DESCRI PTI ON Pal | adi um Renover and Renoval of Palladium 5 Technical Field
The present invention relates to a pall adi umrenover and a

“renoving pall adium by the palladi umrenover, nore specifi camwmmmﬂﬁlﬂlmum
renover for renoving palladiumremaining on the surface of g

treated. w thout damagi ng the board and a nethod of renoving palfa#fum 10
Background Art An additive net hod DESEREMTEMNI oyed as one ﬂf t he met hods

for forming circuit patterns. In this nethod, palladiumis Wﬁwﬂmwﬁm’mg

the entire surface of an insulating substrate, and then a
| ayer is fornmed on the_1 al I adium | ayer by an_el ﬁ;{lr | ess pl atdosege+net hod.
The area of the copper PaRgiymfemovgr 3 Remaval of Eallagmimer ns i s cover ed
with an etching-resistant resist and the non-covered area of the copper
plating layer is etched away. Thereafter, by stripping the residual

et chi n?-r%{cﬁmst, the circuit patterns are fornmed. 20 In this
conventi o , the surface of the insulating substrate cones out
again after thg,d gramhk PRvatidd'elatdsCtd! 4 p ARA&RIA Teifolbr hhE aﬁﬁxleu?&dem
remai ned thereon. Palladiumacts as a plating catalyst in the electrol ess
pl ating andnicviegpatladvemf oy tleapall ydibed remgver, Wl‘étspbbl‘ﬁ%a]lgy@ra toaoeen.
However, since palladiumis hardly soluble to a usual etching solution, it
remai ns ndbr 28moeiy/palladiven remaimnghimtheofutfaee adbppeardbangrigeatader. The
remai ning palladiumreduces the insulation of the circuit patterns. The
circuit pavithent demnging thedoard aad & methadef ygmeving mabladiwmni ckel

pl atigﬁ, el ectroless gold plating, etc. onits entire surface or its pad
porti for connecting another elenment. Since the palladiumremining on

the surfa f 30 the. insulating surface acts as a plating catal yst, nickel
or gold i %Wgﬂ& n 1 undesired area of the circuit board, thereby
reducing the iAgulididiPd nfithbA%as been employed as one of the methods for forming
circuit patterns. In this method, palladium is deposited on the entire surface
of an insulating substrate, and then a copper plating layer is formed on the

15 palladium layer by an electroless plating method. The area of the copper
.plating layer to form circuit patterns is covered with an etching-resistant resist
and the non-covered area of the copper plating layer is etched away.

Thereafter, by stripping the residual etching-resistant resist, the circuit
patterns are formed.

20 In this conventional method, the surface of the insulating substrate comes
out again after the formation of the circuit patterns with the palladium
remained thereon. Palladium acts as a plating catalyst in the electroless
plating and is effective for easily forming a conductive layer thereon. However,
since palladium is hardly soluble to a usual etching solution, it remains not

25 removed after the etching of the copper plating layer. The remaining
palladium reduces the insulation of the circuit patterns. |

The circuit pattern is sometimes surface-treated by electroless nickel
plating, .electroless gold plating, etc. on its entire surface or its pad portion for
connecting another element. Since the palladium remaining on the surface of

30 the insulating surface acts as a plating catalyst, nickel or gold is deposited on



citcuit patterns. Therefore, it is quite inportant to renove the renaining
.palladiumfroma circuit board for producing a high quality circuit board.
“In the conventional additive nethod, after stripping the etching-
resistant resist, 5 the undesirable palladiumrenmaining on the substrate
surface-has been renoved by the follow ng nethods. (1) Method of
di ssol vi nanalesiredaddeadif ghe icivcaitebvarddiherebymredacing ithdiineulasionuifiths by
i mmersing the board in the solution. (2) Method of dissolving away
pal | adi umcinetit patperns siTherpforenitganaite inigorsah tuta xemdwe thememsaimgng he board
in the solution. (3) Method, of renpving palladiumfromthe substrate

surface bypatladiemirpmey sHGHit bﬂardpf%pmdkci@gwﬁllégbaw&htﬁ Ciréaﬁtli(’j(%?é“?i ofn
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thinner on.fRNeHN WMd BLBHEAE mdthbgn the method of imersing into the
pot assi um per manganat e sol utT on, tﬁe surface of resin substrate is

oxi di zed 1(9) Mathba of dixdoWihg wsrangall sdiuhmaaeto al R diné) afihdiun@iodiflet he resin
proceeds faster than the dissolution of palladium Therefore, the palladium
renover fablwidwbgantmetsipgthaboard irethed solagionn t he recess of the oxidized
resin surface, thereby |eaving palladiumpartially unrenmoved. (3) The

met hod of (@sMeghodef dassolingwaayapaldadiapp mtatapotassiawp @ezinaagasats conpar ed
with tge abpve V\gt .nmethods. In adddtiﬁp, Llhi,s nmethod is likely to be

limit&Q i solution pgamppexsing the bpgrd ;m ghe sqljoRyber of boards being treat ed
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following problems.

15 (1) In the method of immersing in the iodine/ammonium iodide solution, not
only palladium but also copper dissolves into the solution, thereby making the
wirings thinner or causing wire break.

(2) In the method of immersing into the potassium permanganate solution, the
surface of resin substrate is oxidized to form a finely roughened surface. The

20 oxidation of the resin proceeds faster than the dissolution of palladium.
Therefore, the palladium remover fails to contact palladium remaining in the
recess of the oxidized resin surface, thereby leaving palladium partially
unremoved.

(3) The method of using the vacuum evacuation apparatus is expensive as

25 compared with the above wet methods. In addition, this method is likely to be
limited in the treatment capacity, i.e., the number of boards being treated in
one operation. This increases production costs of wiring boards.

Recently, Japanese Patent Application Laid-Open Nos. 3-254179 and 4-
179191 propose methods of removing palladium comprising immersing a board

30 1in a potassium permanganate solution, optionally ultrasonic-washing the board,



an’am ne conpound, an am nocarboxylic acid, a carboxylic acid, sodium
. hydroxi de and hydroxyammoni um sul fate. The proposed renover renbves the
“oxidized resin |ayer on the substrate sinultaneously with palladium 5
Therefore, the potassi um permanganate sol ution not only roughens the
substrate surface but also corrodes the interface between the copper
circuit mpaidienmeasidgtthe Inabdtin at eluibs chosainmphn lamymaticaritiOcotmpabjdct  of
the present invention is to solve the above problens and provide a
pal | adi umaneamwae coémponadpan agipatackodxsrhc raercgumarbomdlcaamdasmdlum| ng
treated w thout, damagi t he board and _a net hod of renDV|ng pal | adi um
using t he lwéwpmetﬂﬁcfhﬁ&péwanspwm sultaje. (Hae Brﬁné@ta SPIONEY perBgEek the
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intensive study in view of achieving the above o | ect, 20 1 nventors

have founq)attfea»h $ed tled substigteri ni ng on an i nsul at| ng substrate after
circuit pattern formation by an additive nethod is easily renoved in short

period by a liquid conposition conprising (a) a nitrate, (b) a water-
solubilizer for making palladi um oxi de water-soluble, (c) water, and
opt i onal | igehosure oflnvengiongent and/ or a chel ati ng agent t her eby enhanci ng

t he insul ati on, of circuit patterns to i de hi ghl rellale
print &8 circuiAn BB@FHQFM%PEE%‘Eent}%Wls@ venége %%Qé’ lams BAed on the
basis of this.findi

i first .aspe the present i,nvention,
there s mrovidsehPaldpurtimaver EpotsrouBiriadiym g ey Paetbosd) o
CERTY b et AR S
(e) a chel@th@@h@gﬁﬂhm@nlr@nﬁw@@c OBfle AfiBA1Y, tﬁé objtRt Bf B5EPtedenY 8itdrtion t here
is provided a nethod for reroving palladium which conprises t he steps of
form ng aipad pacvidmd pyldadiam remover which causes no corrosion on a wiring
15 material and an insulating substrate and easily removes palladium remaining
on the surface of an insulating substrate after the formation of circuit patterns
in the manufacture of circuit boards, and to provide a method of removing
palladium using the palladium remover.
As a result of intensive study in view of achieving the above object, the
20 inventors have found that palladium remaining on an insulating substrate
after circuit pattern formation by an additive method is easily removed in short
period by a liquid composition comprising (a) a nitrate, (b) a water-solubilizer
for making palladium oxide water-soluble, (c) water, and optionally (d) a
wetting agent and/or a chelating agent, thereby enhancing the insulation of the
25  circuit patterns to provide highly reliable printed circuit boards. The present
invention has been accomplished on the basis of this finding.
Thus, in a first aspect of the present invention, there is provided a
palladium remover comprising (a) a nitrate, (b) a water-solubilizer for making

palladium oxide water-soluble, and (c) water. The palladium remover may

30 optionally contain (d) a wetting agent and/or (e) a chelating agent.



a surface of an insulating substrate; formng a copper plating |ayer on the
pal | adium | ayer; etching the copper plating |ayer after applying a resist
"to a 5 surface of the copper plating layer; stripping a residual resist to
forma circuit pattern; and renoving palladiumrenmaining on the insulating
substrate by the palladiumrenover. Brief Description of Drawi ngs 10 Figs.
la to 1d are dahesedond dspleosof did prisent aweongion)ehetecispropided d hrethod for
production of a circuit board to be treated with a palladiumrenover of the
present i mesrving paHatthenpylighaoimprisdss thei siepsiolforimpg bopalindiBestayepde f or
Carrying CQut the | pventiqn 15 The nitrate (a) may ing¢lude ammoniuymnitrate,
li t hi um nia stface of ar Insylatingsubshiptaniosming areepper platkes layeronthe cobal t
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hydr ochl orpgfa(ﬁuﬁhr@ﬁo@éﬁmm um chl oride and al um num chloride, and sulfate
such as ammoni um sul fate and al um num sul fate. The concentration 25 of the
wat er-sol ubilizer in the palladiumrenover is 0.01 to 50% by wei ght,
preferably O. 05 to 30%b wei ght. Anot her substance havi ng an oxi di zi ng
action on Bref Bes i Dragmagher substance having a water-sol ubilizing
action_on pal I di um om& be copbi ned]y fled to enhance the _oxidation
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15 The nitrate (a) may include ammonium nitrate, lithium nitrate, zinc
nitrate, manganese nitrate, nickel nitrate, cobalt nitrate, sodium nitrate, and
potassium nitrate with ammonium nitrate being particularly preferable. The
nitrate has an oxidizing action on palladium. The concentration of the nitrate
in the palladium remover is 0.001 to 40% by weight, preferably 0.005 to 30% by
20 weight.

The water-solubilizer (b) for making palladium oxide water-soluble may
be an inorganic acid or its salt, preferably hydrochloric acid, nitric acid, sulfuric
acid, hydrochloride such as ammonium chloride and aluminum chloride, and
sulfate such as ammonium sulfate and aluminum sulfate. The concentration

25  of the water-solubilizer in the palladium remover is 0.01 to 50% by weight,
preferably 0.05 to 30% by weight.

Another substance having an oxidizing action on palladium and/or
another substance having a water-solubilizing action on palladium oxide may
be combinedly used to enhance the oxidation ability and/or the water-

30 solubilization ability of the palladium remover in an amount not adversely



5 Exanpl es of the al cohol may be ethyl alcohol, isopropyl alcohol, butanol,
.ethyl ene glycol, diethylene glycol, propylene glycol, and dipropyl ene
“glycol. Exanples of the ether include ethylene glycol nonoethyl ether,
et hyl ene glycol nonobutyl ether, diethylene glycol nononethyl ether,

di et hyl en | ycol nDnoethyI et her, diethylene glycol nonobutyl ether,

propyl ene ad?qm:m;; the nﬁth@/prmehnénnvmtocplyl ene gl ycol nonoet hyI et her,
propyl ene gl ycol nDnobutyI et her, dlpropylene gl.ycol nononethyl ether,
di propyl ene glBhepalladinsetemover may, fusthetpsyitainethy W@Uﬂn%’r@%@tj{@lmet her,
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(c) or the components (a) he pal | adi um renover nmay further
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of formng a conplex with palladium and may i nclude dinethyl glyoxine,

t hi our ea, monoxityd e(@mﬂr&tgplze@@@mcﬂlimm}omdthﬁiet,beie diethybérte glyoell- napht hol ,
and p-nitrosodi et hyl ani ] ine with dinethyl oxi me and_ 25 thiourea being
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concentration of the chel ati ng agent in the palladiumrenover is 0.0 1
phenyl ether, polyoxyethylene ethyl phenyl ether, polyoxyethylene octyl phenyl

15 ether, and polyoxyethylene nonyl phenyl ether.

The above wetting agents may be used singly or in combination of two or
more. The concentration of the wetting agent in the palladium remover is
0.001 to 10% by weight, preferably 0.005 to 5% by weight, and more preferably
0.005 to 1% by weight.

20 In addition to the components (a) to (c) or the components (a) to (d), the
palladium remover may further contain a chelating agent (e). The chelating
agent is a compound capable of forming a complex with palladium, and may
include dimethylglyoxime, thiourea, thioxine (8-mercaptoquinoline), dithizone,
2-nitroso-1-naphthol, and p-nitrosodimethylaniline with dimethylglyoxime and

25  thiourea being preferable.

The chelating agent (e) acts as a water-solubilizer for making palladium
oxide water-soluble, and also has an action of forming a complex with
palladium remaining in a small amount in the recess of the roughened surface

of the insulating substrate. With such formation of the complex, palladium is

30 deactivated against the electroless nickel plating and the electroless gold



5 to 5% by weight, preferably 0.01 to 2% by weight, and nore preferably
0.05to 2% by weight. The pall adi um renover of the present invention is an
“aqueous liquid conprising the nitrate, the water- solubilizer, optional
wetting agent and/or chelating agent, and bal ance of water. Although the
aqueous:liquid may be a 10 di spersion or a suspension, usually an aqueous
sol uti on. plagngaiftexdherformatival ofleyrculitep ettt thérdblyepeveatnickiehurdtgobd i s
carried out by inmersing a board to be treated in the palladiumrenover at
room t emftgmatdepesitingon ondeviredmueaof the ipsilatingwmbstiadey b0 ensu® dixcwdt and
control |l ed by changing Lg(he ddi tion amount of the inorganic acid as the 15
conponent p@ﬁ?@fﬂ?ﬁ%&%aﬁ d fﬁﬁ\ remover is used in an amount enough to

Tn “Che art. comecreey bRl o 8 AR Aren i [ R afper R 201 :B:yed
art car e Wit HIHBaS :
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of circui t2e@yRAtiRENS can be achieved. The present invention will be
described in nore detail by reference to the follow ng exanples and

conparative eXdnppsliadidevevover bf ropttedehtimaingibn ishal agheondlidwd ng
exanples are only illustrative and the scope of the present invention is

not rest ricompdisihgrtbe miti25e Fihg. watdrssodulsitizerymipitonial wettingtagent alndirng t he
steps up to the circuit formation in the production of circuit boards. As
shown i n rchglating agepfalangddpalance of winjen  1Adhough the aguemts liquidmmayidbelaat i ng
subst m;t edi. Pal | adi um i s usual I%@fdsorbed ontq the insulating substrate
to form a QPSSR oF A FPEPCNHYAY: UHE Y230 RAULIRHFOIHINgr t he el ectrol ess

o ting.. o o ORI GAIM L APHST PSR bR SR gt o
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in Fig. lgemdpeRfuredd 8Y °CheThe IV {NEpARNB NS rédhiotBr 150 t@5, sRAsStitute the
circuit is covered with a photoresist layer 4, followed by
controlled by changing the addition amount of the inorganic acid as the
15 component (b). The palladium remover is used in an amount enough to
effectively remove palladium from the board being treated, and one skilled in
the art can easily determine the amount with no undue experiment. By the
palladium-removing method of the present invention, a substantially complete
removal of palladium remaining on the board after the formation of circuit
20 patterns can be achieved.
The present invention will be described in more detail by reference to the
following examples and comparative examples. However, it should be noted
that the following examples are only illustrative and the scope of the present
invention is not restricted thereto.
25 Fig. 1is a schematic illustration showing the steps up to the circuit
formation in the production of circuit boards. As shown in Fig. 1a, a palladium
catalyst layer 2 is formed on an insulating substrate 1. Palladium is usually
adsorbed onto the insulating substrate to form a very thin layer, and acts as a

catalyst for the electroless plating. On the palladium catalyst layer 2 on the

30 insulating substrate, a conductive layer 3 made of a copper plating layer is



5 di ssolving away the non-covered copper plating layer 3 with an etching
~solution. The photoresist layer is formed, for exanple, by a dry
"photofilm .a photoresist ink, or a screen printing resist. Exanples of the
etching solution include sulfuric acid-hydrogen peroxi de m xed sol ution,
copper(tl) chloride solution, and iron(lll) chloride solution. 10 As a
result of formedthyhélagroless glating aschowmi insFig: ébf ofeconduttiee $ayeranay of
the insulating substrate 1 as shown in Fig. 1d. Even after the etching of
the non- fhesieenedramthy elentrolesspdatipk suirfage bayedectrpplatingi. um 2a remai ns
unrenmoved on the insylating substrate. EXAMPLES 1 to 7 15 Each circuit
board havi ng qrh(ﬁSLﬁfxom Kithglc rerostan ££ the epndectivelayee 3 whichds to

d i bed aboyw i mer.sed i ' | | adi | i d i
Table 1 ufdBR PUETe FUSE Ve S P Rets) IBUPLviRTB ey dr i ed.
Tebl e 1 uffiep PR TS Nt BUFEtviENCaNd dri ed.
ntor A1 VEERE M) L OENE TR IR DI L' R AP BRI Pt

i nsul at i NrisUPRLIARLE VRS, FEE FonSEl, Fhr Exhpld, o4 @§§§ﬁ%€omﬁ%}9ftspéys@nd X-

ray mcroanalyzer. The Circuit pattern was subjected to electroless plating
wi th ni ckehk, and scheeroprintimenesist! Rixakglleseptisd éichin®Bolubieoni iAskidat i Ng
substrate was observed. Further, the corrosion of the copper circuit

pat t er n wasifwisacidely diidgenrsarokide mixetesdutionpeippea(id) dilseideaolution,wer e
eval uated 25 _acc?r ing to the following criteria and are shown in Table 1.
1. I nsul atdnshiren Iégxﬁéﬁandwbmme treatment and infinite after treatnent.

C. sevyeral M2 before treatnent. and several M1 after treatnent. 2.
Pal | adPum r endysf TeguRorE ﬁﬁt@{l@gycqné%%fawﬁu&s fﬁ&rf%nap yn@ﬁmﬁa&e of.

substant | %heeﬁgltﬂartlenr?él%es(%ratesl asN isﬁlévevln 1916191%8 ﬁ&' Oﬁv’éﬁ:afpe% t?l%%%agitnigoo? the

non-masked area of the copper plating layer, palladium 2a remains unremoved
on the insulating substrate.
EXAMPLES 1 to 7

15 Each circuit board having palladium remaining thereon as prepared in the
manner described above was immersed in respective palladium removers listed
in Table 1 under respective conditions, rinsed with pure water, and dried.
Then, the insulation resistance between the circuit portions with 20-um
interval was measured. The amount of the remaining palladium on the

20 insulating substrate was measured by X-ray fluorescence spectroscopy and X-
ray microanalyzer. The circuit pattern was subjected to electroless plating
with nickel, and the occurrence of nickel deposition on the insulating substrate
was observed. Further, the corrosion of the copper circuit pattern was
observed. The results of measurements and observations were evaluated

25  according to the following criteria and are shown in Table 1.
1. Insulation

A: several MQ) before treatment and infinite after treatment.
C: several MQ before treatment and several MQ after treatment.

2. Palladium removal

30 A: completely removed.



5 Al substantially no deposition. B: slight deposition. C considerable
~deposition. 4. Copper corrosion A no corrosion 10 B: partial corrosion C
“corrosion gn entire surface. Table 1 Conposition of Palladi um Renover
Ni trateWater-solubilizer Wetting AgentWater Kind wt %<i ndwt % Kind wt %v %
Exanpl es lammoni unhydrochl oric5 - -bal ance nitrateacid
2amoni unbhy drBghdidllybrematddance nitrat eaci d 3amoni unD. 5hydrochl ori c5 -
-bal ance nitrateacid 4amoni unhydrochl oricl a* 3bal ance nitrateacid
5amoni un2hydriochibstartiabpary. repadiasde ni trat eaci d 6ammoni un2sul furic aci d3
- -bal ance %Lrﬁae 2nitric acid5 - -balance ammoniumnitrate a*: |sopropyl
al cohol b*3- HOoRCRABYPBNe nonyl phenyl ether 15

A*:no deposition
5 A! substantially no deposition.
B: slight deposition.
C: considerable deposition.
4. Copper corrosion
A’ no corrosion
10 B: partial corrosion

C: corrosion on entire surface.

Table 1
Composition of Palladium Remover
Kind wt % Kind wt % Kind wt % wt %
Examples
1 ammonium 2 hydrochloric 5 - - balance
nitrate acid
2 ammonium 5 hydrochloric 5 - - balance
nitrate acid
3 ammonium 0.5 hydrochloric b - - balance
nitrate acid
4 ammonium 2 hydrochloric 1 a* 3 balance
nitrate acid
5 ammonium 2 hydrochloric 1 b* 0.1 balance
nitrate acid
6 ammonium 2 sulfuric acid 3 - - balance
nitrate
7 ammonium 2 nitric acid 5) - - balance
nitrate
a*: Isopropyl alcohol
b*: Polyoxyethylene nonyl phenyl ether
15
Table 1 (contd.)
Removing Conditions Results of Evaluation
Temperature  Time Insulation Ni Cu
O] (min) Removal  Deposition Corrosion
Examples
1 60 A A



Table 1 (contd.) Renoving ConditionsResults of Eval uation

. Tenperat ureTi mePdNi Cu | nsul ati on (C) (m n) Renoval Deposi ti onCorr osi on
" Exanmpl es 1605AAAA 8 2605AAAA 3705AAAA 4503AAAA 5503AAAA 6605AAAA 7605AAAA
COMPARATI VE EXAMPLES 1 to 8 The procedure of Exanples 1 to 7 was repeated

using a-palladiumre er having each,conpositjon listed in Table 2. The
results are al so shom(yi n Tablllg 5 2. Tébl e 2 Coérpositiongof Pal | 4Hi um
Renover NatrateWater-3wl ubilizer Wetti Ag Agent Vater KindW % Kinh W % Ki nd
wt %w % Conparative ﬁarrpl es éam‘mni upb - - -bal ance pitrate

2hydrochl oric 5 - -balance aci 3sul fufic acid 8 - -bal dhce 4anmvhium 5 -
- bal ance &hl ori de Sanmb®ni unb - 3a* 3bal Ance A A A

6 60 5 A A A A

7 60 5 A A A A

COMPARATIVE EXAMPLES 1 to 8
The procedure of Examples 1 to 7 was repeated using a palladium remover

having each composition listed in Table 2. The results are also shown in Table

5 2.
Table 2
Composition of Palladium Remover
Ni Water-solubili Wetting A W,
Kind wt % Kind wt % Kind wt % wt %
Comparative Examples
1 ammonium 5 - - - - balance
nitrate
2 - - hydrochloric 5 - - balance
acid
3 - - sulfuric acid 3 - - balance
4 - - ammonium 5 - - balance
chloride
5 ammonium 5 - - a* 3 balance
nitrate
6 ammonium 5 - - b* 0.1 balance
nitrate
7 - - hydrochloric 5 a* 3 balance
acid
8 - - ammonium 5 a* 3 balance
chloride

a*: Isopropyl alcohol
b*: Polyoxyethylene nonyl phenyl ether

Table 2 (contd.)

Removing Conditions Results of Evaluation
Temperature Time Insulation Pd Ni Cu
(cC) (min) Removal  Deposition  Corrosion

Comparative Examples
1 60 5 C C C A



nitrate 6amoni unb b* 0. 1lbal ance nitrate 7hydrochloric 5 a* 3bal ance acid

- 8amoni um 5 a* 3bal ance chloride a*: |sopropyl al cohol b*: Pol yoxyethyl ene
“nonyl phenyl ether Table 2 (contd.) Renobving ConditionsResults of

Eval uati on Tem Ti mnePdNi Cu erature plnsul ation
(C)(nin)RganalDeposi | onCorrosi on Conparative anpl es 605 9
2605BBCA 3605CCCA 460 5605CCCA 6605CCCA 7605BBCA 8605CCCA MPLES 8
to 9 The procedure oféExanpl essl to 7 @as repeated except for usimg the
pal | adi um renovers co&;aining %he chel&ting agqgt. The Q§su|ts are shown in

5 Table 3% Table 3 A
5 60 b C C C A
6 60 5 C C C A
7 60 5 B B C A
8 60 b C C C A
EXAMPLES 8 to 9

The procedure of Examples 1 to 7 was repeated except for using the

palladium removers containing the chelating agent. The results are shown in

5 Table 3.
Table 3
Composition of Palladium Remover
Nitrate Water-solubilizer Wetting Agent Water
Kind wt % Kind wt % Kind wt % wt %
Examples
8 ammonium 2 hydrochloric 1 c* 0.1 balance
nitrate acid
9 ammonium 2 hydrochloric 1 d* 0.1 balance
nitrate acid

c*: Dimethylglyoxime

d*: Thiourea

Table 3 (contd.)

Removing Conditions Results of Evaluation
Temperature Time Insulation Pd Ni Cu
(cC) (min) Removal  Deposition Corrosion
Examples
8 50 3 A A A* A
9 50 3 A A A" A

10
Industrial Applicabil
Palladium remaining on a circuit board is removed by immersing the
board in the palladium remover of the present invention. The palladium

remover of the invention is particularly suitable for removing palladium

10



Conposition of Palladi um Renmover Nitrate Water-sol ubilizer Wetting Agent
Water Kind W %Kind W %Kind w# %w % Exanples 8 anmoni um 2
“hydrochloriic 1 ¢c* 0.1 balance nitrate acid 9 ammonium 2 hydrochloric 1 d*
0.1 balance nitrate acid c*: D nethylglyoxinme d*: Thiourea Renoving
Conditien Tenperature Tine (C) (mn) Table 3 (contd.) Insulation Results
of Eval uatreoraiRthg\bn €he ilRartatiak sodysogitt iwithdr doesiding Ekamppper ci8cdid addA A
A+ A 9 50 3 AA A+ A10 Industrial Applicability Palladiumremaining on a
circuit boanghesingthesufage ifitherissnlptingesulisteate, ihereby ephlamaitigither enover
of the present jnvention. The palladium renover of the invention is
parti cul afP{u-iion, %WCWE%&P%- pal | adi um 10 remai ning on the insulating

substrate w t hout rrodin he.copper,.circujt rougheni n e surface

e At G RRE Y e OB R e Py BRI,

g: ;g,l[“r% | gg)gﬁﬁﬁgwg:&e&g&bgé g&’d m?ﬁgt, Pﬁe fdvxr/é:rlfﬁé of %et 1enrs'?11:':1t510rt1 Egl?geecfjb)p the
deposition of nickel or gold on the non-circuit area of the insulating substrate is

effectively prevented.

11



5 plating or electroless gold plating, the |lowering of the insulation
.caused by the deposition of nickel or gold on the non-circuit area of the
“insulating.substrate is effectively prevented. 11 CLAIMS 1. Apall adi um
remover conprising (a) a nitrate, (b) a water-solubilizer for rmaking
pal | adi um oxi de water-soluble, and (c) water. 5 2. The pall adi um renover
according to claim1, conprising 0. 00CLAIMS0% by weight of the nitrate,
0.01 to 50% by weight of the water- solubiliz er, and a bal ance of water.
3. The pall adium renover according to claim1l or 2, wherein the nitrate is
at | east one conpound selected fromthe group consisting of ammoni um
nitrate, 10 |Apgﬁadwmtrem,ergom@rmmg ) nwﬁ@@az@s@wtwa@l@bﬂme@lfer

nitrate, cobalt nitrate, sodiumnitrate, a potassiumnitrate. 4. The

pal | adi uml?ﬁﬁmﬁ'el’a];%@bﬁ"dp G2 g/SOi% eoﬁnaﬁ%?i‘ﬁ%tef- to 3, wherein the

wat er - gol upi | i I : C ound | ect from ro

consi sti n;gét') of ﬂﬁ{/%?%%(%lhél!rl ?@é@?ﬁ?“ﬁ??ﬁ%@%ﬁ@e&ﬁ?‘?‘@ﬁ%“%@@ﬂ@%ﬁ#&m

chl ori de, JATH : " j I vl ); fate. b.

The pal | acﬁ%ﬂ?gﬁo%%?nggtégp‘ d(?ﬁéo to a y%glnggﬁoqﬁgﬁal mr‘%h%{ghﬁ,&ﬁg E#P t?gr

conpri si ngalahcaofhtdng agent. 6. The pal |l adium renover according to claim

5, containing 0.001 to 10% by weight of the wetting agent. 20 7. The

pal | adi um3. enthies paliadinch mgmbeer hedordingoto @aimese? nwhbeeinght nigatagent i s

a surfactant, an al cohol or an ether. 8. The palladiumrenover according to

claim7, Jphestedne earapeund selegrad from deer guomipcconsistingnofcaromosinoniidrate, The

pal | aghgm renover, according to claim7, wherein the_alcohol s at 25 | east
o]

one ¢ Uy RS, EnSHItte gang aResR PLT A ey nisked mitratey cobalg nitrate,
i | al,cohol. t |, . ethyl | |, diethyl | |, |
i sopr opy gﬁgﬁgﬁl&}%@?eﬁﬂggpﬁsgﬂm%ﬁ?ra%ﬁyCO i et hyl ene glycol, propylene

|l ycol, e pal l adium renover according to
gly

claim7, wherepyl p 5B &uBe reindval ab&ding to any one of claims 1 to 3, wherein the

water-solubilizer is at least one compound selected from the group consisting of
hydrochloric acid, nitric acid, sulfuric acid, ammonium chloride, aluminum

15 chloride, ammonium sulfate and aluminum sulfate.
5. The palladium remover according to any one of claims 1 to 4, further
comprising (d) a wetting agent.
6. The palladium remover according to claim 5, containing 0.001 to 10% by
weight of the wetting agent.

20 7. The palladium remover according to claim 5 or 6, wherein the wetting
agent is a surfactant, an alcohol or an ether.
8. The palladium remover according to claim 7, wherein the surfactant is
cationic, nonionic or anionic.
9. The palladium remover according to claim 7, wherein the alcohol is at

25  least one compound selected from the group consisting of ethyl alcohol,
isopropyl alcohol, butanol, ethylene glycol, diethylene glycol, propylene glycol,
and dipropylene glycol.
10. The palladium remover according to claim 7, wherein the ether is at least
one compound selected from the group consisting of ethylene glycol monoethyl

30 ether, ethylene glycol monobutyl ether, diethylene glycol monomethyl ether,

12



one conpound sel ected fromthe group consisting of ethylene glycol
. monoet hyl 30 ether, ethylene glycol nonobutyl ether, diethylene glycol
“mononet hyl ,ether, 12 diethyl ene glycol nonoethyl ether, diethylene glycol
nmonobutyl ether, propylene glycol nononethyl ether, propylene glycol
nonoet hyl et her, propylene glycol nonobutyl ether, dipropylene glycol

mononet hyldietydene dlyeobmdneethydleghet, diethybatelycairhenobwtybetint) grgyiine ol
nonobutyl ether, diethylene glycol 5 dinethyl ether, dipropylene glycol

di net hyl aiyen] mpaomeidydiethen paoprieny lglyqhemoethyleethepairppxlesetglyene et hyl

phenyl ether, polyoxyethylene octyl phenyl ether, and pol yoxyethyl ene
nonyl pheﬁ?Pn@ilhteY?{?t er, gﬁﬂ??@ppihifleéb’ enemethydetheridipropylenselyed of

T S BeiRoab LS oS B oSN e Mty S g
o, hegshld 0, SR gk ThE AL L A STRNE o RS 0e M Bl b 11 o

group consjiddyPQciér, )pgl}gf‘(?ﬁ?ﬂz‘gbﬂ&étzﬁmi phe i[yPHf}f'éi'; Rﬁlgbggﬁﬁ%ﬁr{e %cr’%l %hgnrplzlt o

(8- nercaptoqui'nol | ne ne, I 0So- “na

so di met hydther, landepol}xydiheldm ﬂl@gilgmeﬁlg[r@mﬁgn according to any one of
clainms 1 to 13, for use in the production of circuit board by additive
met hod wherle &'hd palladiuymatremoner accordingeth fyy ane of plmimpllata 1@ fuathesr
deposited on the surface of an insulating substrate. 20 15. A nethod of
renovi ng Fanmdsing (ebashelating agentst eps of: forning a pal | adium | ayer on a

surfa of . an insul ating substrate; _formng.a copper plating |layer on the
pal | a§6um]|2ay he g ﬂ‘ill‘r\’d“trﬁ’ém(‘,’ﬁ’bﬁ%‘?or@n&'? ajrgIdy C%Maé’i‘mgdbpiitﬁé){/*ab}’esi st

t f | ati | ;25 strippi i dual i st
to form a iebt ek Ua B@RREe Bk, Coou g bai Tadi um Fensi ning on the -
I nsul at | ngl@‘igﬁ{%géﬁa@ﬁlﬁ BemoRet hadhHAd f8Y%Eh S8, WEdel D tRO¥N QAEnY

claims 1 to
agent is at least one compound selected from the group consisting of

dimethylglyoxime, thiourea, thioxine (8-mercaptoquinoline), dithizone, 2-
15  nitroso-1-naphthol, and p-nitrosodimethylaniline.
14. The palladium remover according to any one of claims 1 to 13, for use in
the production of circuit board by additive method where a circuit pattern is
formed by a copper plating layer deposited on the surface of an insulating
substrate.
20 15. Amethod of removing palladium comprising the steps of:
forming a palladium layer on a surface of an insulating substrate;
forming a copper plating layer on the palladium layer;
etching the copper plating layer after applying a resist to a surface of the
copper plating layer;
25 stripping a residual resist to form a circuit pattern; and
removing palladium remaining on the insulating substrate by the

palladium remover as defined in any one of claims 1 to 13.
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