer with a 100

kogep},&o 0 r : S [
G N S S
isroeparielpéoat yhe: pkbperserscoidubbofuhayebniad ﬂb@&&rv&@ the
during an etching tine of one hour, i.e. the fin

NO¥RREKABSS - thﬁhEa§énio@aﬁaaat drafgyEP PEPlpsien ﬁén hPé@S or
c100L YHRD US1 PheSghd e %8%“98%2 “t8“t3 o%ﬁgs'é SR8 flat band

condi tions, several mwoul et che ul'k mater
poﬂénihelclassiaau chﬁbbhakgenceﬁrhyﬁsobbuofbdlaWIdh@H@btential
and_nitric _aci NC3) |i kewi se does not dissolve the

preffi@onByayéf ‘aber Bapdabefléﬁﬁgr SPEPeISORPYOMARr s4S fHtire
voi@ﬁeFe@ﬂ@ﬁaﬁﬂéepgeeﬁpggﬁ w9%1 fall off across it. Full

drainage of charge carriers is therefore possible. This
situation occurs for example when etching an SOI wafer with a
100 nm thick semiconductor layer by an etching solution made up
of 48% strength HF with H,;0, with pH 1 at room temperature: the
semiconductor layer is preserved during an etching time of one
hour, i.e. the final thickness of the semiconductor layer is
more than 100 nm when using said etching solution. Under these

conditions, several um would be etched on bulk material.

The classical combination of hydrofluoric acid (HF) and nitric
acid (HNO;) likewise does not dissolve the silicon layer at room
temperature. Only increasing the temperature to about 50°C
leads to the desired result within seconds. Combinations with
weaker oxidants such as phosphoric acid (H3;PO4) or hydrogen
peroxide (H;0,) do not etch the silicon layer at room
temperature, and do so only very slowly at higher temperatures.

Conversely with strong oxidants, for example chromic acid, full
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| eads to the desired result w thin seconds.
Conbi nations with 30 weaker oxidants such as phosphoric
acid (H3P04) or hydrogen peroxide (H202) do not etch
the silicon |layer at room tenperature, and do so only
very slowy at higher tenperatures. Conversely with
strong oxidants, for exanple 6Eronic acid, full 15
erosion of the silicon |layer is possible within an
extrenely time For parti a chln of t.he
e R heR Bhar Eager i PP ar BFe 25 PSAPE B Fe "areRante rgremely
sheeededmeSui t abl e etchants nust generate a band shift
in the functional |ayer, such that the flat band
potential in the functional |ayer is preserved. For the
S Sti-0 a uor ( E
Fofobahtr bl st ardgn bt Pher Ehebt o ark et FEERE TS
sukpgphet B8thafabsNEME ﬁ@ledte'donsahthaieﬁé@hhﬁﬁt% Fhuewl y;enerate a
than an HF solution. For the thin silicon |layer of an
bamgy shiferint Bhe fenationshi paves. r sWehsehatt sneafigs mand
poEQhEga§C£ léﬁgrfu#gkﬁbﬁg e&%gEleerE§§ $@eé few nnim n
can be achi évéd a roon1 rature he "di f f erence
bet ween an annonlun1fluor|de solution and a hydrogen
fluoride solution - besides the different cations - _
Fo¥ e&h@eSOf N RETBHL Bf ARELIBRUt PBACONAHMHE LYBIrdEeo NHaE) als 2

sugﬁgﬁ%g %??#én% a@go ﬁgﬁéE 89'Bhg&” Dag .3 EH %E 3oyt um that

er ent valuel 0 a s in"the
an CheH C@:l»leﬁtc&nte@d:héé huleh NhidFe SDbwily ornhazm anelm"l eoltoion.
the HF solution. Fromthe literature, i s known that

FO¥ hehgahldi Bedl hgoRnlaVEFceh arlséwawaé@r | ERé&r Wlwttlﬁnshlp
1stP§vﬁfEeJhefSPeg1§§b pet ent bﬁ's@% %Qﬁayﬂ4gn%§9%qt g@hlng
mat t he

es the potential of t ban ihg o
rasési cbnaofevhemfunnt canabel agkd ebetit et rbam theperature.
potential of an HF solution does. At the sane tine,

the reaction takes place nore slowy and only a few

Thd 04 £Br8FEnDECHELWPER YA bhrkbABum fluoride solution and a
hydrogen fluoride solution - besides the different cations -
resides in the pH of the solution. An HF solution has a pH of
about 1 and an NH,F solution has a pH of about 7. The different
pH value leads to a shift in the chemical potential of the NH,F
solution in relation to the HF solution. From the literature,
it is known that the band bending in silicon also varies
linearly with the pH. The chemical potential of the NH,F
solution matches the potential of the band bending of the
silicon of the functional layer better than the potential of an
HF solution does. At the same time, the reaction takes place
more slowly and only a few holes are needed per unit time,
which leads to a smaller space charge zone width in the
functional layer. The flat band potential is maintained in the
functional layer (Fig. 6). The etching of the functional layer
therefore takes place similarly as that of the bulk material.
In comparison with the etching of bulk material by an HF

solution, however, it occurs much more rapidly.
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which | eads to a smaller space charge zone width in the
functional |ayer. The flat band potential is maintained
in the 30 functional layer (Fig. 6). The etching of the
functional layer therefore takes place simlarly as
that of the bulk material. |In_conparison with the
etching of bulk nmaterial by an® HF sol ution, however,
it occurs rmuch nore rapidly. 16 Adjusting the pH
provi des the opportunity to optimze the effect of the
etchant further. For exanple, the pH and therefore the
Adetshing tate HaﬁrBQiMé%iQﬂebbpgb&kﬂﬁiH§ and o mi%e the
sol uti ons. Tﬁe effect of the pH on the etching rate was
effeqti ed thet Atrhensi fusthgrseFoas eghmpiley uktds PEIENCr om
a_b% str th ._solution_and a_ 5%.st.rengt h NHF
e P E s St PR Te b P Ut Pange" VPR EpHOVArES et Hedhd N
solu@nénd . caneberadiusbedthy pEAans ehedetternent raicel RGs studied
rati os W thout thereby affecting the 10 concentration
wiph thaoridecfonssesOrswaferndxhaveagmadsi firegna bPgyetrength HF
soTﬂﬁﬂognahglglgg gplcgngﬁsN EFlgOigglggyngéChgge%% égfutions,
BLc ing sol utions thug pr o ticed respectlveTy W a
alli phevgntespbletieenaldehiingdchihmBe( 8dAliBUEEShy TR@ns of
‘tenperature was kept at 25C. Fig. 7 reveals an
digkpbeent Pakingsearhophwishentnghaspbl affsctingniiew th
j i ng-pkH, L . es d n xponenti.al.
o R " DR nTh £ SR BRE B e s R BER &b B con
lay@axi wuphofnl2nnot Al nthsckaaebeds abbhawmghet-bi stahydalisothe
be increased further by changes in concentration and
et¢lohper afPlrelonghehrgspsAgECEd  arprPSAFiveily WhEReRoMd fferent

th eve : t O,te n Lk

oK nra T 0T 800 B (b oRPATRES) " THE FRRBePhsdbguas Kept at

25shi freg. im faveslef an erpohenniwit hisendni uhe tkubhindedepth d
_An HF- NHAF solution is therefore capable of eroding

(impamy UhEER ofal 1Rayersandr BBm vehper 6PGFESRPIASaRC an

exAFhSE 2] €r; gLehhngnLabecRinfr ke §9eh2cAAT BN FE2 pH=7 a
maximum of 12 nm/min is reached, although this may also be
increased further by changes in concentration and temperature.
The response to a pH shift is therefore the reverse of the
response in the case of bulk material. The redox potential at
the interface is shifted in favor of a reaction with ammonium
fluoride. An HF-NH,F solution is therefore capable of eroding
the functional layer at room temperature with an adjustable

etching rate of from 1 to 12 nm/min.

When the functional layer becomes thinner and thinner with
continued etching, the same effect as was found for
hydrofluoric acid finally comes into play: the number of charge
carriers remaining in the thin functional layer become smaller
and smaller, so that the band bending also becomes
progressively weaker. Associated with this, there is a shift in
the redox potential at the interface. Owing to this shift, the

etching rate decreases until reaction with the ammonium
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When the functional |ayer becones thinner and thinner

with continued etching, the sane effect as was found

for hydrofluoric acid finally conmes into play: the

nunber of charge carriers remaining in the thin

functional |ayer becone smaller 30 and smaller, so that

t he band bendi ng al so beconesl7progre53|vely meaker

Associ ated with this, there |s a shift in the redox

potential_at the i nterface. to this shift, the

fl‘é%h‘ii%gs%‘tl%la’écF%a%@slaﬁﬂﬁ-’ P@ﬁ%f-%ﬁ wi th the ammoni um

17 fluoride solution is no | onger possible. Studying

the etching depth on SO wafers as a function of the
Stm@@nmgomhéieEchanidﬂpthhbs hgpowhEsks. aki g. f8nction of the

represents the et chi depth d éln n after various
reateh?hgt tPResOrot FlRet Bé thﬁFPﬁ eR-sflPcof FEREFSERES the

rq h 0 S
co B RatOL A1, TIR BAETAPRCOUAL O SORIBES that pr cne 200

nmaﬂhE@bssbkﬂEbmnlhyarpbﬁoénSSGI héeet clihagetehpepgatoiation

was kept_at 25C. A cl | inear de endenc of the
CO%%%‘?%goﬁoad%b%EuBﬁ t 1PéaEFF‘6ﬂ9Fﬁn%q‘&ﬁﬂ eHEeéﬂd 10%

st #dd h s depths ofty Eaﬁrplrtg'i('a{]'?}?lé/f D Mg excaeded adhSerature
an etching tine of about mn. If the initia

wagticdpnat ate°derd cbese bxneapoﬁapeddenthenfthbeeatbheng
100 nm t hi ck sem conduct or er shoul d be et hed. away
Gegh o A ERE R SR nbLOF 807 bR, SRBReVERLIA RhiDTE Co
apé&&ifﬁ&kéﬁ%eﬁSrﬁﬂai§3e§¥§@d@ﬁtQf@@reéﬁhéBQhEhQEtQRelg@ about
mn, ich can be seen fromthe fact that the oxide is

60rmnnat1%ck@© inftgal 9etdesengbesteheedeved opaeaktoéprhated,
et chi ths as a, fun ion_of _the etching

e g it 08 PR s Ep Bt SEPTPEROs "b3v8t nPii-ARbe

et SIed CORNKICE PF ek AYBT et ¥RL B WRLE 8EC@@dm1MAtﬁo%Q§e§|daOEhln
et chi ng sol uti ons having different pH values. The pH

siligeresl afer hecrea th$ ngvenl witbnanwerehies p@cmev@fyloo min,
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Fig. 9 describes the development of the etching depths d (in
nm) as a function of the etching time t (in min) for SOI wafers
with a 2200 nm thick semiconductor layer, which were etched
with the aid of etching solutions having different pH values.
The pH values of the etching solutions were respectively
established by mixing 5% strength aqueous HF and 5% strength
aqueous NH,F solutions in suitable ratios. The temperature was
kept at 10°C. It can be seen that the etching action decreases
as the etching time increases, i.e. the etching rate decreases
as the thickness of the semiconductor layer decreases. The
etching depths tend toward different limit values as the
etching time increases, i1.e. different final thicknesses of the
silicon layer can be achieved with a different pH of the

etching solution.

This property of ammonium fluoride solutions may be employed as
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25 kept at 10C. It can be seen that the etching action
decreases as the etching tine increases, i.e. the
etching rate decreases as the thickness of the

sem conductor | ayer decreases. The etching depths tend
toward different limt values as the -etching tine
increases, i.e. different find thicknesses of the 30
silicon | ayer can be achieved with a different pH of
the etching solution, Thisﬁgro erty of anno?ium
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adjusting the pH 5 Fig. 10 shows the way in which an
PHSO wafer with an initially 100 nmthick sem conductor
| ayer can be thinned in a controlled way. An aqueous
etching solution, in which a pH of 4 was adjusted by
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the semiconductor layer is reduced to a final thickness of

about 50 nm.



whose redox potential is adjusted as a function of the

material and the desired final thickness of the

sem conductor layer, so that the naterial erosion per

unit tinme on the surface of the sem conductor |ayer

due to the etchant becones |ess as the thickness of

t he sem conduct or | ayer deCQ@ases and is only from O

to 10% of the thickness per Second when the desired

t hickness 1is reached, and wherein the nethod is
Pateht i(¥F 0 without the action of light or the

application of an external electrical voltage. 2. The

nmethod as clainmed in claim1l, wherein the seni conductor
1. layerttoat afos oeduorngorandubshagerszwhgchihar ethickness of a
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2. The method as claimed in claim 1, wherein the semiconductor
layer contains one or more substances which are selected from
the group: silicon, germanium, silicon carbide, III/V compound

semiconductors and II/VI compound semiconductors.

3. The method as claimed in claim 1 or 2, wherein the redox
potential of the etchant is adjusted via the composition of the

etchant.

4. The method as claimed in «c¢laim 3, wherein the redox
potential of the etchant 1is adjusted via the choice of the

constituents of the etchant.

5. The method as claimed in claim 3, wherein the redox
potential of the etchant 1s adjusted via the concentrations of

the constituents of the etchant.



| ayer contains silicon and the etchant contains one or
nmore fluorine conmpounds. 9. The nethod as clained in
claim8, wherein the etchant contains hydrogen
fluoride and a fluoride salt. 10. The method as cl ai ned
inclaim9, wherein the fluoride salt is amobnium
fluoride. 11. The nethod as,glained in claiml or 2,
wherein the sem conductor l[ayer consists of p-doped
silicon. 12. The nmethod as claimed in claim1 or 2,

6. wirei mated sem contRigt el | Hyerciasin hed fundidiongl the redox
poé égaOfoenﬁﬁgTé¥gﬁgnt ? E@%egﬁﬁﬂgg %@‘4@%”??,{%&8 wherein
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theon dhesitdacend tde sew ca@du@&@mehayer ofdugehéo dthehant are
etchant is fromO to 1 nmwhen the desired fina

sekqfit@chdss 3¢ welachlag PH of the etchant.

7. The method as c¢laimed 1in <c¢laim 3, wherein the redox
potential 1s additionally adjusted via the choice of the

temperature.

8. The method as claimed in claim 3, wherein the semiconductor
layer contains silicon and the etchant contains one or more

fluorine compounds.

9. The method as c¢laimed in c¢laim 8, wherein the etchant

contains hydrogen fluoride and a fluoride salt.

10. The method as claimed in claim 9, wherein the fluoride salt

is ammonium fluoride.

11. The method as claimed in <claim 1 or 2, wherein the

semiconductor layer consists of p-doped silicon.

12. The method as <claimed in c¢laim 1 or 2, wherein the

semiconductor layer is the functional layer of an SOI wafer.

13. The method as claimed in claim 1 or 2, wherein material
erosion per unit time on the surface of the semiconductor layer
due to the etchant 1is from 0 to 1 nm when the desired final

thickness is reached.





