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This invention relates to high-streRGTWS2004/010043
sol uti ons of potassium 5 hydrogen peroxynonosul fate
that are lowin inert salt content, a process for
their preparation, and theirq in the manufacture of
printed wiring boards and semconductors. BACKGROUND
OF THE | NVE I(J\I 10 Trademarks are hereinafter shown
in upper caS@ESEHEN Iy PessiymonmtRes Salfie’ . | S

comonly used in the trade, and is used herein to

refer to the mxed tg HSOBKHSO4K2SO4.
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oxygen iﬁntent of 5.2% All references to potassium
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ﬁﬁﬂlldfmmlcoﬂduabmtt 95% t o about 98% due to the
presence of mnor inpurities, mnor 20 anmounts of -
additives (such _as an anti caki ng agent), and
vari ations in N rHdEJRRENTINt erm
"KHSOG", the fornmula of the active conponent in the

Ctriple salt is used herein specifically to denote
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which has a typical active Oxygen content of about 4.7%. It is recogmzed

that the purity of commercially available potassium monopersulfate is

about 95% to about 98% due fo the presence of minor. |mpur1t|es mlnor.l

amounts of additives (such as an anticaking agent), and vanatlons m o
manufacturing processes.
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~The term“KHSOs"; the formtila of the active component m the tr!ple.'..:'i.‘m' S

salt, is used herein specifi ically to denote potassmm hydrogen

‘ peroxymonosulfate itself.

The production of modem printed wiring boards, also known as
prmted circuit boards; for developing the- des:red electrlcaliy conductlve -

. pattern onto plastic or other substrates clad with copper. foil i is a complex
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process. In the process, electncal mterconnectlons are made by
selectively removing unwanted copper fail or aoldmg addltronal copper to
the substrates. The process requires careful removal of excess copper

. reagents remalnmg from the copper deposttlon powder dust omdes and: :

" other debns or res;duals after each constructlon step i IS ‘not unusual for




reagents remmining fromthe copper deposition, powder,
dust, oxides, and other debris or residuals after
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concentrations and _
eventually the bath must be replaced, else staining of the boards occurs

5 ~and quality declines. While additional potassrum monopersulfate may be "
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added fo supplement decreasing active oxygen, sulfate salts buuld up,

limiting the useful life of the bath. [ I :
. _ltis desirable to improve the micmetc'hirig process through use of

microetching solljtions'prc)viding Iower- ihert sulfate concéhtratidnS"ahd ;

f h:gher weight per cent actlve oxygen.: The present mventlon prowdes such g
solutlons ' Co : : L
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hi gher wei ght percent active oxygen. The present

i nvention provides such solutions. 30 2 SUVWARY OF
THE I NVENTION A first aspect of the present invention
provi des a conposition conprising a solution of

pot assi um hydr ogen : ' '
wei ght ratio of SQ s 3 .0: 1.
Di scl osed herein, there is provided a conposition

conpri si ngfifst a8pedidfaie rediitanventiorm pEs\wdeHa composition
per oxynmonosul fate having a m ni num active ox
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conprises contacting the surface to be etched with a
sol ut.i ok setopdrapsctiohthy grespmt inyentionyprovidsa & prosess for the
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concentr at ed )
with a quantity of water insufficient to completely dissolve the solid, b)
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~mixing to form a slurry, and c) separating undissolved solids to obtain the
solution. -
A third aspect of the present invention provides an improved
method of microetching a surface wherein the improvement comprises
contacting the surface to be etched with a solution of potassium hydrogen
- peroxymonosuifate having a minimum ratio of SOs to SO, of greater than
1.0:1.

DETAILED DESCRIPTION OF THE INlVENTI_ON

The present invention comprises a high-strength or concentrated
aqueous solution of KHSO;5 pfepared by partially dissolving potassium
monopersulfate in water, while selectively dissolving more of the KHSOs



aqueous sol ution of KHSG5 prepared by partially

di ssol ving potassium nonopyrsulfate in water, while

sel ectively dissolving nore of the KHSO6 3 conponent
together with some KHSO4 and relatively little K2S04.
Thus the solutions of the present invention have a

hi GRpkpdHME BSYdtRéd With 8bmekiSSD, LA rabitively Rl K280, Thus
pot assi um nonoper sul f at e sol utions. Conmmerci al Iy

av &ne spludiops iobtheaprespot imyention have parighéf careenpatdoof s

j i call b 4. 7% ' . i al
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magnesi um car bonate, and small anounts of process
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Pont de Nenmours and Conpany, WImngton DE. OXONE is a
stable, 5 solid, water-sol uble,
non-chl ori ne-cont ai ni ng oxi di zing agent with nultiple
uses. Potassium nonopersul fate is typically dissol ved
conpletely in water and used as a freshly-prepared
solution or alternatively is used in its origina
granular form Hereinafter all solubilities and
concentrations are provided in grans io of solid

di ssolved in 100 g of water and all concentrations as
wei ght percent or g/1 00g solution. As an exanple for
the approximate interconversion, 10 g solute/ 100 g
wat er corresponds to 100x10/(10 + 100) or 9.1 wei ght
percent since the specific gravity of water
approximates 1.0 at or near roomtenperature. The
solubility of the potassiumis nonopersulfate triple
salt in water at 20C is about 30 g/1 00g water (nore
detail at varying tenperatures is shown in Table 1

bel ow), providing an active oxygen concentration of
1.0 -1.1 % The term"conplete solution" is used
herein to nmean prior art potassium nonopersul fate
solutions wherein the salts are conpletely (100%

di ssol ved. Conpl ete sol utions:
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20 have rmre limted stablity than the anhydr ous
le salt in granulated form |osihg about 3%

Wo%‘tetfﬁft?él oxygen/ nonth, conpared with a | oss of PEBAS2004410043
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about 1% active oxygen/ nmonth for solid potassium
nonopersul fate. This stability of the potassium

NREYRISRIh fficient for. uses.
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t han such ﬁrlor art conpl ete sol ution prio

SEEETOW9/1 0B splitiang, As enmxampenfordthe apgirokinuate, wer e
Hhtﬁ?@éﬁ‘\%rs:on, 10 g solute/100 g water corresponds to 100x1 0/(10 + 1.00)

or 8.1 weight percent since the specific gravity of water approximates 1.0
at or near room temperature. The solubitity of the potassium

- monopersulfate triple salt in water at 20°C is about 30 g/ 100g water (more

detail at varying temperatures is shown i in Table 1 below) prowdlng an

- _‘ active oxygen conc:entration of‘l 0 1.1%. The term complete solutlon
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is Vused herein to mean _pnor art potassium monopersuifate solutlons _
wherein the salts are completely (100%) dissolved. Complete solutions

~have more fimited stablity than the anhydrous triple salt in grént.tleted form,

losing about 3% active oxygen/month; 'comp'ared with a loss of less than

- about 1% active oxygen/month for sohd potassmm monopersulfate ThIS o

o stabihty of the potassium monopersulfate solutlons is sufficient for uses.

- where the solution is to be used within a few weeks dependmg upon
'storage temperature ‘ R




lo fromthe OXONE brand commercially available triple
wO bl eedhPOKHSO4; K2SO4  The hi gh-strength sol ution of
the present invention is prepared by slurryi meisodosoio04s
pot assi um nonopersul fate (e.g.,, OXONE nonopersul fate
co ounc%l) with a limted amount of water. The anount
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t he urtheSRRIMY ‘ Ient i.s removed, at | east 99% of
t r'1e act | ve@gxggee@@%r?!@ﬁp Q:‘f?h% Reesent invention is prepared by
slurrying solid potassium monopersuifate (e.g., OXONE monopérS-ulfaté

- ¢ompound) with a limited amount of water: “The amount of water used is

15 insuificient to completely dissolve the solid. The resultant slurry is stirred 3
ano‘ll equili_bfa'ted at the selected témperétu_r_e fdr a '.lengfh'_of time -'su.fﬁéiéﬁt_ B
to diSSOIYQ the maximum concentration of the KHSO éctive combb'ﬁéht.- o
 Since the KHSO5 component is the most _Solublé (.sée'iTébié 1), mostof o
 the potassium sulfate and some of the potassium hydrogen sulfate the

- ™. ertstabilizing sulfates in potassium monoperstfate) remain undissolved.
. Undissolved solids are then ssparated from the sturry by any of a numper
of suitable means, i_nc;luding but not ’iﬁlitéd'___tb ﬁltl'r nii oﬁ, ‘be“fﬁfulgé.{iaﬁ
sedimentation and the fie. The dlear firat or dscanted liuid s the high.
. Sirength potassium hydrogen peroxymonosulfate solufion of the present -
= enton,and s sord nsttabl ai-and odaton-esstant conianers,




10

15

20

25

30

pot assi um;monopersul fate is retained in solution. The
m ni num alcmunt of potassium rmnopersUI fate used for

WO 2489880 g of water is not less than is the REBHISL00010043

pot assi um nonopersul fate that will provide a filtrate
containing 1.5 tinmes the active oxygen found for the

ol uti the sane tenperature. This range
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O Sorp etk R AR th SOIRER PTR Hifimurh oot of
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e
Ddicﬁfterrmgt ohmee tnerameekyq Wrtﬁé‘wm{mé}ég&&m& at

about to about. 2.5, pr¢€
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cbat oS SPRIBRS it Aol Sioen 6V Hatl abont Jor e
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specific tenperature results 1.n undesira

KGesBlete sofutienrefdhe petagsiuro mmoneperedkateguet éhatﬂmperature

%%gSfbffdt&Cﬁ%é\Bt'ﬁéc as shown below in Table 3.. Preparatlon of the

high- strength soluttons of the present mventlon at temperatures at or-

‘ _below 0°C and above 40°C is not considered practlcai for commerclal use

The data in Table 2 pro\ndes mfon'natlon on the minimum and mammum
amounts of potassmm monopersulfate to be used with 1009 water to

| obtam composmons of the present mventlon The mlmmum amounts _ .
represent grams of potasswm monopersulfate to be used W|th 1009 water,',_. o
. atthe specnﬂed temperature to prowde compositions havmg 1 5 times the S

| .aCt'Ve oxygen content of a complete solutlon of potass;um SRR

: monopersulfate The mammum emounts represent grams potassmm

*'_monopersulfate to be used with 1009 water at the specﬂ" ed temperature : o
to provnde composntlons ha\nng up to 5 5 tlmes the actlve oxyge content : |
'_‘_fof a complete solutlon of potassmm monopersu}fate B S



Decreasi ng the mnimumrati o of potassium
ersulfate to water belowthe lower limt |isted
quﬁ $¥ 3 for a specific tenperature provi deRCHES2004/016043
little advantage over the conplete solution. As the
wei ght of potassium monopersul fate per 100 grams of
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active oxy en versus tine at anbient and 35C for the
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s oKHGIQyis lodt i Itloe perhoved 8olids. TRS tie gleidgttiof ﬁ@tahssrum
present invention have a :

Sé%ﬁts'eﬁgﬁsﬁ%tﬁ SRR SiRRetdevaalia @ienor
15 Meniierdtud] ive wiicht penfhlive S/BRAPHIRE ftbred soltion
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Di| ution is ra The S05/ SO4
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' 0.9:1.0. This is slightl ovvertan '
20 VST B o breioprtsue Sak Senordi |

The high-strength potassium hydrogen peroxymonosulfate : |

solutions of the present invention have stability comparable to pnor art i
complete solut:ons Table 2 below shows the stabtlity of the actlve oxygen
versus time at ambient and 35°C for the flltrates of Example 1.The 4
‘25 concentrated solutlons of the present tnventlon from whlch sulfate salts
have been removed, are as s_table as th_e complete solutlons of th_e prior.
art, | R R B
The h|gh~strength solutlons of the present lnventlon have a hlgher
3051804 weight rat:o than the complete solutions of the | prior: art ThIS |
30 rafio is measured or calculatecl after und:ssolved sulfate salts have been |
removecl but before any addltlon of adjuvants Dtlutlon does not affect ;
this ratlo The S0s/S0, welght ratio for the solld potassmm ' |

| "—'""monopersulfate and all complete solutlons prepared from commerc:lally




the presence of inpuities and additives and
manuf act uri ng process variations. Sifice, in the

wo f'ﬂoﬂﬂs §trengt h solutions of the present invenPCENs2604/010043
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undi ssol ved sulfate salts are renoved, the S05/ S04
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stﬁfﬂﬂé on further, conprises an: |n'prove
&H%a?asewae enplstonatehand mmrmmmmﬁers such

FOHNMogRASCHiRg W th, the ot assi um
hydroggﬁ peroxyn@onos &IC%Bgﬁpgﬁtngﬁ Hehgna ?J?é‘é@ﬂﬁ’ounds
@Evé’rﬁ'ﬁz@ﬁia@hng a mnimumratio of S05 to S04 of .

r eat
-9 Pile Egﬁgentrated KHSC)5 solutrons of the present :nventron are

advantageous in several end uses An example is the preparatlon of
microetch concentrates for use in the manufacture of pnnted wrrmg
boards. In thrs use the hrgh-strength concentrate can be used as isor

~ diluted as necessary The hlgh strength concentrate prowdes a desrrable -
) combrnatlon of hlgher active oxygen concentratlon and Jower sulfate level .

The present invention further ccmpnses an rmproved method of

- microefching a surface whereln the Improvement compnses contactlng the T

suriace with the potassru:-n hydf ogen Pefoxymonosulfate solutron of the T
present 1nvent|on hawng a mrnrmum ratlo of 805 to 804 of greater than

1 0:1. Thts rmproved method is usefut for etchrng metal surfaces fer |




1.0:1. This inproved nethod is useful for etching
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in processes to etch printed wring beards2@n/e10043
sem conductors. The hi gher active oxygen
concentrations of the solutions of the present
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S ir oebegesypg b etch diea Wi oAt BPaaPiBho

Allde higher agidfaupxygencasicentratising of trmwscvmeméoﬂsmlameﬁt
AT il BB ESd hasin  Skhcpara when
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Wi T ng boar.ds or _sem conductors cl a
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preferably at |east 179
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fe is extend si nce-’su e con
sﬁtﬁsmmenhlnventrem beed a aoppes ivawing BafAEGRPOES: [bdsPi8lg per

Kosabligh, BrIPatly 87 Bagt e bebks spbtioonsndimet preferably
i POg pas kg sbrtﬁrdrt Bh ddﬁogf 5ngﬁ@:%fu§; n@B{ %irglntcregsseﬂ@ag bath

| onger, and nore prefera onger

skfﬁlﬁ extensieshsites sulfate m@rnrcentrahrmmaret mﬁ:mjarattﬁtw reldgbed, as.

oS BRI 225 3 S5 SOy i et Bangion

acorapghehiedoritat bmgretelsoﬁrﬁbheceathtrﬁ@fseméreéééd 1.5 times
provi ding a sufficient nunber of keying sites

e'ﬁga% Fg@tﬁralatw?ewmeﬁ langerpand mrgeaarefararsiysz 5 times ronger

o .
s t nckHEhs JAB6G RIS, SRS okt supEsiaRnyaien used
nasmictioetetiant tndtdeanss ah plihid wirihe %H?ﬂ'rﬁaﬁ&ﬂa@ture The

produce rel atively snoother toora ereas. . -, .
BPPQF"‘!R?,W&%FEE‘F@%?%@Y adggahe@f t?wgiqaysuﬁaoeuthereby

P RS AR AT S5 gion o

tpdatieg andresist lsaninatidre T o @f tish KIMSO; Gah beXaiek&d and

ffective at about 24 - 32C whereas hydrogen.
surp%e ure can be var}ed by the addition of a. mmeral acrd fothe

solution. Phosphorlc acid produces a relatwely smoother topography
whereas sulfuric acid increases roughness. Typically, about 1 - 5 peroent
mineral acrd by volume of KHSOs solution is used. KHSOs is also 5

effective at lower temperatures than other mrcroetchants For exampie

- KHSC;s is effective at about 24° - 32°C whereas hydrogen

peroxrde/sulfunc aord solutions requrre temperatures of about 46° ' 54"8

The copper or copper ailoy clad substrates subjeoted fo
microetching comprlee any plies of plast!o fiber gtass or other. materral to
which copper foil is adhered or upon which copper is depoerted

electrolessly or eieotrolytrcally The substrates can be srngte or multrple

" ‘plles in the form of composrte or fayered structures suchas iamrnates and e

9




perOX|de/squur|c acid solutions require tenperatures
of about {46 .54C. The copper or copper alloy clad
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plies of plastic, fiber glass or other material to
whi ch copper foil is adhered or upon which copper is
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m nat e and 04/089817 PCT/ US2004/ 010
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pot assi um hydr ogen, per gxynonosul fate sol utions of the

spluiens of Hircpiasent kiventieq ar%mvsetg 3 adiheprnant
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netallization, an'interconnection |ayer, a 20 second
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SPEELiETRL o wllAliZasRn, BBk Some kS s dld Sffbequsnt e
(SeR20 mataliAiem. tlﬁte@le@@t diefittivs bach ab eidped dfid ﬁﬂﬁepéd

| evel s of

~ silicon dioxide (Si0y), are used to electrically !solate the dlfferent Ievels of

meta!llzatron in a silicon substrate or well. The electrical connectrons '

, between different interconnection tevels are made through the useof

metaluzed vras Metal contacts are used to form eiectncal conneotlons .

_between interconnection levels and devices formed in‘a well:

‘In'a typical chemical mechanical polrshlng process ‘the substrate is Sl

'placed in. dlrect contactwith a rotating: pohshlng pad A carrier applres o
"pressure agalnst the backside of the substrate Dunng the poirshmg
© process, the pad and table are rotated Whlle a downward forceis 1

mamtamed -against the substrate back An- abraswe and chemrcally

| reactwe solution, oommonly rererred to as a “slurry is deposﬂ.ed onto the e

o pad durlng pohshrng “The slurry initiates the polrsh;ng process by




metallization in a silicon substrate or well. The

electrjical connections between different
“Kfﬂpep%ﬁhhectlon | evel s are nmade through t he uBET/H52(95/010043

netallized vias. Metal contacts are used to form

el ectrical connections between interconnection |evels
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add1& poreent polltiam pﬁﬁt%ptﬁsew wentien iy an eyeelientexidizing
prafq ﬁ‘nguél‘?ﬁts'ldtﬁ/ polishing to netal |ayers at _deS| red

|ng rates ‘while minimzing surface

15 mperfe‘ﬂte solstionlof thet resent ingeniion Bnalsd usefud Hisah auxmary '
Furt ernore, the |IShI%_% slurry may be used to
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in contrast fo chlorine bleaches such as calcmm hypochlorite, the solution
-of the present invention provides oxidation without undesirable s;de-effects B
25 such as bleachlng or fadmg of vinyl liners, painted surfaces, or SWimswt |
fabncs Other dses include the active bleach component in other c!eanmg
-composmons a paper repulping aid for the destructton of: wet strength :
resms and an oxidizer in antlmlcroblai composmons o
" Potassium monopersulfate compound may be shlpped ln tts most
30 stable solid form, then converted te the high- strength solutlon of the
- present mventlon for “just in ttme dellvery to the use Iocatton e
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ponds, and the like. It is used to reduce the
non-m crobi al waste content and restbre the sparkle
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chl oram nes associated with chlorinating products
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undesirabl e side-effects 25 such as bl eaching or

fading of vinyl liners, painted surfaces, or sw nsuit
fabrics. Qther uses i ne—b&em(\gﬁq ve bl each
conponent in other cleantng —conmpositions, a paper
repul ping aid for the destruction of wet strength
rAsiivesQxpgeh Reasurelheat in anti m crobi al conpositions.
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Aoake OBYEINE waeoﬁa’m@omouacw ierhuEal m@rmmﬁél Buietin,

(RO RERR et A PRGHIBIR AR R il Gl e MerfBurs

@ esyhpaiiy rBrlitQ‘IyO B w&lghedalifaet oMRERKINSiAC td HE dRENERA is

I\/leasurerrent In al'l exanples, active oxygen

c@h&%wfatqodmgew@(w s agidified, ientgast with anjassium iodide,

R i s EraR R T B bbb Bk 38888t o an
Tasdpvistalisualf-ed it 4 etircRundiekion, The ditive M@éﬁ{:ﬁiﬁ)) content
dated April 2000, published by E. 1. du Pont de '
l\@r?é‘!ﬁ%ateﬁrﬂ?feﬂ%%y Briefly, a weighed aliquot of
the solution to be analyzed is diluted with cold '
dei oni zed water, acidified, treated with potassium = -
i odi de% A@ne 0.8¢altiew: o fithard] mhidianedity Of tirahtyf8ample
' g}leate reagent to.an endpoint visualized by a
ghdi cator. The active oxygen (AO) cont ent 15 .-

. |s cal cul ated as fol | ows:

Equlvalently, the % KHSOs' concentratlon may be calculated by
% KHSOs = % AQ/0.105.
EXAMPLES

.The.following examples are presented. to dem_on_st;ate th_e R

: invenﬁon, but are not intended o be limiting. .~ -

o Examgle1

30,

.- OXONE brand potassuum monopersulfate {104 g, 4. 52% acthe

- oxygen as the solid) was slurried w;th 52 g of delonxzed water (equnvalent : o

to 200 g OXONE per 10(] g water). The slurry was stirred overmghi at

'=-‘amb1ent room temperature (22°C +H: 2°C) and theﬂ f‘ltered through a




% AO = 0.8(Volune of titrant, nmL)(Normality of

(Sanple Wight, g) 20 Equivalently, the %
Wé&@@)‘%ynoent ration may be cal cul ated by: % IMHSUB2064/016043
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%AQ"0. 105. EXAMPLES The fol |l ow ng exanples are
presented to denonstrate the . 25 invention, but are

naaise glhdsdilteofiimd tdidrhog uﬁdegabs ja and
, 2% aotlve oxygen .

i, um no ersul fate (104
3’ %f%SF{m) aﬁelsafdﬂfratedwaﬁ anaeacajiyoihanmtenzeeds follows:
wat er }equl valent 30 to 200 g OXONE per 100 g water).
The sPupFvasygan r 2&8 over ni §HHEO;ambi ent paem

t enpe (22C +/ ; ) and then filtered through a
12 V\o/%'gﬁ%sgsl? pEHUS200 /BT0043  coar se Bi%ss

filter Tolmiiksolocd Smide (trodP swolaegd potassium sul fate
and Dbi e salts, The clear filtrate was

anal yti %‘E’F‘e etiar @Bsdaizle®O0as f ol.Fdws: % active oxygen
2.98 %HSO® 28.4 UKHSO4 13.5 pH 0.9 5 Tot al

Di ssol V88 reepvery of tlmsKH&@mctma/mrgmnaatwaa 9864 Tohddlete

ot tis, Syl TR Bl folbfish s o Somes s dF magy wosks
swithtonhnwmslsssesi@ﬁacﬁtt@bi@ feﬁrodﬁ?éﬁt &@rﬁgérab‘t\é t?gﬂ?{) it

m nor | osses in active oxygen content rab
pF?’o‘fergtoPaﬁ?PfBBmﬁPIL@ﬁaB, 2vahowod 3ablet2.ons, as shown
in Table 2. Table 2. Stability of solutions. % Active

Orygemn. Rg%"ﬁi’,'a’%m@f's Period (based on initial

content entional Sol uti on* Hi gh-strength

JOI Ut | ONi, I'(UUIII TCII er-at yre:*-35C Room-

Tenper at Uf eééﬁ\f%?f( A g %P axied %éedl%lm%)?@?)ﬁem) |

1 - | Conventional Solution* High-strength Solution*

{ Time Room Temperature®* | 35°C | Room Temperature** | 35°C -
Initial (0 | 100 100 100 1100 |
days) : _ , : R

] 1week | 100 93 98 | 96
2 weeks | 99 | 87 97 B3

| 1month |96 180 |95 | 185 -

2 54 [0 Jer 68
months - ' o o

*Conventional complete solut:ons were prepared by drssot\nng ‘!2 6 g
OXONE brand potassium monopersuifate in 100 g deionized water at
room temperature (11.2 wt.%, 0.51% active oxygen content). High- ~
strength potassium hydrogen peroxymonosulfate solutions of the present
invention were prepared as described in Example 1

**Room temperature was 22°C +—~2° C

The data inTabie 2 showed that conventronal complete solutrons

the same stabzlrty at room temperature and an elevated temperature of

' o5°C Stabrlrty data was measured fora perrod of up to two months a

practrcal trmrt for the storage of all potassrum monopersulfate solut;ons at SR




1 week 100 93 98 96 2 weeks 99 87 97 93 1 nonth 96

80 95 851 2 94 70 91 68 nonths *Convent i onal conpl ete
WO ¥($0%13ns were prepared by dissolving 12.6 ocr¥ENF/010043

brand potassi um nonopersul fate in 100 g dei oni zed

water at roomtenperature (11.2 w.% 0.51% active

6N BB eRitEr ' ass| um h dro
peroxym)nosulf%\l{‘}(e‘y'éaﬁJg ‘%15100?1% og?ﬁér% &g‘f’ yeq 9@'3?? on
uRdesigbipar ed as described in Exanple 1. **Room -
tenperature was 22C +/- 2C. The data in Table 2 showed

hat to tional conplete solutions 20 and the
E@W&%ﬁ-& h solutions of the present invention had
apprOX| mately the sane stability at roomtenperature
5 and ahh %ﬁvré%realassﬂqmreed memrdueﬁ@ h@[rabirengm megs,um

PR B matoie R solidhs fEirstpr Pr&ﬁ?"‘b@t"ﬁ%% At a range

cnfmaeﬂﬂrcx:xmbéatratus:ﬁd Hihd @08r 8twids ringe WRAIOH-AGY ei%-b d
PCT 82(% 8 043 roomtenperature sl nce Ioss of %
Brand rotgssiyanmonopersidiete 4hF2% Betivp| es

, T I t t
e R e
10 @‘@iemmM\nﬂtelt HEheps it weery efitré@ Bt 8bnStahBRIfpeiure
iQgns ‘and _over a wi de range in

(Wéﬁ%fg?a&ﬁﬁgé 'e“':{)@?a{aﬁ 4 Tabimdnt 5aelt slompveee eanmbpatedsa;.thm |
S’ESS???F%‘&"#@?%%W%*%%&E% UL 5 1075 b furs.

Eschorlumy wasdiltiesed as ddseribbd i Eaamm d yieldiriced oidar filtrate
in

ure (water. bath) as indjcated R
1§ 885 808 L T IR Tt Hise gl Shifions B chtatsd wars analytically
15 chaemitéfissl 4o BRE6WALIHTbIOR, at | east three hours and no. -
| onger than 24 hours. _ R

Comparative Fxamples A-E

These examples :ilustrated preparatlon of complete soiuhons of the '-
~ prior art. Weighed amounts of OXONE brand potassrum monopersuifate '
20 (4 52% active oxygen as the solid) as SpeClﬁed in Tabie 3 were d lssohred ‘
in 100 grams of deionized water at the specified temperature In each |
case, no excess solid remained undlssolved The values in Table 3
 represent the maximum conventional solubility of potass;um S

monopersulfate In water. The % active oxygen content for each so[ution

25 _|s given in Table 3. ln every case, the welght ratio of SO5 to total 804 zs

o 9




Each slurry was filtered as described in Exanple 1

i a clear filtrate in each case. The
woyioﬁ{]&%‘xr o PCT/US2004/010043
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o1 U 1 I y
°/c acti ve| ox en cont e for| ea@dSol utiof 255.8s gi ven

ngth sol utions thus obtained were
anal ytically 15 characterized as shown in Table 3.
Conpar ati ve Exanples A-E These exanples illustrated
preparation of conplete solutions of the prior art.
Veallees] anounts of OXONE brand potassi um
nonopersul fate 20 (4.52% active oxygen as the solid)

aspsRgat f Teghpl chabéex%) NEwe E&fﬁ% r@@ in h9 0 e of

del oni zed vvaf er éi’%oéﬁ%‘{j f\,g eratu each
cCasSE sTU FSS™S ﬁ=d§=erﬁ= ' jes
in Ta Ie repre ent "t he naxi conventi onal

s buhiitv—ef—pot-assium Aphoper sulfate jln water. The

[ 3. 4Yn evnry’ic'iase, he Od® ght ratlio of S05 to
total S04 is thefsanme as that of solid state
pbt agki um noibper sul 33t e and i g fgual to]| 0.9. 14 W
2004/ 089817 PCT/ UsS2004/ 010043 Tabl e 3. E:xanpl e Terrp.
G g GXONEW WpACT 1Ve @gpgen It2| 'e (’4) Pery }0ogt
3Ltehght { 2 Ggl8 0} 69,3 0 12 Conp. A 0 11
0

6

6

3 .
45 4 1P 35 1.17{5 142269 4 Com B 10 21 0O} 78
’7

5557201465 _nnr'nf"’) 30 1.04 8| 30

_20 Z L. LUL = =
b 163 b 3¢%01 B, 1922 7 X

7 20 | 165 T 2.82 2.7
CompC | 20 30 1.04

8 309 | 62 173
8 30° | 221 341 T 27
| Comp.p 30® 34 1.15

10 | 409 | 80 | Zo01

11 | 409 | 291 3.36 [ 25
Comp.E 409 | 42 | 134

(1) OXONE brand potassium monopersulfate :

(2) Multipte is percent active oxygen of Example divided by percent
active oxygen of Comparative Example listed in same box of Table.

.(3) If elevated filtrate temperature is not maintained for the 30°C and
40°C examples, solute will precipitate and this may reduce the active
oxygen concentration, dependmg on which salt(s) comes out of solution. -

In Tabie 3, Examples 2,4, 6,8 and 10 represented for the o

‘ temperature lrsted the mmlmum ratno of potassrum monopersulfate to B
'water (grams’ potasszurn monopersuifate to 100g water) in the -
composrtons of the present lnven’non ~The minimum ratio provrded a

| i !trate havmg about 1 5 tlmes more actlve oxygen at the same

. temperature th'm the complete soluuon of the pnor art represented by

. .Comparatlve Examples A E The mu!tlple for the Comparatrve Example




Con'p D3031 34 1.15 10 40 80 2.01 11 40 291 3.36 2.5
' E 40131 42 1.34 5 (1) OXONE brand potassi um
_Woﬁ@g}éff’éi%ul fate (2) Miltiple is percent activeCoAEYWH/010043
of Exanple divided by percent active oxygen of
Conmparative Exanple listed in same box of Table. (3)

4 ve| Exanple 2. G:mmpamtwerﬁmeampler@ vb SER@hpheit NCaimperathes
solute wll

d
%"@Pt%a?'g %@%P%OQ expgg%tl)’@eEﬁfEP@c@l\"&eEX@Wﬁ and

CUHReAR [ [ t(s) conmes out of
sol U?Iﬁ:@élﬁ@%ﬂé@{?g %rﬁglew% 516‘436 8 and 10

r epr ederiadie BoExamleStiﬁrﬁ:)efr & ame 11 irepredente furheum
o) mmano r te tqo 15 water r ams
s kBl RuRd Tar BARRTEE e taeun eopAulrle o
QEPORI thetordpodifthsPbRe riireéé}’z‘ﬁﬁ@ér‘r’t[)bo u;r'hﬁs R A Patio

.ratio provided a filtrate having a .5 tinmes nore
sivePeiapghim manapesswiate per dAPenveater) suchihat thedoss of

RSB OSHSEL T W SRR i
Gooraress ilfate Exeuadein1os \6F RPG1.08 Qﬁé Eeparai.lon step. Use of
CT/ USZOO4/ 010043 A vs. Exanple Conparative :

10 aélOB of po @@&fmmompeaﬁwﬁ%tedmwer phcigidsautigns

GG fRorflatfcR B el St UIR o) Yo TABRRBENE ofiten .
e e i
ombe Tl § shiws dhat, it e ERaperatTeRRbe 68 L d0° Cnactive

BRRIANEohEBIRTHICAS.of The okBBnd 1f icthicBent HivBion are 25 10

15 E&s@'I‘IQS highwei tbsnlth@dow\ﬁﬁbnahcbm{ételsbmm waddifighallys e
ate resul ted:in

SomBafid e e RAHHSt R Phet St cariospiretions Rbthe
s6lutions of tHoprRIShEMVERIGPEFS lﬂvﬁél'tc%rFé%pWﬁHﬁfg wtﬂé'rﬂ&%

sol utions
sulfate saits removed by filiration. In commercial practice, operat:on at 0°

‘ ‘and 40°C i is not anticipated. SOs/SO, ratios for examples are shown m
20 Table 4,

18




havi ng from about 2.5 tinmes up to about 5.5 tinmes nore

[ xygen than in the Conparative Exanples A-E
woRlsfd

10

15,

s nultiple in Table 3). Table 3 show{IHaI2004/010043
within the tenperature range 0 - 40C, active oxygen
concentrations of the solutions of the present
| habletd.on are 2.5 to 15 5.5 tinmes higher than the
conventional conplete solution. Additionally, conpared
vtﬂE}b#tl{TEerﬁpﬂ %Q@I@S@ﬁ Ll% RABO] N6 TS N8k Gogidual | SO5/SO,P
cdoncentratidns of the solutions o tt%uﬁfgssent
ijnventji on arle | ower g¢orresponding to t;e gﬁ(ed

sul fatje saltsrem)ved by filtyation. | T@,r|‘|al
Faett ce: ger $I ehA—at+—00—and—40C i-s o Wa

405/ S04 1 at T RDRS Wik T a?tésss%%wrtoﬁeeslfarem e 4.

6 YO [2GPé/ Q898EE P ' Uszgu4/ )IU&)&g ? TOI
enp. % KHSOB % KHSO4 [ % TDS % | esi dual 805 04 T
ul $at|e80°C (maifl.y K2SOAPR (2] Bx@appl ¢s whith m ni maag
napar ata’)QCGSQ 14.8. 5411 01

At acall 11 o1l
Ut S Nl Id ILIIU'J T o1 i ac T - 0
C180E 1 2 B o 7 190.80c[20.18.19. 4] 2018:1

. 2 7.4 9431
Dnoner aul I s i AR RO A %?Z?‘E‘?ﬁfate? 20C

AT N ==

-

47.% 11.08C47.6 B.% 1]6: 11.111 ROGIBE. 9]14. 4057, | 9181
6+ —Conparati-ve Exanple{cbaplete solution)! C 20C
4 o7 5629% { 7.80.9]1 1D Tbs 4tbtal di%8ol ved 1.6:1
qol1hd9. 348 [Calgy ated e fFetence; TDS=(%
KHSOB 1+ % KHSOA ?act ua?1 “val uesﬁc br K2S 48are 1611
4lightly | ess ChaparstaviBxaiuge (@nafiEt kolagpsnt s of
C | 20°C 9.9 5.6 23.1 7.6 0.9:11%

(1) TDS: total dissolved solids.

(2) Calculated value by difference TDS — (% KHSOs + % KHSO4) actual
values for K;SOy are slightly less than shown due to small-amounts of -
additives and impurities in the potassium monopersulfate

(3) Weight ratio of SOs to totat SO,.

(4) SOs/S0, ratio for conventional fotal solutions at all temperatures is
dictated by the solid state composxtlon of potassmm monopersulfate

" Example 12

t Thrs example illustrated how a high- strength solutron of the present
invention was used to make-up a copper microetch bath wrth lower mert
sulfate content and hrgher copper ioadmg capacrty A hrgh—strength
potassium hydrogen peroxymonosulfate so!utlon was prepared as
described in Example 1 Frfty grams of a mlcroetch bath was prepared by -
dllutmg 15 3g of the hlgh—strength solutron wrth 347 g detonrzed water

- thus prodtcing a solution with 0. 91 %- active oxygen and 4. 1% sulfate (as

- 20

SQ4). The microstch solution was equrhbrated fo aO"C with strrrrng A pre-'_ |
weighed, 2.5-inch square (40 3 cm 3 copper—clad substrate was p!aced . '

~ the bath and microetched mr G totat of 40 minutes, untli tne pornt when

. copper sulfate was first observed to precrpltate At this pornt the substrate
AT '




5 additives and inpurities in the potassium
monoper $ul fate. (3) Wight ratio of {805 to total 504.
WO 20040898(35/ SO4 ratio for conventional total sdGCRUMNE/ED043
all tenperatures is dictated by the solid state
conmposition of potassi um nonopersulfate. o0 Exanple
whg réfioved xaigad; driddusid RLaidHal. an highost e egj B Cp was
0 na

solution of the present _invention was used e-up
renevssh drdingtinha corpeatoading papasiiyrofi2fed g pesl G0 @ of

: ' c di,n J A .
SAE P B Bon SR, TR VR AR SR AT I enie,
eqmrihennwaaS4 s mimoithas/mip. (OBESeidragbien/hpWtead -
. Fifty granms g a mcroetch bath was prepared by
5 ingigl @%’qfhf@lq 5 4 & BicreRehaaarndi S pigrongtersmmwilte
-0 Q| : ' l.ution
et b 2ufRts Bhilied clkhoRtBM IR g )
clractsirstio ihatte pitidt appearasce qUhssd redudid dre SIGEMatiEsd in

St rri A pr wei ghed, 2.5-inch s re (40.3 cm
Takls WR@F%"%}E@H%%P%E&AEUHE fanﬂplgﬁ‘é}tw( shawed Hiat by
g _ UL L1t be no
D SR RBEND pAck Skl 19 RUk PR bl o
10 thgrprepgnttiavention tormiakengl acopper midvegtchthath1fivoMald longer

o R S A S B e e

lohveievlste lbadi cating a copper |oading capacity of 24.3
g per 1000 g of starting mcroetch solution. The

average etch rate during the entire experinent was
‘ i orél. mn (0.88 mcroneters/mn) with an s
CotwBrdfie FeSFL of 45.3 mcroinches/mn (1.15
mcroneters/mn). ., The, resultant. copper surface
15 e DR endinte st e et A& e Gha o
ioTB&1ch Hakhls 8668 coRhiSeR ; Wiweri zed
m;_ n Tabl.e 5¥.,€\n§?ﬁqtéﬂg rescgﬁﬁé%r%ﬁw%&ﬂngg?gﬁs\%e Exanpl e
‘mpnopagulaieeaiutiomt Filty gramsef anticrgietch bathowas poeparediy
o ' r pRasul f ate solution of io.the sent
YRR, B SRONT bl Bl st Fuber Sutals BUSRR o
(4lsavgeictivd akpgen ke solig) #3010 gﬂb@ibh&@ﬂﬂﬁéte‘r,%%ﬁﬁo?ucing a

capaci ty was achi.eved due to the |ower sulfate |oad.
20  solution with 0.91% active oxygen and 6.4% sulfate (as SO,). The

microett:h solution was equilibrated to 30°C with stirring. A bre—weighed, N
_'2.5~inch square (40.3 cr_nz) _coppér—'clad substrate was _'p'laced_in_ the'bath
and rriicroetched for a total bf 20 minuies,*until tﬁe poiht when cﬁbpp’er
sulfate Was_ first observed to precipitate. A{_th'is‘pdint the substrate was
25 remond,, ﬁnse_d, dried and fe—weig.hed. Atotal of 0.749 of Cu wa's._
 removed, indicating a copper loading capacity of 14.8 g per 1000 g of
'- stéfting microé'tchﬁs-oluﬁbhl.ﬂi'"ll":hé: éﬁéFégé etch _r'a_tét'&uriﬁg -fhe..exjﬁ're :
: ..;'"ex_pér'iment_Was-42".4 'mi‘croincheslmin‘_'(‘l .'0_8 rﬁi‘cr'p'r_qétérslﬁ.‘-_uiﬁ,;)”with ar'i'_
initial etch rate of 32.3 microinches/min. (0.82 micrometers/min ). The
o 307 resultant éoppef surface 'exhibitéd _enhanc_:éd roug.hrie§s' éﬁd'a |
R i_:-héra;ﬁtéris_t_ib "-matte pink” Vappearénde._ Theseresults ar.c_é‘_-su'mﬁi.éﬁzéd in -
~ Table 5. P | S
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Conparative Exanple F 15 This exanple illustrated the
(99659%9%5"’9 characteristics of a mcroetch bath of a
conventional conplete solution of potassium PCT/US2004/010043
nonoper sul fate solution. Fifty granms of a m croetch

bath was prepared by dissolving 10.1 g of OXONE brand

pot assi um nonopersul fate solution (4.52% active

0 52 Lech) 9 g deionized water, thus
p;%‘ngwgﬂ%%g@gpmﬁ%gﬁ with 0.91% active oxygen and

64 sutfate(as—S64)—Fhe—pmicroetch solution was
eq Sg%l'lﬁbtfegtg @ to 30C|i¥ReiZring. A |Cenpeiipeizample F
2| SOL/BCN k&id 40.[3 £M2) Topper— mch) stbstfate-was——
laced in the hath iand mcroetched flor"a total of 20

Pl-acel -

A 4o presipitatet he pdidnhinvhen copper Duhi,at e was
f | £8800observed to precipitate. At thijs point the
S

i ndi catri E’P a copper |l oading capacity of 14.8 g per _
1000 gl8Ple aearpanes xerpie dR wth CoimperafReERYATAYE. The
ebSRnEAL&n LAY L he- Lre. experiment was 42. ' :
moor o ﬂ% egﬁ*ﬁ]‘”%a éﬁ?‘ﬁ&‘fﬂ#ﬁ%ﬁm @B&Sﬁ'ieﬁlg}h #plutioref the present
i invention ef Ekamplee 12f a 33pBefirideb b4k o

n cr.ﬁret ehz/_ﬁi H é The g% resul tgﬁﬁép%p%p%%ragégéhat
RISt MRl d Broerdeatirliés and e % hightearcapper Ioziding

" PiThe: results mrarj zed |
in‘fﬁ*ﬂa ¢ Mf@%@“%%“%%ﬁiﬁ%&@%%@ﬁ%ﬁ@%%ﬁd eight ratio
TatP@npleNiZand incheatgd Eesiyaifichenmsibesmsht f %@ '
Conpar ati ve Exanple F SOS/ S04 vvehiﬁght ratio 1. r%pglc%@
Time to precipitate 40 min 20 min CuSO4 Cu Loading
Capacity 24.3 g Cu/ kg solution 14.8 g Cu/ kg sol ution

Tabl e 5 conpares Exanple 12 with Conparative Exanple

F. The conparison showed that, by using the ‘ :

hi gh-strength solution of the present s invention of =
Exanpl e 12, a copper m croetch bath was prepared trh-at :




provided a two-fold | onger bath life and 64% hi gher
copper | oading capacity. These differences were due
to the higher S051S04 weight ratio in Exanple 12 and
i ndicated a significant inprovenent in bath capacity.
19 CLAIM5S 1. A conposition conprising a solution of
pot assi um hydrogen per oxynonosul fate having a m ni nrum
wei ght ratio of SOb to SO4 of greater than 1.0:1. 2.
The conposition of claim g amninmmratio of
SO5 to SO of greater than 1.2:1. 3. The conposition
of claiml1l having a mninmnumratio of SO6 to SO4 of

greajt g . 3 e ostlonof claim1
Purthids chiiBshor comphsink oSBT borBlsity Hifodire
pgoryponosdfaié hagngfa mtmmﬁﬁérgatzr&ﬂ:o\mlm fosSObff gﬂalafer than

gmd phosphoric acid or nitric acid, a G to
rganl c acid, a surfactant, a stabilizer, and an etch

r at e, Tﬁéjd:cfmﬁésm& ofl818i n?q”i‘i&Qﬁl'gté %lﬁ‘fun? Fa’%‘?rﬁf%éﬂot%r of

nprising a mcroetching solution.
9"@6@56‘3@% jl.of claim1 further corrprl SI ng a chenical

o ey kool $itpala LA FD s Bsoc o

grpateytiyamhd@sul f at e of claiml conprl sing a) mxing
sol i KHSCh. KE yantity of wa
s TS SO GG JugPet GrDarting agcAdiang pelcbied

frofntha@grdu cori wngfbf%qmdebél%ﬁﬂwﬁicﬁﬁé ¥ulf@tdadid, phosphonc acid
aratlng undi ssol ved solids to obtain a solution

Ofduglpaﬁq'ﬁ Calq Gnerganisasidod surastanis al st@hlbzeromcéan etdhaiate
mbgifisP! utions when 2KHSGE. KHSO4. K. 2 SO4 is conpletely

di ssol ved. 20 8. Process of claim7 wherein at | east

52 ¢p.sldlet cargpositicetofvélaim 1 0frthemedmaprising azﬁlcfbetéhlng solution.

Pr ogfsﬁweoéorﬁp(?&ttlgn?omgrmejl r}utrtngr é:/\g%pe)rrls:hgs adc Ie?mt':a% mechanical
polishing slurry.

7. A process for the preparation of a solution of potassium hydrogen
peroxymonosulfate of claim 1 comprising a) mixing solid 2KHS05.KHS04.K.» SO4
with a quantity of water insufficient to completely dissolve the solid, b) mixing to
form an equlibrated slurry, and c) separating undissolved solids to obtain a
solution containing a lower level of inert sulfate content than in solutions when
2KHS0s5.KHS04.K.2 SO, is completely dissolved. |

20



10. Process of claim?7 further conprising, after
separati ng undi ssolved solids, adding an adjuvant
selected fromthe group consisting of a mneral acid
which is sulfuric acid, phosphoric acid, or nitric
acid, a C, to C4 organic acid, a surfactant, a
stabilizer, and an etch rate nodifier. 11. An inproved
nmet hod of m croetching a surface wherein the

i nprovenent conprises contacting the surface to be
etched with a solution of potassium hydrogen

per oxynonosul fate having a mninumratio of SOB to SO
of g8.cRoeess biclaiin D wherdia.at Tdwst Btd1eslt 8fmixka@with 1100 g water
wherein the solution has a mninumratio of SO05 to
so4 B greater than 1.5:1. 13. The nethod of claim 11
wherein the surface to be etched is a netal. 14. The
met hod of claim 11 wherein the surface to be etched is
a ned-dfrocesmelclaige fivdwneindne water ip defanizbdavatieng boar d.

12 O et Ut EoMFRlL shbP B LA%F hdsheo
selidso adding@Ereadjudant sblecesdfroinehe grodp consistigaofeopieral acid
lg/ﬁ%{i?%mf&ra g&&t ghoosfphglt'ic lag%?g)r %i?l‘i(g ac(;:iglo g ?.{1 tg %4 ol:(fgqanic acid, a
surfactant, a stabilizer, and an etch rate modifier.

11. An improved method of microetching a surface wherein the
improvement comprises contacting the surface to be etched with a solution of
potassium hydrogen peroxymonosulfate having a minimum ratio of SOs to SO,
of greater than 1.0:1.

12. The method of claim 11 wherein the solution has a minimum ratio of
S0Os to SO, of greater than 1.5:1.

13. The method of claim 11 wherein the surface to be etched is a metal.

14. The method of claim 11 wherein the surface to be etched is a metal
coated semiconductor or printed wiring board.

15. The method of claim 11 wherein the surface to be etched is clad with

‘copper or copper alloy.
16. The method of claim 11 wherein the solution has a copper loading

capacity of at least 15 g copper per kg solution.
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