1 ETCHANT, REPLENI SHVENT SOLUTI ON AND METHOD FOR PRODUCI NG COPPER W RI NG
USI NG THE SAME The present invention relates to an etchant and a
repl eni shnent 5 solution for copper and copper alloys and a nethod for
producing wirings using the sane. Wien a copper wiring is forned by
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for producing a copper wiring using the same.

An etchant of the present invention is an etchant for copper and
25 copper alloys, and includes an aqueous solution containing: 14 to 155 g/liter
of cupric ion source in terms of a concentration of copper ions; 7 to 180
g/liter of hydrochloric acid; and 0.1 to 50 g/liter of azole. The azole includes
nitrogen atoms only as heteroatoms residing in a ring.
A replenishment solution of the present invention is added to the
30 etchant of the present invention when the etchant is used repeatedly. The
replenishment solution includes an aqueous solution containing: 7 to 360
g/liter of hydrochloric acid; and 0.1 to 50 g/liter of azole, the azole including
nitrogen atoms only as heteroatoms residing in a ring.
A method for producing a wiring of the present invention is for
36  etching of copper or copper alloys. The method includes the step of: etching
a portion of a copper layer on an electrical insulative member that is not
covered with an etching resist using the etchant of the present invention so



covered with an etching resist using the etchant of the present invention
so 2 as to formthe wiring. Fig. 1A and_Fig. 1B are cross-sectional views
showing a nethod for producing a wiri n& of a printed wiring board
according to one enbodi nent of 5 the present invention. An etchant of the
present inventi.on is an acidic type etchant that contains a cupric ion
source andafy Bf%hlg?’l%-d as mai n conponents. As the cupric ion source,
copper chloride, copper hydroxide copper 10 sul fate, copper brom de,
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concentration of the hydrochloric acid is 7 to 180 g/liter, preferably 18 to 110
giliter. A too-low concentration of hydrochloric acid results in a failure to
obtain a stable etching rate, and a too-high concentration degrades the
dissolving stability of copper and might cause the generation of reoxidation
256 on a surface of the copper.
In the etchant of the present invention, in order to suppress
undercut, azole containing nitrogen atoms only as heteroatoms residing in a
ring is added. The azole may be a monocyclic compound or a compound
with condensed rings. Among others, an imidazole based compound, a
30 triazole based compound or a tetrazole based compound is preferable, and
two or more of these azoles may be combined for the use.
Awailable imidazole based compounds include: an alkyl imidazole
group such as imidazole, 2-methylimidazole, 2-undecyl-4-methylimidazole
and 2-phenylimidazole; and a benzimidazole group such as benzimidazole,
35 2-methylbenzimidazole, 2-undecyl benzimidazole, 2-phenyl benzimidazole
and 2-mercaptobenzimidazole, for example. Among them, benzimidazole is
preferable.



preferable. 3 Available triazole based conpounds include: 1,2,3-triazole,
1,2,4-triazole, 5-phenyl-1,2,4 -triazolg, 5-amino 1, 2, 4-triazole,
benzotriazole, 1-nethyl-benzotriazole "and tolyltriazole, for exanple.
Anong them benzotriazole is preferable. 5 Available tetrazole based
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20 is uniform. As the cationic surface active agent, alkyl-type quaternary
ammonium salts such as benzalkonium chloride and
alkyltrimethylammonium chloride, for example, are available. As the
glycol, ethylene glycol, diethylene glycol, propylene glycol, polyalkylene
glycol and the like are available, for example. As the glycol ether,
25 propylene glycol monomethyl ether, ethylene glycol monobutyl ether,
3-methyl-3-methoxybutanol, dipropylene glycol methyl ether, diethylene -
glycol butyl ether and the like are available, for example.
The etchant of the present invention may contain a solvent other
than the above-stated glycol and glycol ether, a surface active agent other
30 than the above-stated cationic surface active agent and various additives as
needed.
In order to enhance the stability of the solution and to conduct
etching uniformly so that the surface configuration after the etching is
uniform, the etchant of the present invention further may include various
35 additives asneeded. The additives include’ a solvent including alcohols
such as methanol, ethanol, 1-propanol, 2-propanol, butanol and benzyl
alcohol, amides such as N, N-dimethylformamide, dimethyl imidazolidinon



35 additives as needed. The additives include: a solvent i , butanol and
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to such as cupric chloride, in which the concentration of the cupric ion source

does not exceed 14g/liter in terms of the concentration of copper ions.
A method for using the etchant of the present invention is not

25  limited especially, and available methods include a method of spraying it at
a portion of a copper layer on an insulative material that is not covered with
an etching resist, and a method of immersing an object to be processed in
the etchant. Furthermore, in order to enhance the wettabiltiy of the
etchant, prior to the processing with the etchant of the present invention, a

30  surface of copper or copper alloys may be wetted in advance with water,
hydrochloric acid with a low concentration or the above-stated
replenishment solution. Furthermore, air may be blown utilizing bubbling
or the like or an oxidant such as hydrogen peroxide may be added in order to
restore the etching capability of the etchant by oxidizing cuprous ions,

85  which are generated in the etchant as a result of the etching of copper, to
cupricions. A temperature of the etchant during the etching of copper
preferably is 30 to 50°C.



restore the etching capability of the etchant by oxidizing cuprous ions, 35
whi ch are generated in the etchant as a.result of the etching of copper, to
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compound with copper ions and an organic solution is preferable. When
the cleaning is carried out with an acid solution or a solution containing a
substance that is capable of forming a complex compound with copper ions,

25  the residual components including the cupric ion source (cupric chloride and
the like) in the etchant and cuprous chloride and copper oxide generated by
the reaction especially can be removed with efficiency. When the cleaning
is carried out with an organic solution, the residual components of azole in
the etchant especially can be removed with efficiency.

30 When the acid solution is used as the cleaning fluid, pH of the
solution used preferably is adjusted to 4 or less by using hydrochloric acid, a
mixed solution of hydrogen peroxide and sulfuric acid and the like. A
preferable temperature of the cleaning fluid in that case is 15 to 50°C, and
preferable cleaning methods include spray cleaning, ultrasonic cleaning,

35 immersion cleaning and the like. When the solution containing a
substance that is capable of forming a complex compound with copper ions is
used as the cleaning fluid, an aqueous solution containing 20 to 200 g/liter of



m xed sol ution of hydrogen peroxide and sulfuric acid and the like. A
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substrat e eexhnaicthiardgresaviasinbée, dor shampldie As thnatching rédist, presist
I nvent ben i . - I I fd.n tt-ern_progucin
nmet hodge uirfgcé{rigﬁ% %gé C%gggéggg& gﬁqﬁaeﬂr@ﬁgir%‘%s{sg’ %rai}a%togge%nr f’ﬂa %B%gﬁf havi ng
a fine andirdndngw single paxarcofmickel or a plurality of metal layers, e.g.,

nickel/gold are available, for example.

Furthermore, the etchant of the present invention is useful

especially for producing a copper wiring of a substrate on which
25  semiconductor chips are mounted directly, such as a CSP substrate, a TAB
substrate and a buildup substrate.

When the etchant of the present invention is used for the
above-described wiring pattern producing methods, undercut can be reduced.
Therefore, a printed wiring board having a fine and dense wiring pattern

30 can be produced with an improved yield.

Fig. 1 shows cross-sectional views of a method for producing a wiring
of a printed wiring board according to one embodiment of the present
invention, where Fig. 1A shows a cross section of the printed wiring board
prior to etching and Fig. 1B shows a cross section of the same subjected to

35  the etching. In Fig. 1A, reference numeral 1 denotes an electrical
insulative member such as a so-called glass epoxy base material in which
glass fiber cloth is impregnated with epoxy resin, a so-called phenol paper



30 can be produced with an inproved yield. Fig. 1 shows cross-sectional
views of a nethod for producingaw’ring of a printed wiring board
according to one enbodi nent of the present invention, where Fig. | A shows
a cross section of the printed wiring board prior to etching and Fig. 1B

shows a crgss section.of .t.he sane.subjected to0.35 jhe etching. In Fig. 1A
ref erence ReVeriAteR é%é‘fbégbgﬁpﬁb%‘c@?%nat‘?‘%%aﬁﬁwlé@mraﬁﬁ o5 a

so-cal | ed gkm%epoxybb&sm_ataﬁeli@hrhﬁﬁm'xﬁidﬁﬁlbﬁﬁ%nfw&%nbabﬂihsLS Al in

[ t it xy..fesin, a.so-calle eno aper. ase materi i
uny chpapormp bR itk ERony efifna ARt FIE 3 G3aTe basC Half it cpoxy
oo nate.rR@fenelnc. ' Ifaillard?otéscgebp. o asgerfrlg?e?}éml}ﬂes aglﬁrence %&ngr :[alh 2
epoxy rgsin, polyi e ] ] .
dgno%/eja copper éfar%%ma]ﬁdﬁ] lsc’r'gg’h%’f%ﬂ%nl%]@h‘ihﬁgm}-egﬁgmveg%’ §_tPcRKH°Pn Fi g.
Lﬁ\ and Fi g2al8ge Fagth® (pfrtéaemp?en]@m!mm the p%/actmmi %Eddtﬁsﬁgfn?asrﬁé% of

t he copper r r

cover egpvvi F%W’%e@t‘%ﬁ?%%ﬁ%e éggﬁsngle{%#et gi %/ﬁ ?Lﬁﬂgﬂbgnﬁé%%%e descri bed
etchant of aberee-gesdhad ¢tobent phthespressnt nventinmsoas tofpr a(Gringitg. t 1B) .

I n thi t ' A | Lffere ween a
wdth v opy Tap T i this sifp PAEREne GBS ph8ben ultelBhr R ieledd® OT o
of thel® rbaigveen a vadth Weofia yop pertioreof Suuwidng deudp vasth Weotahaseer ,

the presené)’fﬁbkﬁﬂft&‘“ﬂihg4b(‘f.eq€(%r—W8}ifz§/EP¥)§ 3 dically by way of

exanpl es. ese exanples are showi nere or 1lTustrative 15 purpose, and
the present“¥HYBHfi% on is not linted to these exanples. (Exanples 1 to 9

and Conpar ati ve BxesplaftertHedpdetPIRRASHnSwilNHE ﬁ@&&%éd‘m@@lsﬁgdﬁcﬁﬂ 2

were m xed, S0 as to prepare, etchants of Exgnples 1 o_9 and Conparative
Exanpl es 1°Y && O’{-@?"‘E\lﬁgst h&hegs examplesAr Elqrei!’aff_raﬁ%@@if#‘fﬁc gravity
of 1.1 (apuﬁ;&ﬁeg?dmlﬁeép?e%tdnkidﬁﬁbﬂﬁs hEﬂljﬁiii:éﬁ\thﬂ%et%@tdﬁ:&gm?Es.55ol .
Meanwhi | e, ~£0ppe 1l a0 m in thickness attache 0 a gl ass epoxy
base mat erg%f‘ﬁ%&&-]gw an]gr]‘g%‘ﬁé’@ﬁa‘ﬁ\}e E}F‘f"ggﬁﬁs éﬁ’g%)cal Co., Ltd.) so as to
prepare a copperConpdnehtimhtateiiaskabled &ring 2 fxere piixod ad a&ﬁolmgbf@(rjd%)
and a dry fi ' f i I ckness. NF P 1 r.oduce y
poani Cnentefafs 3t Ealioles Li8Y dhd CofiDEaRt Rt d 183 HeBd Hie | ng
pattern wietechantiofExampledalead 2 sp2Gificig@avity(of bl 2ifat 4G°C3 dridhen was 25 m and
a_spacs) DetiRalohl RERCHRA potentihl WF¥50 VIS MeahHAAL, EHd e foll BF 185A2N ©
indicated | n_Tables 1 an .

in thickness was attached to a glass epoxy base material (GEA-67N

produced by Hitachi Chemical Co., Ltd.) so as to prepare a copper-clad

laminate (base material for printed wiring board) and a dry film resist of 15

pm in thickness (SUNFORT SPG-152 produced by Asahi Chemical Industry

25  Co., Ltd.) was attached thereto, and a wiring pattern with a line and space =

25 um/25 um (a width of a line was 25 pm and a space between lines was 25
um) was formed. Subsequently, the etchants indicated in Tables 1 and 2
were sprayed under the conditions of 40°C and a spraying pressure of 0.15
MPa so as to etch the copper foil, whereby copper wiring patterns were

30 formed. Subsequently, 3wt% of aqueous sodium hydroxide was sprayed
thereto so as to peel off the dry film resist.

The thus obtained laminates each were cut and the cross-sectional
shape of the formed wiring pattern as shown in Fig. 1 was observed to
measure the difference (We—W1) between the width (W) of the base portion

35  of the wiring and the width (W) of the top portion. The results are shown
in Tables 1 and 2.
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10

As is evident from Tables 1 and 2, the differences (W2-W1) between
the width (W2) of the base portion of the wiring and the width (W) of the top
portion in Examples 1 to 9 were smaller than those in Comparative
Examples 1 to 3, and it was confirmed that undercut could be reduced.
Thereby, a printed wiring board with a fine and dense wiring pattern can be
produced with a high yield.

Herein, in addition to the formation of a wiring on a printed wiring
board the present invention is applicable to various wirings as well, such as
a wiring on a glass board, a wiring on a surface of a plastic board and a
wiring on a surface of a semiconductor.

oride

ol e



Conp. cupric chloride 150g/liter Ex hydrochloric acid 50g/liter (as HC)15 3
.1 on-exchanged water renai nder As is eviglent from Tables 1 and 2, the

di fferences (W2-WL) between the w dth(W)of the base portion of the wiring
and the width (W of the top portion in Exanples 1 to 9 were snaller than
those in C@g}é@g@éi ve 5 Exanples 1 to 3, and it was confirmed that undercut
could be r " Thereby, a printed wiring board with a fine and dense
wWiring pattern can be produced with a high yield. Herein, in addition to

t he formation of RN n.a printed wiri board, .t he present invention
i s appli cagl e _toA\%aér@:C%Jfljggfva%rquﬁgr audgapper ﬁ&?’&gmpfbs’%g\ﬁnrq%bec’b‘ﬁ a gl ass
board, a wselutignorenapsimigice of a plastic board and a wiring on a surface
of a seg conduct gfﬁfe{}@f t t. for._copper and,c er. all oys,
conpri s§nng -an aqgggﬂs]lgs ol'u iOrc]:aggir%ggﬁs&}ﬁﬁg&lg%ﬁxqsooq{lj%%ongqepp{angoonBt% cupric

i on sour ceCouParapPR® of a concentration of copper ions; 7 to 180 glliter

of hydrochloric aghqgoadid ok é&lgﬁlcia&?d; g azole, the azole conprising
nitrogen atons only as eteroatons residing 1n a ring. 10 2. The etchant

accordi ng to cl a+hte 50 waditer pf azoiet thelszaolg romprisbig nieoger atoms enlyr asent .

3. The etcngf&omgés@giﬂgqncé%@_l, further conprising at |east one 15
sel ected fromthe group consisting of a cationic surface active agent,

gl ycol 10 and gl ycol ether. 4. The etchant according to claim1, wherein 30

to 330 gllpler oTheWtthént GoEAHIIRE th SCLRAE SEMvh@PeihnG 1ICHPMEC /ilﬂéd'r doUhee. 20
5. A replenishnent solution that 1s added to the etchant ac%or Ing to
claim1 whdfPEARPERMnt is used repeatedly, the replenishnment sol ution

conpri sing an aqueous sol ution conpri sing:
3. The etchant according to claim 1, further comprising at least one

15  selected from the group consisting of a cationic surface active agent, glycol
and glycol ether.

4, The etchant according to claim 1, wherein 30 to 330 g/liter of cupric
chloride is present as the cupric ion source.

20
5. A replenishment solution that is added to the etchant according to
claim 1 when the etchant is used repeatedly, the replenishment solution
comprising an aqueous solution comprising:

7 to 360 gfliter of hydrochloric acid; and

25 0.1 to 50 g/liter of azole, the azole comprising nitrogen atoms only as

heteroatoms residing in a ring.

6. A method for producing a wiring by etching of copper or copper
alloys, comprising the step of: etching a portion of a copper layer on an

30 electrical insulative member that is not covered with an etching resist using
the etchant according to claim 1 so as to form the wiring.

7. The method for producing a wiring according to claim 6, wherein the
etchant is used repeatedly and a replenishment solution is added to the

356  etchant so that a concentration of copper ions in the etchant can be kept at
155 g/liter or less, the replenishment solution comprising an aqueous
solution comprising: 7 to 360 g/liter of hydrochloric acid; and 0.1 to 50 gfliter



7 to 360 glliter of hydrochloric acid; and 25 0.1 to 50 g/liter of azole,
the azole conprising nitrogen atons only,as heteroatons residing in a
ring. 6. A nethod for producing a wiring by etching of copper or copper

al l oys, conprising the step of. etching a portion of a copper |ayer on an
30 electrical insulative nenber. that is not covered with an etching resist
using the Og%%nth%%‘ﬁ?@w&q%nﬁpﬁrﬁgﬁn oms OFEV%MQW@WF regdiog  The
met hod for ipraodugi ng a wiring according to claim®6, wherein the etchant is
used repeatedly and a repl enishnent solution is added to the 35 etchant so
that a concentration of copper ions in the etchant can be kept at 155
g/liter or 8. ess, Theenrethodfos preducing! &twiring Apsiding GoadlaifUBOWher&al Ut i ON

conpri skgng: te 3 i of hydrochloric acid; and 0.1 tao 50 glliter 11

of azol é, £ eerat;’lgl %%g%%%;)ffiﬁ%ézow% 85&2‘%‘{%@?&\? SalﬁslﬂgttéPo%{:F ﬂ’%gr@& di ng

in a ring. efchethporteihitdwhshepvithic cganing fund that & daguble of aligdolvitg
mtE‘Qaﬁ’i]f t he copper or the copper alloys using the

wherein 5
et chant tﬁg{ng’t%%ﬁéﬁe%%h%i on is"washed with a cleaning fluid that is capable
of dissolving conponents of the etchant. 9. The nmethod for producing a

Wi ring accardi ng i I : caR| uid s at. | east one
sol ution sgf ect ea%%rfg%ﬁ%oh@eﬁalp%gﬁ@% s% g’?‘?’ﬁgoa&?l’% gg?&%‘ﬁ# gtfv ?elﬁt | ution
cont ai AP ngckeasims thrid ds ideastsomasalitioroseleoted frgm she gnplue consistingnef wi t h
copper i ongnagsld | Dainf % ring
accordi ng tﬁg %Igg?gnh%{%aesﬁé?ﬁb#tﬁgﬂ 15 e %hgﬁ?%eﬁgé‘g%%ﬁaﬁ%ﬁ@é‘ﬁﬁg he
copper or BHTHYEHEPMPONBIsvithcoppeniams apl pa oxgaANicSobMEgw i nto t he

et chant _

10. The method for producing a wiring according to claim 6, wherein the
15  etchant is used repeatedly and the copper or the copper alloys are etched
while air is blown into the etchant.



