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planarization technique such as chemical mechanical polishing (CMP), providing a’

planarized substrate having a pattern of copper-filled conductive paths.

While methods for efficient copper removal are desirable at various stages of |
semiconductor device fabrication, conventional wet copper etching techniques have
not been widely introduced because they generally could not be successfully
integfated into semiconductor device fabrication processes. One of significant
drawbacks of conventional etching chemistries includes their anisotropic nature.
Anisotropic etching. leads to preferenﬁal etching of copper in one specific direction

and/or preferential etching of one type of grain orientation and, consequently, leads to
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and/ or preferential etching of one type of grain

orientation and, consequently, leads to i1111111iir
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_ Suitable oxidizers include, without limitation, peroxides, permariganates, '
persulfates and ozone solution. Hydrdgen peroxide (H,0,) is a preferred oxidizer in

many embodiments.

In some embodiments, the complexing agent used in the formulation is a
diamine. Examples of suitable bidentate diamines include ethylenediamine (EDA,

H,NCH,CH,NH;) and N-methylethylenediamine (H;CNHCH,CH,NH,).

In some embodiments, the complexing agent is a triamine, e.g., a tridentate

triamine, - dieth_ylenetn'amine (H,NCH,CH,NHCH,CH,NH,).
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These and other features and advantages of the invention will be described in
more detail below, with reference to the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A-1C present a schematic illustration of cross sections of a portion of
a Damascene structure illustrating exemplary processes in which isotropic copper

etching can be used.
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‘Semiconductor substrates” as used herein refer to substrates containing a
semiconductor material (e.g., Si wafer or a die) at any stage during processing of such
substrate. The semiconductor substrate may include a variety of materials (e.g.,

dielectrics and conductors) deposited thereon.

“Isotropic etching” refers to removal of copper at substantially similar rates in
all directions and/or to removal of copper at substantially similar rates at all grain
orientations. In some implementations, isotropic etching is characterized by little or
no surface roughening of copper during etching. Surface roughening can be measured



no surface rougheni ng of copper during etching.

Sur face rougheni ng can be neasured 4 by neasuring

surface reflectivity prior to etching and after a
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removed by the complexing agent of the copper etching composition. It is noted, that
advantageously, in some embodiments, etching compositions described herein do not
form a layer of copper oxide resident on copper surface, but instead afford a-smooth .
oxide-free copper surface having high reflectivity (e.g., reflectivity greater than 120%
(relative to Si surface) after 5,000 A etch, and with reflectivity decrease of less than
about 10% per 1,000 A of etched copper). Thus, if any oxide is being formed during

the etching reaction, it is immediately removed in sifu, such that an additional oxide-

removing operation is not required.
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provided compositions operate) acidic pH adjustors will be predominantly present in

6



( CHANHCH2CH2NH2) , di et hyl enetri am ne

( H2ZNCH2CH2NHCH2CH2NH2) , and tri s(2- am noet hyl )am ne
(N(CH2CH2NH2) 3) . M xtures of bidentate, tridentate and
quadri dentate am nes can be al so used in the etching

to e o1 0ens iy S ER o iR SRieP Bs B i splytons
cogmpoising switnt agd? istods lh@vprctgd wep pohtigh comptisiog ihe appropriate
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substrate. Spraying, in many embodiments, is the preferred method of delivering the

so ution onto the

etching composition onto the substrate. In one exemplary implementation, the etching
solution is sprayed from a nozzle that creates a line of spray across the surface (so-
called “fan-nozzle™) onto a rotating substrate that is rotated (e.g., at a rate of between
about 20-200 rpm) at ambient temperatures. Generally higher temperatures can be
used to increase the etch rate. In some examples, apparatus for applying etching
solution include those used for many EBR (edge bevel removal) or SRD (spin rinse

drier) applications. An example of a suitable apparatus and methods for its use are



about 10-12. The etch rate for the described etching

conpositions decreases at high pH, and etching can be
shut down at high pH by introduction of a suitable pH
adjuster (e.g., an OHcontaining adjustor). Suitable

deg‘gﬁgf’g ){?ﬁherqﬁ YR atéc'ntI % |6%§ 98?] ?:{su?ﬂgk%lbgr gbg{% Mayer et al.,

suc erranst
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OW‘?{aﬁFWeg’@ﬂph&aﬁM Hpyeaciosrticl es and do not rely on
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Hpbgsﬁt)ﬁshar{c?ﬁ)&hoag‘mé gﬁﬁlc%mw& tg&%ﬁﬁfcﬂtdéé telgﬁ% fabrication of

'ying et.chin tron’ 1 ng ose, us or man

sempRfuefe dayacss| awwyr-é edsfaatyre MihrWidths ofgiessethpn about

408[ph, i @ twidd GariefNo LappliPdtRond be @onduhfegiated ohiepR (RY) Usbrasation.
met hods for its use are 7 described further in US

P Pl AR SRy b B S

. inpges @bpmiding @tseralcondusptqrﬁébstraitmcmr@mgearmenmu@, and (b)
cofifab i) the SObPr reFioN BV e REHENEorhpb sﬁ%t &@én%’dtﬂéréﬁ‘e{n some

strate _usin ncotac or |nat
| eﬂfsqqgml?rg%\éﬁs% an *gmféﬁ @é@@? PHelg lesctﬁ?r- ﬁ}f‘ile&fﬁa@m 1, ﬁgerz,ca?ﬂ (ie.,

thé eatel € dtchingais Wicieated af reﬁafdnebstsﬁomiud) by incseRingahel pEt of the

eIy o SR e BRI s T e presence

of exposed dielectric. Further, the described
conpugires o1 €aprayéde) sxemplary supsscsertienabt Ghive gofofDamascene

stra@RRE in! WhiktR tf,rwl&aﬁ@@ﬁn fm&hbdsusinObe usw rplgﬁe ey ﬁl salnes a

tantalum and/or tantalumnitrid ano

| stré&%?@lpr@e%a Agpstrasnisters-ohdieleeisicy é‘PYIVé @é?ﬁ'ﬂ&ﬁéé«t $RPper-

ﬁl&dh@&ds@ddefe@t@i’@l 18I AdayeppP ebppw @Kzatbnﬂieﬁ 109 refiadst dvak lthe field
reggg)n %?'ﬁ?e se&b%erter g%}/necgnl}ennsf% 10n t Barrier layer 105 (e.g., tantalum

- and/or tantalum nitride) resides between copper reglons 109 and 111 and the substrate

region 101. In one embodiment, overburden 109 can be completely or partially etched
by contacting the substrate with an isotropic wet etching solution provided herein. In
some embodiments, a planarization operation, such as CMP or electroplanarization is

performed before or after wet etching.

Figure 1B shows a substrate, obtained after removal of overburden. The

| diffusion barrier layer 105 is exposed in the field region and copper layer 111 is
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It is understood, that the use of conpositions for

i sotropic etching described hereinis. not limted to
the applications nentioned above, and can be enpl oyed
in any application mhere i sotropic etching of copper

exPresteﬁeZstlh(ezi‘dtopv\v}I th% E e gﬁé& cg)e%gjed ?e%m%? ob sgxplg mnlgodlments

are  parti cu advanta eous use ur ng
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fi d ed he odi ngnt s,.
mERERGAL! 08, SRR LS, (hBARGRLO TR Simpro
elactramigration xsrogcrenwfedte(qoneects the rate of et ch| ng is .
decreased or reaction is stopped) by increasing the pH

of PR unBLisidbA that Ahehide VT 1!&1'0910 et&ﬁng"gghﬁ&l@orﬁ%ﬁbﬁdéﬁ'herem

j,ustar) gures | A- provi de exe
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_ prclzclglssuﬁ(t)vrvgt(egg efa)l‘éeéf":‘ﬂr gx§: tet% 121&01& agjﬁlsé %é(gsa (? %t rh eF%rO g‘xample
. prévidddecichantesmebe figdt torremo¥d unahtag €oppsf fump pége region .of the
seﬂYc%BM&esﬂbgt&?% of Hofifife BAKsidet cld Eholhract c01 O 0f the
- substrate. . in con or N Usion barrier | ayer
\Ef%‘@ ‘tantalum and/or, taptalumnitride) resides
bet ﬁmeeleialeﬂeﬁaégl@ngroyo@daﬁ@hlﬁzlccaﬁaosetms ks mpeghads are
des2Bed®in the FolldwingB&tioibodi ment , over burden 109 can be
conpletely or partially et ched by contacting the
substrate with an isotropic wet etching solution
provided herein. In some enbodiments, a planarization
o eration, such as CMP or el ectroplanarization is
RIMENTAbef ore or after wet etching. Figure 113
shows a substrate, obtained after renoval of

A B)EpdEbA 6ligalds in ippbtitiing bemposifiodsayer 105 is
exposed 1 n the field region and copper layer 111 is 8 -

- expo t, the 1 hled 14 e
 Foneh planit Lol Apd AlImEL oS gk egB ISR Y ves etched
usmglamarmt}sofpm\ataimg tcenmsrtlooa nTImeﬂmtlwonn@smemntsmé copper
rg bk fBIQnefrtli t re Anf %ﬁ&sectcﬂlfg glhf?vg b%{u 4dolnm and

'Se, eCtI y | presence, o arrler .ayer
are| gigen ) PHERNt r@@fe\rﬁ tagiligea syrfageudie rﬁolhawflg enugoyy selytiers were

testdd’ ffoyﬁlelr%bllhji‘toSétElhléépfkﬁ‘xsﬁﬁ liya Figure 1 C which.
illustrates a recess fornmed in the top portion of

S ARREh bl To B bk obRE pif o AT, enodi ment s

This_solution exhibited a very high etch rate of 4600 A/min, and also exhibited
excellent isotropic behavior. Reflectivity of copper surface was 131% after etching
(134 % prior to etching) per 6900 A removed. '

(b) Glycine (0.066M), H,0, (1.06 M), pH 8.9, 20 °C.



contai ning cap) by, for exanple, electroless
deposition. Such capped copper interconnects are
desirable in some inplenentations, as they inprove
el ectrom gration properties of interconnects. It is

TlHngq{lt% 8811151&% ettghe 2 ? 1(3;30 A%l% arﬁ)f lg(ft?crp‘%clz1 i)%rh%wotr Tl%eheéch rate
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prg;r%:é@ﬁﬁg ﬁg}q\ogg,AlP%%&Jed i sotropic conpositions can
be used 'n a variety of contexts in Danascene process
flows (e.qg. ver etching in y cqontexts) and
(béwfanm}i@?wé 5 @ &gﬁmy wegpewan{ésplé&ré B8 Gsed to
renove unwant ed copper from edge region of the
Thie bive pHO(cidiv) esehisg scltitton exhibitsoan étole rova ok 9842 Adid, R wever:

cogggssUff’élée wni'i:')ﬁggnﬁl Oﬂ rqg}gﬁgi wg Iafngd a%tmp %8}‘ 1|1$d %getfﬁgnw gf copper

esScCr
suffe¢d was only<d & afer. etmmwemr td\etcbmghperskﬁﬂo% removed. A’

matt 8RRk Bb&Prgaer et ching conpositions A bl anket
coated copper filmlayer was first deposited and then

s etched wusin variety of wet etchin
(&} B Greite (hOSOU H (OIS AL of copper
surface were performed before and after etching at a
- Thiglewepigt étcliihg 3d0hiﬂion4&ﬂnlblm axlﬂd:tchalhﬁe PV ET63 A/PeA, ClﬁfWever a

Ia ve Lo siljconesurface. 0

e KRobd Plide; SHRH' FBF e puafid A A AT erching.
' Rafbppvaty oﬁcﬂpp@p surfdce ywas(aly Bi8Yy afereciching (€34 % PBGMp, etching) - -

e{.—@p&% ,ﬂ pH 8.9, 20 C This. solution exhibited a '
very etch rate of 4600 A/ i n, and al so exhi bited
excellent i sotro hehavi or.. eerct|V|t of copper
(s e o) b 0. 2o duringen parsds, B Beh 20 50

etching) per 6900 A renpved. (b) dycine (O O66I\/p -
THi&zhiag solGtidd extpbitBardetciPfateCof oy Th3 &/mi, hbweverenbpdmstlﬁace o

wif B Aac Y ocl B Hﬁpﬁﬂ@f&@ GBRUEy BEBReR burtet8Suas
528 ppfirsretahing @34 YaproritaGighire) per 4A9hiremovedad % prior to
etching) per 1053 A renoved. (c) Anmoni um persul fate

() AmBHEMm h okms(@q&;MFeHz@gl(ﬁe@mkbﬁg@ 286¢cC. This | ow

pH (aci dic etch| ng sol ution exhibits an etch rate of

T tighRe b tigs SHRPE mBRRRRE o DA o ey sommyr gprface

withordérows wxideceaswaigaioed yitGidwlahg. dReflebtvityngf ¢dppér Sorface was o

6805 heedr eic‘i‘ur?gt d @h 99hriBtEh ef'cﬁ‘/'h%) éerr ARYEoved.
(g) EDTA (0.066M), H,0, (1.06 M), pH 8.9, 20 °C. _

This ethylenediaminetetraacetic acid (EDTA) containing etching solution exhibits an
etch rate of only 5 A/min. Reflectivity of copper surface was 135% after etching (134.
% prior to etching) per 5 A removed, indicating very little interaction wuh the surface
(i.e. little metal removal or film formation). '

(h) Citric acid (0.066M), H,0, (1.06 M), pH 8.9, 20 °C.
This etching solution also exhibits no appreciable etching at all.

(i) Oxalic acid (0.066M), H,0, (1.06 M), pH 8.9, 20 °C.
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matt finish was observed. (d) Anmoni um acet ate
(0.066M, H202 (1.06 M, pH 3.6, 20 C. This |low pH
etching solution exhibits an etch rate of 1163 A/ nmin,
however a red/brown copper oxide surface filmwas

bt ai.ned dur i d, af ing.,. Refl i vi f
N e U A
prior to etching) per 1163 A renoved. (e)

0)Axmmenumnpanctad (RESMD HaBs().06 MO, ply dr6edeiCper oxi de, pH
8.9, 20 C. This etching solution exhibits an etch rate
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Amoni um hydr oxi de (0.066M, H202 (1.06 M, pH 8.9, 20

A Sy JPhR 0SB P £eh Db of Ll i Bt

Figwe 20bt ai ned ' after etching. Reflectivity of copper
surface was 68% after etching (134 % prior to

It ﬁlcl%%&% @?Ht}%%én;%{l@é\bf#ﬁ?é g)}ll)E%A 2(191 H66M prd?{?t@both high
etching fotes andl asetrapicdehavie Yiramagine pdrwige anshaamanivg: salts lead
- to Gb@tE Rgffﬂ)dlkld @épofﬁ&h b?icbﬁp@%m@é§?1&@ ® Wgh ggfﬁceﬁoughness..
n,. kKe ectl.l VI (0] 0 I surtrt.age S 9 er .
BB A s S ilisyaid of 'nof SREH aRBRAER kbR s Superior

to ghydineas itrpyovidesysubstantialy gher athingmateai t h t he surface

(i.e. little metal removal or filmformation). (h)
Etdflihg sufiiisLohida6Mha 44d3%,d,1- 06 M .. pH 8.9, 20 C
ThI's etching SO ron also exhibits no appreciable

etching at all. (ti) Oxalic ,acid (0.066M.,, H202 (1.06
M), Arorpey filmgvas etehgd by sprayingangfcking selubipn gentaining EDA (4
g/lexth0ds 1Y, ol FsQy @20 il of 30%H 0y ,atr abbht. 1.9 O)) JAoreie substrate.

wacetate (0. 066M ¢ cH202, (1.06 M. pH 9. 0.C This
T A oA L B rbrbelfirbhyogfh e o oty 4500
Alinwe avas obpreed. After WO toff copred MarommaereddtheveBectivity was

_ , . i no hyichy of copper. surface
2Rl S B ng R SR O et ching) per

- 429 renoyed. A bar graph illustrati dependence  of
etch lrga&egl\ﬁ&ﬁtraé?%aﬁ&%éﬁ@ﬁi°£fwn?@n§ Abslens OPRPIRJ the spray.
etdhttimarlt & ieegln filiap abouted, WOVA weex fomuved i Bisdut AD0 yedobds. The
: am%rslglt gfl _éf&lleﬁ%oglge(%\filngz?rlybc?etpgn sI (gnhe spray etch time.

In another experiment pH dependence of éopper etch rate was studied. The
plot of etch rate vs. pH dependence is shown in Figure-4. ‘An etching solution
' containing 2 g/L (0.033 M) EDA and 30. g/L of 30% H,0, (9 g/L, or 0.47M) was
used. pH was adjusted with H,SO, or TMAH depending on the need to increase of
decrease the pH from the un-modified EDA/peroxide mixture value. It was observed
that at pH values lower than 7, coppér surface became rough and had a matt surface
reflection, and had streaks or swirls, and was generally non-uniform in appearance. At
high pH (above 11) the etch rates declined though the surface appear ed relatively
- unaltered (reflective/smooth). It was found that the preferred pH for EDA etch was
from about 7 to about 10.5, more typically from about 8.5 to 10.
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etching rates and isotropic behavior. Amoni um

hydr oxi de and ammoni um salts lead to formation of

oxi de deposits on copper surface and/or to high
surface roughness EDTA, citric and oxalic acids do

hl h EDA
o drgar e WSAREE LB rE ErEHistfe F st PO REREH Ry for o
SOhmoes:on‘atmhg E@/’s(ﬁ 067 andt bhOai( Hi-4Q gD atantixed pH fof 8 9. The
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etelyingy s@uigonst j qeptainipg aﬁ&meﬁn@xbédrpa@ht P?prﬂééip ewhergine EDA

coRernfiRBR raf ’_géaffrérﬁtIQO‘ﬂaé’Lsﬁ)Hﬂbﬁé@ pefd¥§de éﬂn@&ntpjtloﬁﬁ Fdhged from

rate vs. epende S sh
- abgptH) toyaboyt 4@ offand pkl valuss ﬁaglgsd gr/or_n l(:éo Eéé McaEﬂeAss%that in
all3fas@/the aiflecafice VAhEE2did Dopddereass bP mbrdhanasy. used. PH

was adj usted with H2SO4 or TMAH dependi ng on t he need

: |
T 1580k AEPARERahS REL LML LR OB LI
copi .4' HIA| ower than 7 copper sirface hecane rouah
and had a matt| surface refledtion, afd had streaks or}
| EDA Ebscentnationls gendd20Ry non; uni for m|i n affpChangee. |
At higgh) pH (3ovm ehll)atidirﬁ(gﬂl h r;ﬂl es | tastidcanstcd/1oogA) |

THe Sujiace appedl  caglg Ty Lt—;leu 111
C CTh VT STIPO WS
SRR NN VA L TR il
Y anh about 9 '—'\ to 10 )
|Iluqtzatpq et h ratpgapppndp1r‘e8(-1$1 the concefPration |

~of H202 for al soluti®f containi "¢3EDA (0. 067¥)4 and = |
H202 (20-40 g/|L) at &.9i xed pH ofl18.9] The d#¥ch rate |j
I's nodgrately jncreas9.gg as the a®uny of H20R4i s

I I ncreaged. FIgure 6 HblgiStrat ¢s” gigh fafe defegrience

Ot e CONCEentrati Oﬂ EDATPT SOl UII OII dl M :
A £ n4 Q. 3-9751\ N :%‘9 L4 W g

L1
oo 4

LA

concentration of EDA andincreases in near |inear
fashion with increase in the EDA concentrat| on.
Etchmg solutions with other complexing agents contammg an ammogroug

A number of solutions containing different complexing agents were tested.
pH was adjusted to 8.9 or 8.8 with TMAH or H,SOs.

(2) N-methylethylenediamine (0.066M), H,0, (1.00 M), pH 8.9, 20 °C.

This solution exhibits an appreciable etch rate of 1575 A/min and isotropic behavior.
Reflectivity of copper surface was 127% after etching (134 % prior to etching) per
1575 A removed.

(b) Sarcosine (0.066M), H,0, (1.00 M), pH 8.9, 20 °C.
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Table 2 illustrates changes of reflectance (nmeasure of
i sotropi c behavior) for etching solutions containing
EDA and hydrogen peroxi de, wherein EDA concentrations
ranged from1 to 8 g/L, hydrogen peroxide

THOsHIeMd XhiviRanleahaerd Jnom Aahgut 10 to about 40 g/L
and pH values ranged from7 to 11.6. It can be seen

(c} TalrineR0.06611), }qﬂw.obm%wé.ﬁcime val ue did not

decrease by fore ‘than 15% Table 2. Copper surface

%%ﬁ%ﬁ&ﬂ&%%&% rg{etozgii%/&%ikng with different

S conprising Concentration H202 %

n / t [ / pH
(d%ﬁeﬂ@@ﬂ@@{)%@ﬁi@zéﬁ(ﬁgﬁﬁsgﬁg%gl C29090754 2
9.9.8.1 3.9 29,9 8.9 2. 9.9 10.3 14.4 2 9.9
This sejution dpes Role it Gpreciblerc§yng . 9 0. 67 4 39.6 8.9

0.34 8 39.6 8.9 2.8 Etching solutions with other
conpl exi ng agents contai ni ng an am nogroup A nunber of
sol utions containing different conpl exing agents were
tested. pH was adjusted to 8.9 or 8.8 with TMAH or
H2SO4. (a) N nethyl et hyl enedi am ne (0. 066M, H202
(1.00 M, pH 8.9, 20 C. This solution exhibits an
appreciable etch rate of 1575 Am n and isotropic
behavior. Reflectivity of copper surface was 127%
after etching (134 % prior to etching) per 1575 A
renmoved. (b) Sarcosine (0.066M, H202 (1.00 M, pH
8.9, 20 C. 12 This solution exhibits an etch rate of
11.5 AAmn. (c) Taurine (0.066M, H202 (1.00 M, pH
8.9, 20 C. This solution exhibits an etch rate of 12
Al'm n. '

13



(d) Ethanol am ne (0.066M, H202 (1.00 M, pH 8.9, 20
C. This solution does not exhibit appreciable
etching. 13 CLAIMS Wat is clainmed is: 1. A wet
etching formul ati on conprising an aqueous sol uti on,
the solution conprising: (a) a bidentate, tridentate,
or quadridentate conplexin ag flf sel ected fromthe
group consisting of a diamne, a triamne, and a.
tetram ne; and (b) an oxidizing agent, wherein the pH
of H%ﬁget%hlng solution is between about 7 and 10.5
~and reflamaed iy etching fornulation is capable of
isotropically etching copper, such that reflectivit
of let cheld Vb sibings farmalation empRGINSRIC AquEalS BYlutien dhe solution
thaQ ﬁ%é%ﬁgr 1,000 A of etched copper. 2. The wet
etchin nulation of claiml1, wherein said
f or nu) atbidentdts tridemate) or qhadeidehtategcomplpdng agemtrsetcted from the
rate of at | east ‘about 1,000 A/mnute. 3, The. wet
etc tﬁr?&? ¢opsistingpf adiapines p diamine, apdrteiraming; end
for p f renoving at | east about
%{6)@15%%6@9@ fa’glﬁnl%gpsubst rate, w thout
[ ncrtha:pr of sher étabiag rsohgimnels sbeui'emnatemc Heahdc b feand wherein said

etk SiFpulion s cAPeHIe gt SGBHPIeSE Fshingcke R Bt reflectivty of

etd?l%ﬂ QEpsie M%e@notﬁ%@reﬁﬁtby‘%ﬁ%'t% 199 3 RDOPA d?fetched copper.
claim 1, wherein the conpl éxing agent "conmprises a -

di am ne. ‘6. The. _met etchlng formul ati on of claimb5,
~ Wwhergein t4 e di Ieast ne

et hyl ene g %

N- rr&:hﬁwlebmtuﬁﬁg doet Aan e(téiB@NJﬁdz @3 1,080 Z/mibhe.

wet etching fornulation of claim1, wherein the

conpl exi ng agent ~ conprises a triamne. 8. The wet

etching formulation of claim7, wherein the triamne

is iet hﬁﬂee%f etcRHgN forfrfdZNEh2GHRNATHR CHRNER) alg fpﬁﬂ@latlon is

wet etchln? fornulatlon of- claim 1, wherein the
conpiapatilagi agmmng at least about 1,000 A of copper from a substrate, without

increasing surface roughness of an etched copper region.

10, wherein said formulation is

4.  The wet etching formulation of claim 1, wherein the oxidizing agent

comprises hydrogen peroxide (H,0,).

5. The wet etching formulation of claim 1, wherein the complexing agent

comprises a diamine.

6. The wet etching formulation of claim 5, wherein the diamine is at least
one of ethylenediamine (H,NCH,CH,NH;) and N-methylethylenediamine
(H;CNHCH,CH;NH,).
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conprises a tetramne. 10. The wet etching fornulation
of claim9, wherein the tetramne is tris

(2-am noet hyl) am ne (N(CH2CH2NH2).3). 11. The wet
etching formulation of claim1, wherein the aqueous

sol ut.i on THeOWRY beRimgSofithiaiGriofriang BNEhé¥E B8dmplexing agent
peroxi de. 12. The wet etching fornulation of claima1l,
whereomprisefed Figmiag-ati on conprises a pH adj ustor. 13.
The wet etching fornulation of claim12, wherein the
pH adj ustor conprises sulfuric acid. 14. A nethod of
et cHi-ng clspevet cetphiagnforupasion; ofisclaim &/, pavhetedn | the triamine is

fabrj.cated sem ¢ tai ning a copper
eo AR B R RENE RO PP RS RN FREC Sl Ui ng The
~partially fabricated sem conductor substrate :
co i Si an ., exposed regi.on of . copper, and,(b . _
et chi'ng glg}fp‘é’Ft BHPR o%’glg{l?rhf’g cjym n‘f’féec,rF’inntﬁgt%?Elplexmg agent
subsdobiphiBedd feftaminget etching solution at a pHin a :
range of between about 5 and 12, wherein the solution

conprises. (i) a hidentate,.tridentate, or. e e
quadi: de h&téetc%aw% TRy atg?geqfc?@a bl W tstpagmine is tris
gr-oup-antinsdtisyl) Aginef{(NGCHL@IINIE,);)a triam ne and a

tetramne; and (ii) an oxidizer, and wherein

contacting the substrate is selected from the group
conglilst i nNidheovetsehand fogmulkationtof lelaim 1s ovherdin theoagueoushwlution |

r ot %Hg,gl i sSURYIE SPLM h Lide @Nd contacti ng
t he su stsrate vﬁdﬁmtnﬁe et cﬁ?%%&?g?da{“fleon inathin film
reactor. 15. The method of claim 14, wherein the wet

et chiang spieUivepRtchitig! fmulfRAPHT SR¥mal,Pihafdin $hed Formhfation
16. The .net h@_iggf claim 14, wherein the conpl exing

agerfP™P0prd S8 anine. 17. The nethod of claim
14, wherein the diamne is selected fromthe group

congjisst i 4 =Tty : . .
| e LN LA G, 13 i he, i s
whercemprisessSulfisric a¢ighi ng sol uti on conpri ses -
et hyl enedi am ne and hydrogen per oxi de.

14. A method of. etching copper—containing portions of a partially

fabricated semiconductor substrate éontainihg a copper region, the method

comprising: . | _

(a) receiving the partially fabricated semiconductor substrate comprising an .

exposed region of copper; and | .

(b) etching copper on the subétrat_e by contacting the substrate with a wet
-etching solution at a pH in a range of between about 5 and 12, wherein the

solution comprises (i) a bidentate, tridentate, or quadridentate complexing

agent selected from the group cohsisting of a diamine, a triamine and a
tetramine; and (ii) an oxidizer, and wherein contacting the substrate is selected from
the group consisting of spréying the etching solution onto the rotating substrate, spin
on contact, and contacting the substrate with the étching solution in a thin film

reactor.

15. The method of claim 14, wherein the wet etching solution further

comprises a pH adjustor.
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19. The nethod of claim 18, wherein the wet etching
solution further conprises a pH adjustor. 20. The

net hod of claim 19, wherein the wet etching solution
has a pH of between about 6 and 10. 21. The net hod of

cl aim 14 .. wher.ei he.c | exin ent JisS.selected .
1 oot o TFdtphed At LRI orterctf RO RhateXing gl ESmprises a
t et deemine. 22. The net hod of claim 14, wherein the

et ched copper region conprises copper overburden. 23.

The nethod of claim 14, wherein the copper is etched

at d7r at dhgfmethod |of £daimg hthywharegothedipmimg: is. sepestedrfrgm the
- et heshpfonsikiid b1 dthylehe ARkdind HEN Sh&thy1Blylefiediamine.
substa%?{allyg?%otrgpic. 25. The n2¥hoé of claim 14,
further conprising stopping the etching process by

I ncr@asi Mhetheth@dod tlair € 4yweitheric Hengetsabhihg eolutid® corhbfises
rretré d o% 1(:I "ilrixeme].r@% m@ereir%x'ﬁd%creasi ng the pH of the

wet Y&‘H‘. ﬁﬁm sol ut ygﬁ ggroll%rl S€s addi ng a basic

pH adj ustor to the wet etching solution. 27. The

1L NG Ofrng, Akhd e AR TR0 bl QR A6k | Ahi0 TG Further

Sprayl ng the.vvet etching solution onto t otati n
subspmariges aggl adjustor. |

20 The method of claim 19, wherein the wet etching solution has a pH of
- between about 6 and 10. -

21.  The method of claim 14, wherein the complexing agent is selected

“from the group consisting of a triamine and a tetramine.

22.  The method of claim 14, wherein the etched copper region comprises

copper overburden.

23.  The method of claim 14, whefein the copper is etched at a rate of at
least about 1,000 A/minute.

24.  The method of claim 14, wherein the etching is substantially isotropic.

25. The method of claim 14, further comprising stopping the etching
process by increasing the pH of the wet etching solution. '

26.  The method of claim 25, wherein increasing the pH of the wet etching

~ solution comprises adding a basic pH-adjustor to the wet etching solution.

27.  The method of claim 14, wherein the contacting comprises spraying

the wet etching solution onto the rotating substrate.
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