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that the purity of commercially available potassium monopersulfate is
about 95% to about 98% due to the presence of minor impurities, minor

20 amounts of additives (such as an anticaking agent), and variations in
manufacturing processes.

The term “KHSOs”, the formula of the active component in the triple
salt, is used herein specifically to denote potassium hydrogen
peroxymonosulfate itself.

25 The production of modern printed wiring boards, also known as
printed circuit boards, for developing the desired electrically conductive
pattern onto plastic or other substrates clad with copper foil is a complex
process. In the process, electrical interconnections are made by
selectively removing unwanted copper foil or adding additional copper to

30 the substrates. The process requires careful removal of excess copper,
reagents remaining from the copper deposition, powder, dust, oxides, and

other debris or residuals after each construction step. It is not unusual for
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oxygen. The present invention provides suc
soemntuaﬂy the bath must be replaced, else staining of the boards occurs
and quality declines. While additional potassium monopersulfate may be
added to supplement decreasing active oxygen, sulfate salts build up,
limiting the useful life of the bath.
It is desirable to improve the microetching process through use of
microetching solutions providing lower inert sulfate concentrations and
higher weight percent active oxygen. The present invention provides such

solutions.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention comprises a high-strength or concentrated
aqueous solution of KHSOs prepared by partially dissolving potassium
25 monopersulfate in water, while selectively dissolving more of the KHSOs3
component together with some KHSO, and relatively little K.SO4. Thus
the solutions of the present invention have a higher concentration of
KHSOs than prior art potassium monopersulfate solutions.
Commercially available prior art potassium monopersulfate
30  products contain typically about 4.7% active oxygen. Commercial
potassium monopersulfate usually contains anti-caking agents, such as
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losing about 3% active oxygen/month, compared with a loss of less than
about 1% active oxygen/month for solid potassium monopersulfate. This
stability of the potassium monopersulfate solutions is sufficient for uses
where the solution is to be used within a few weeks, depending upon
storage temperature.



Tabl e 1. Aqueous solubility val ues versus tenperature
(g/ 100 g water). Tenperature Triple Salt* KHSOb KHSO4
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2KHSO5- KHSO4-K2S0,

The high-strength solution of the present invention is prepared by
slurrying solid potassium monopersulfate (e.g9., OXONE monopersulfate
compound) with a limited amount of water. The amount of water used is
insufficient to completely dissolve the solid. The resultant slurry is stirred
and equilibrated at the selected temperature for a length of time sufficient
to dissolve the maximum concentration of the KHSOs active component.
Since the KHSO5 component is the most soluble (see Table 1), most of
the potassium sulfate and some of the potassium hydrogen sulfate (the
inert stabilizing sulfates in potassium monopersulfate) remain undissolved.
Undissolved solids are then separated from the slurry by any of a number
of suitable means, including but not limited to filtration, centrifugation,
sedimentation and the like. The clear filtrate or decanted liquid is the high-
strength potassium hydrogen peroxymonosulfate solution of the present

invention, and is stored in suitable acid- and oxidation-resistant containers,
5
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hi gh density pol y(propyl ene) and stainless steel for
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below 0°C and above 40°C is not considered practical for commercial use.
The data in Table 2 provides information on the minimum and maximum
25 amounts of potassium monopersulfate to be used with 100g water to
obtain compositions of the present invention. The minimum amounts
represent grams of potassium monopersulfate to be used with 100g water,
at the specified temperature, to provide compositions having 1.5 times the
active oxygen content of a complete solution of potassium
30  monopersulfaie. The maximum amounis represent grams potassium
monopersulfate to be used with 1009 water, at the specified temperature,
to provide compositions having up to 5.5 times the active oxygen content

of a complete solution of potassium monopersulfate.
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solutions of the present invention have stability comparable to prior art
complete solutions. Table 2 below shows the stability of the active oxygen
versus time at ambient and 35°C for the filtrates of Example 1. The
25  concentrated solutions of the present invention, from which sulfate salts
have been removed, are as stable as the complete solutions of the prior
art.
The high-strength solutions of the present invention have a higher
S0s5/S0,4 weight ratio than the complete solutions of the prior art . This
30 ratio is measured or calculated after undissolved sulfate salts have been
removed, but before any addition of adjuvants. Dilution does not affect
this ratio. The SO5/S0,4 weight ratio for the solid potassium

monopersulfate and all complete solutions prepared from commercially
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The concentrated KHSOs solutions of the present invention are
advantageous in several end uses. An example is the preparation of
25 microetch concentrates for use in the manufacture of printed wiring
boards. In this use, the high-strength concentrate can be used as is or
diluted as necessary. The high-strength concentrate provides a desirable
combination of higher active oxygen concentration and lower sulfate level.
The present invention further comprises an improved method of
30 microetching a surface wherein the improvemnent comprises contacting the
surface with the potassium hydrogen peroxymonosulfate solution of the
present invention having a minimum ratio of SO5 to SO, of greater than

1.0:1. This improved method is useful for etching metal surfaces, for
8
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are advantageous in several end uses. An exanple is
t he preparatl on of 25 mcroetch concentrates for use

f act f i K i. '
| eXarnlg T B RsEES 10 et HeE] witing PBaRRES SernleBnb Ok rs.
orThelhlghef @ctive B nteniafioRs ahtRs s&@0G6ks of the present
concentrate rovides a desirable conbination of )
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m Cr o€t ¢ a surface
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e _pot assi um hydro eroxynonosul fate sol utj
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useg%goérlrﬂé?%ﬁﬁr%w%s of- coﬁ&h&ois’@é&%ﬁm SBifepedri s

flor metal surfaces, for
20&]9{;@&%@9 W@Teuume@mmn@eamnoexanpe@ td) aelgptm@g sIBove

t h t d d
i s BhPe SRy BEmSRh i LuBEG 1 GPR 4PhY The s of
Ofthbftﬁegéﬁﬁﬁ{)énudrﬂwm ) @préﬁl@éﬂmgbeﬁ)dwgwét matsah 5 g per

| oadi'ng capacity in such processes when used
ni kg selutinh ngreterablyi abneast A 7gopertkgeselybion and m@r%Perﬁ(@bly

ot BEY 50llig 35 250N AR AEbEOHAR AR Regseg, gnd path
of it he esRInded@incd sulfaie tontdnrtrationsi aelsmbstarﬁidllymedLméd, as
is useful in etching printed wirin

d
seshawniuEramples taiai (1]- Eoppe sgptions %PSPJ%%V invention
m@érﬁéﬁré&%&?rﬁ@oﬁéfaﬁ éBl‘ﬂltlbﬁs 3?%[4 hfeﬁlssiﬁbiee%\*sba &l.5 times

refove” unwanted copper or e surface
t olpagen prgferdblg ZStirheas Icmmr,oénd mdadré epr@femmz 5 timestlonger.

h |
g ot uRPIRS: saIdfen BN plaefoniprst Piapt8afl Migh used
an%, Whitfoeke rﬁ%ﬁ@'c‘f%ar%@% BRAtOwFPYBdRE mﬁﬂifﬁcture The

vity and throu ut are iIncreased, and bath life :
i stoemgmrdnds&hamtsm&dabye agotghenedmesaliiraical surface, thereby

15,'8%&24% R HiER GREDGFOT KA Bl SRVER EPgd pBieSion for
COFR&RG GridreBist Rafmiﬁéhon@ O gHeof3RE KHSOS cabdehowefer asd
increaSed 1.5 tines preferably 2 tinmes

| osigréace texduremias e u_sar@chgy %Qagdltlpﬁég a mw@éal acid to the
solution. Phosphoric acid produces a relatively smoother topography
whereas sulfuric acid increases roughness. Typically, about 1 - 5 percent
mineral acid by volume of KHSOs solution is used. KHSOs is also
effective at lower temperatures than other microetchants. For example,
KHSOs is effective at about 24° - 32°C whereas hydrogen
peroxide/sulfuric acid solutions require temperatures of about 46° - 54°C.

The copper or copper alloy clad substrates subjected to

microetching comprise any plies of plastic, fiber glass or other material fo
which copper foil is adhered or upon which copper is deposited,
electrolessly or electrolytically. The substrates can be single or multiple

plies in the form of composite or layered structures such as laminates and
9



KHSO5 sol ution provides a superior copper topography
when used as m croetchant and cleaner in printed
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characterized by a roughened netal | urgi cal surface,
thereby 20 providing a sufficient nunber of keying
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" eoifRs R, SudR HpRER £y Mnstaidt Jd PRyARcy 42,

e o conan
| .

pribaerals holesepathe wels 9%&%?0%?83%5 sap deesiteddor

Su%l%&frfc%l BirthchBA! SHIAE IAARRAIEES mullR) S datds MR

m ner al  acli y vo
sah'\utroeimhed "miecdeanédsmuaﬁy abseroes fimesidusingtorinde@ wiring

t h
KRR TebeRarY | MR e han Sl R STOgBTA, et SR B Sejufion is
# U%Agﬁdf%ﬂréylhg%r%mbrgi@ln%ﬂdy@ef eRdi Sudstafenal baes

he copper or copper alloy clad
s ufosmedtweith thebtebings oo aniddhe spbtiiocngasdipapBliechinany
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vvh?@ﬁr%ﬂg 'e?tom?“{‘ 'badhered or upon whi ch copper is
deposi t gle higH-&féigth osassian ra/de@gérobamymdnmsulfate
substrates can be single, or mJItl ple plies in

f wwmn% @hﬁb@s?reéemrlnvwmesq %@. Upefubas @lﬁqmagnent of a
er ma eri aﬁﬁlcg\g)&%%%oggér cla %@‘H@l@%ﬁor polishing

t rates
| amet@ltleyzeraraend thimnfiast aszoalated \Anthesqmmcnncmmbtm mangfacture.

oo e Thbical SamEAndiloE Fea st Orad’ are 3Pl offpiidns of
el 5¢hJd &é\hc&gm?@%' iR®r on é‘§||l|§oﬂ\ §ﬂb§t?été$ e a‘%ﬂvbl delieds,

boar ds nust m croet ched and cl eaned, usually
nuwhiohuaretinitially tholdted frpm nneanathemare Watadito form functional

fabricatio cat| f .the_ m. [

cl %Iéq.Hl %cgpcefﬁggﬁe \pgles[)?re i eggﬁgrﬁrggcggd Iﬂ%u |§ ﬂa% use
of oF\%W(ho%aﬁuFﬁliéb/%l fn@ér%énh@ctﬂ)rl%atIhteré@iﬂmﬁlowﬁtmctdres
etching solution, and the solution can be applied in

angornaalhehaveoa fiestilaver afanefaliization ﬁfblnﬁﬁfgﬁt\%%?t@ﬁ‘g‘?bier a
oSS L AR R06 YR BRTA st 1R eosmelyerte
C hpiVeRPbf retiieaiten Imeklésélidiglestrwsrsxxch&sodomwamd andoped
are used for oI i shin
silicon dioxide (SiO,), are used to electrically isolate the different levels of
metallization in a silicon substrate or well. The electrical connections
between different interconnection levels are made through the use of
metallized vias. Metal contacts are used to form electrical connections
between interconnection levels and devices formed in a well.

In a typical chemical mechanical polishing process, the substrate is
placed in direct contact with a rotating polishing pad. A carrier applies
pressure against the backside of the substrate. During the polishing
process, the pad and table are rotated while a downward force is
maintained against the substrate back. An abrasive and chemically
reactive solution, commonly referred io as a “slurry” is deposited onto the

pad during polishing. The slurry initiates the polishing process by
10
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active devices fornmed in or on a silicon substrate.
The active devices, which are |n|t|aIIy i sol ated from
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POl 8Bkt to chiorine bleaches such as calcium hypochlorite, the solution
of the present invention provides oxidation without undesirable side-effects
such as bleaching or fading of vinyl liners, painted surfaces, or swimsuit
fabrics. Other uses include the active bleach component in other cleaning
compositions, a paper repulping aid for the destruction of wet strength
resins, and an oxidizer in antimicrobial compositions.

Potassium monopersulfate compound may be shipped in its most
stable solid form, then converted to the high-strength solution of the

present invention for “just in time” delivery to the use location.
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selectivities to other thin-filmmaterials used in
current integrated circuit technol ogy such as

titanium titaniu | The
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ponds, and the like. It educe the

non-m crobi al waste co EéTq\agq"_bbétore the sparkle
and clarity of such bodies of water. It does so 20
WiAledOﬁ(meﬁ Mgasbesrheni t ati ng and mal odor ous

chl oram nes associated with chl ori ﬁtl n% EéOdUCtS di
such as!ncal| @raAPIES pBEHEMMEEN CANGSEBRTRIDAE BFPIERRSC IN
pr\&é@'ﬁi‘ o4 BME A QBiRfindts BY stdhdepdidHbrhéiAR tii\x'allan as described

glstered sanitil zers. In contrast to chl orine
bI matbbé@)@i‘dﬁ Menmersumer@mpnum iTeehnicaklnéymatiosn Bulletin,

iR PrARFRCE, o Pl 2DoBL PR BF S g Nemours

f aghd Eo@ﬁpéﬁwmrléﬂw %lr\ﬁellgﬁéd ranqdots@frtheeemnowtom amalyzed is
fabrics. O her uses include the active bl eac

c odihsee mtthi ¢old deianizadwatas gaCldkﬁlﬁﬁoE?@tieé‘ﬁ%'th Hoﬁéﬁ&m iodide,
" oA e Bfehth Sinda 8208 DL INSblith fiodfate Edditito an.

F’Oéﬁ@mmmuﬁmmedrkfwé badreh aadigaton dThaxacthe shyg;me (AOhcontent
its nost 30 stable solid form then converted to the

h|§fﬁ9é‘flf|%’ﬁ¢§tﬁ§f§8pw{51 on of the present invention for
"just in time" delivery to the use location. 11 WO
2004/ 089817 PCT/ US2004/ 010043 EQUI PMENT AND MATERI ALS
OXONE n#nApe =suBf\anlemeooiitiitand, rak)(Meoetality aftdrantéGsinegle
' avai l able fromE. |I. du Pont de Nenours and

Co 3;9 /1 mington, DE. 5 TEST METHODS Active Oxygen
Measurenent In all exanples, active oxygen

concentrations are expressed in
Equivalently, the % KHSOs concentration may be calculated by:

% KHSOs = % AO/0.105.

EXAMPLES

The following examples are presented to demonstrate the

invention, but are not intended to be limiting.

Example 1
OXONE brand potassium monopersulfate (104 g, 4.52% active

oxygen as the solid) was slurried with 52 g of deionized water (equivalent
to 200 g OXONE per 100 g water). The slurry was stirred overnight af
ambient room temperature (22°C +/- 2°C) and then filtered through a

12



wei ght % and are determ ned by standard i odonetric
titration as described in the "OXONE Monopersul fate

w@ovposasd’ Techni cal I nformation” Bulletin, 10 NOT/US2004/010043
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H 42434-5, dated April 2000, published by E. I. du

Pont de Nenours and Conpany. Briefly, a weighed
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20 Equiya| gonggnptration may be
cal cul a@"éﬁg’%w%ﬁg@@WAé) 07905, EXAVPLES The
f ol | owi VigrightaRgtice S@y/Eotal €€knt ediHoi denonstrate the
25 invention, but are not intended to be limting.

Exanpl eTHe 3¢Nerp bt RESEE S dtive BoATteht Waat 30.0%0Ddoraplete

4.52% active oxygen as the solid) was slurried with
s2inghisfexpenplai @ irgtilingsdifioparen storage etpbie forgnamomeeks

PEL,: 1. T LET i . at
DS SRR s R clqa RoRht Sy HELN @i
fi tdrevemtiohlr corgplete sdldtivy, 2@0sHAAO ML Table 2.

PCT/ US2004/ 010043 coarse glass filter funnel to

r egove ungj | ved tassium sulfate and bisul fate
saipﬂ'.i-zih J‘%ﬁgﬁp‘eﬁ?lﬁﬁpﬁ?e was anal ytically
characterized -0 i

28. 4 UKHEUAGtR/eOpYEen Remagnitrg Pdfer Prrad(baes wpinitid content)

(BS99 484 Wi git. W%"QTWW
recovery (b?oﬁﬂ%ﬁ}gﬁ@&o actl ve canpsnhent. S8 Hos

\COMhRt € | ReomMTEngxauRi*e.| 35PE |IReul Temgeratireityi oN3§rcs
stlorage stable for many weeks with only mnor losses
i n ?ﬁt’c;ﬂ(ﬂé 3 gen content, |cdRparldBle to prior art 100

ays

1 week | 100 93 98 96

2 weeks | 99 87 97 93

1 month | 96 (80 95 85

2 94 70 91 68

months

*Conventional complete solutions were prepared by dissolving 12.6 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 in Table 2 showed that conventional complete solutions

20 and the high-strength solutions of the present invention had approximately

the same stability at room temperature and an elevated temperature of
35°C. Stability data was measured for a period of up to two months, a

practical limit for the storage of all potassium monopersulfate solutions at

13



i o conventional conplete solutions, as shown in Table
2. Table 2. Stability of solutions. % Active Oxygen
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Conventional Sol ution* High-strength Sol uti on* Tine
Room Tenper at ure** 35C Room Tenperature** 35C Initial

b R R A R e

nmurdesirablnvent i onal conpl ete sol uti ons were prepared

by dissolving 12.6 g OXONE brand potassi um

nmonopersul fate in 100 g dei oni zed water at room

t de@mBIesZ1411. 2 wt. % 0.51% active oxygen content).

H gh is strength potassium hydrogen peroxynonosul fate
sol ut i oFzessf examp@ee&awaiecﬁ PIERFT 2k Akhighmigiatie gotessium

2aVendE bl T I <olGTRR SRR STV i<t o fenos

caitnlsefd cvdlcehirations 2fd aver 4 hedd rariyssinriengishaiend UWeighed

of the present i nvention had appr oxi rrately t he sane

st%mpvntewfa@? Pbnbrantpretastine mRBCRArselfalFatied o active
t I
pe@{e/ggﬂoégﬁwe%ond?ég sgg&mga in *mbféa:a  diefeyuRE Wi d@%agns

tica Imt fo
stmfrcmgmméd @dtepoTlas sluumematmemm bhtenstahutenyresataitre

S AT BAE) B 1eats RTPBIRS. (FRTR LY VR SGaNbTged ot the
”#)%Fc' é?éﬁl?@'f@ﬁataeé%t ﬁre@"‘l‘?&ﬁsm Rhger than 24 hours.
il Tustrat e 0

preparation i gh-strength pot assi um
hyltadyeluryerasfiltenedsas desogbedlimExamplafl yieldingr2slear filtrate

b e s (The, Bl G ipaS M ShaRie NEr Mayticay

characterized as shown in Table 3.

Comparative Examples A-E

These examples illustrated preparation of complete solutions of the
prior art. Weighed amounts of OXONE brand potassium monopersulfate
(4.52% active oxygen as the solid) as specified in Table 3 were dissolved
in 100 grams of deionized water at the specified temperature. In each
case, no excess solid remained undissolved. The values in Table 3
represent the maximum conventional solubility of potassium
monopersulfate in water. The % active oxygen content for each solution
is given in Table 3. In every case, the weight ratio of SOs to total SOy is
the same as that of solid state potassium monopersulfate and is equal to
0.9.

14



woweroe/osdsur ried with 100 grans
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15

amounts of OZONE brand potassi um nonopersul fate (4.52%
active oxygen as the solid) as specified in Table 3

The slurries were stirred at constant tenperature
(water bath) as indicated in Table 3. Each slurry was
equilibrated at the specified tenperature for at

Iqa %hree hours and no | onger than 24 hours. Each
skéii%—mas filtered as described in Exanple | vyielding
a clear filtrate in each se. . The high-strength
o oFasmples T3S "Gt af SXOVE b ARtHysPregan y j Multiple®
characterjzed as shBeinl00aHT@pWeeight % Conpar at i ve
ExjanpRes A- EOThesqg ex&®mpl es |i | | 0€€r at ed pr epar at i on |of
conpl ete sol uti ong of the rior art. \Wijghed anount|s
of | OX@NE {pr apd potjassizam nonopepzigl fate 20 64 52%
actcaep.axygen as tlhe $olid) jas gpegcified jn Table 3
wefr e di sslol ved in |100 grans {of deionized water at the
Specifjiedte Berdiureg i eGCh‘%%7se, no—fexcess sotid
r emai ned undi ssol Ved. qhe values in Tabl e 3 represent

th Ha-cohrvert-onal—solubi-ity—of potassgium
Ifaﬁg in |wat &4 The %%@F’i ve oxyjgen ¢ont ent

NoNQPEr su
for&g‘&%ﬁ sol 4Pi on |25 2% given i & Pable 3. In every

Cc ' weight rlatio of SOb to total SM is_the
same 8s that 20f sql i d53t at e [pot 466 um nonoper sul f at ¢
and is equal to (.9. 14 WD|2004/ 089817
PQT/ U$20047 020043 | Tahhs 3. |Exappbe Tenp,| C g 7OXONE( 1)
Acltcorep.OxlygengMul tli pl g9 (2) |Per4pQ0QH20 Vi¢i hgt %2 O
18 0.69 3 0 123 2./49 5.5 Conp.A O 11 0.45 4 10 35

1. J_L_'F'g T 14%0(3) 63 ?@E Com—B $832t 07 20

7862052155

9 30 221 3.11 2.7
Comp.D 30® 34 1.15

10 409 80 2.01

11 40% 291 3.36 2.5
Comp.E 409 42 1.34

(1) OXONE brand potassium monopersulfate
(2) Multiple 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, depending on which salt(s) comes out of solution.

In Table 3, Examples 2, 4, 6, 8 and 10 represented for the
temperature listed the minimum ratio of potassium monopersulfate to
water (grams potassium monopersulfate to 100g water) in the
compositons of the present invention. The minimum ratio provided a
filtrate having about 1.5 times more active oxygen, at the same
femperature, than the complete solution of the prior art represented by

Comparative Examples A - E. The multiple for the Comparative Example
15

i o of dei oni zedP@HTI82004/010043



7 20 165 2.82 2.7 Conmp.C 20 30 1.04 8 30 62 1.73 9 30
221 3.11 2.7 Conp.D 30(3) 34 1.15 10 40 80 2.01 11 40
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pot assi um nonopersul fate (2) Multiple is percent
active oxygen of Exanple divided by percent active
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oxygen concentration, depending on which salt(s) cones

out of ladlaitlé GNExampleald, s, T, SBxahpl espi2sedieddor heand
10 represen{ ed for the te%ierature [isted the m. ni num

r BB EEHIFo tEisd I iRMAHBHEY Slir it iungnuReRrspiias
PatEP IR RAAPifcHS of the e ddRdnVEIifi. 11l WRR the ratio

conposli ton e pr esent 1 nventi on. he m ni num
r dgiaong potassim anorfapersulfade bavil00g atadar) stich thatths loss of

ti t. t . { t e th .
c ol LR B cinaRe TS nebs0%r (U5 P adiff Wfassium
ConpaéRirsMBai eBmtRpindoss bf KHBOJTH thé ReBafzfibnidiEp. Use of
Conparative Exanple 15 WD 2004/089817

PdTeessrRs IfrEtassium menomsrswiite to watenpeavidad eolutions

o B oo P8 s Yo SOARERE S Hhes B aflyfe diygen
CahpairatHev€ompamnthve ExarpleBxefistohd awsukipte in Taflald)e
3, Exanpl es and 11 represented far the

¢ enpor oV 3 Shotsctheh iK1 FTOR OB A RGe 025 A0LE active

9085 S8 oo YhE o RO HATBRSKH MEiini 25 to

p @ asimashigheothanshé fcaheemenal 0mplete esojutume PAdditivnallye

| %%?n;?afred with the complete solution, inert sulfate concentrations of the
solutions of the present invention are lower corresponding to the mixed
sulfate salts removed by filtration. In commercial practice, operation at 0°
and 40°C is not anticipated. SOs/SO,ratios for examples are shown in

Table 4.
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(1) TDS: total dissolved solids.

(2) Calculated value by difference TDS — (% KHSOs + % KHSO,); actual
values for K;SO4 are slightly less than shown due to small amounts of
additives and impurities in the potassium monopersulfate.

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

(4) SOs/S04 ratio for conventionai total solutions at all temperatures is
dictated by the solid state composition of potassium monopersulfate.

Example 12

This example illustrated how a high-strength solution of the present
invention was used to make-up a copper microetch bath with lower inert
sulfate content and higher copper loading capacity. A high-strength
potassium hydrogen peroxymonosulfate solution was prepared as
described in Example 1. Fifty grams of a microetch bath was prepared by
diluting 15.3 g of the high-strength solution with 34.7 g deionized water,
thus producing a solution with 0.91% active oxygen and 4.1% sulfate (as
S0,4). The microetch solution was equilibrated to 30°C with stirring. A pre-
weighed, 2.5-inch square (40.3 cm®) copper-clad substrate was placed in
the bath and microetched for a total of 40 minuies, until the point when

copper sulfate was first observed to precipitate. At this point the substrate
17



(2) Calculated value by difference TDS - (% KHSGs + %
KHSO4); actual values for K2S04 are slightly |ess
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capacity was achi eveé
2.5-inch square (40.3 cm?) copper-clad substrate was placed in the bath

and microetched for a total of 20 minutes, until the point when copper
sulfate was first observed to precipitate. At this point the substrate was
removed, rinsed, dried and re-weighed. A total of 0.74 g of Cu was
removed, indicating a copper loading capacity of 14.8 g per 1000 g of
starting microetch solution. The average etch rate during the entire .
experiment was 42.4 microinches/min (1.08 micrometers/min.) with an
initial etch rate of 32.3 microinches/min. (0.82 micrometers/min.). The
resultant copper surface exhibited enhanced roughness and a
characteristic "matte pink” appearance. These results are summarized in
Table 5.
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| ower sulfate |oad. Conparative Exanple F 15 This
exanple illustrated the conparative characteristics of
w@200ai08980Et ch bat h of a conventional conpl ete BOI/US20041010043
of potassium nonopersulfate solution. Fifty grams of
a mcroetch bath was prepared by dissolving 10.1 g of
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active oxygen as solid) in 39.9 g deionized water,
t hisbledodvisregfchingilesss.uti on with 0.91 % active oxygen
and 6.4% sulfate (as SO4). The mcroetch solution was
equitardoteaisetd t o 30C Estampdé i2ri ng. A |fC@npwatifredtkample F
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Time to precipitate 40 nln 20 mMn 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 Exanpl e

F. The conparison showed that, by using the

hi gh-strength solution of the present 5 invention of
Exanpl e 12, a copper mcroetch bath was prepared that
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provided a two-fold |onger bath life and 64% hi gher
copper | oading capacity. These differences were due
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i ndicated a significant inprovenent in bath capacity.
19 WO 2004/ 089817 PCT/ US2004/ 010043 CLAIMS What is
claimed is: 1. A conpositiepaggerising a solution of
pot aSSI um hydrogen peroxymnmonosul fate having a m ni num
Hé’% ratio of S05 to SO4 of 5 greater than 1.0:1. 2.
lppdaimacois: of claim | having a minimumratio of

N T
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sol utjon of potassium hydrogen peroxynonosulfate
hﬂfﬁﬁ@réh@ﬁ‘ F'n m active oxygen content, at an

equi valent t'ﬂﬁ&’@érﬁgk}éﬁon%‘ﬁ%ﬂlmt@héwﬁ aamﬂﬂrtnugn PatlcPof SO5 to

about 5.5 ti active oxygen c ntent
2@«9@5@@@@8@4 Aten said 2KH805 KHSO4- K2SO4 i s

| | ved...15 Y f ¢l ai
Sherer it he. T PORIRPSEER oL ey BATRG A birimug faiorg? SO to

almo} oflgfeatdr thBAYL3;3. 4 times the active oxygen
cont ent of 2KHS05- KHSO4- K2SO4 when sai d

2KH505 “KHSOA rEBEesition anonpising hsoliitiosorfpasguntiairogen

o EEORho A e hBlPrn iyt BEVEAERE bl 3R R

mdwxfdler&qeﬁwpétré\tare tdriral tdSremostiLAr. 5 teabdut B 5GmédtHed

organic acid, a surfactant, a stabilizer, and an etch

r ACHVAONY PR EONtENt oh aKEGQKHBarKaSOcWaS s8Iy 4

| IS0, KIOL RSB 1 cARBIGB Saep 1 on, 25 8. The

chemi cdl. necHmncarapogitibn oificlaimst whesein the minimum active
oxygen content is from about 1.5 to about 3.4 times the active oxygen
content of 2KHSO5-KHSO4-K>,S04 when said 2KHSO5-KHSO4-K,SOy4 is
completely dissolved.

6. The composition of claim 1 or 4 further comprising an
adjuvant selected from the group consisting of a mineral acid other than
hydrochloric acid, a C¢ to C4 organic acid, a surfactant, a stabilizer, and an
etch rate modifier.

7. The composition of claim 1 or 4 further comprising a
microetching solution. |

8. The composition of claim 1 or 4 further comprising a
chemical mechanical polishing slurry.

9. A process for the preparation of a solution of potassium
hydrogen peroxymonosulfate of claim 1 or 4 comprising a) mixing solid
2KHSO5-KHSO4-K2S04 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.
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9. A process for the preparation of a solution of
pot assi um hydrogen peroxynonosul fate of claim1 or 4

w@oompssing a) mxing solid 2KHS05- KHSO4- K2 SOP@U/UR2084/010043
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quantity of water insufficient to conpletely 30
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0 of _gre 511, .
cIréti?noig%r%gﬁo?ﬂ'@%ﬂrtgﬁeé_-Q:é- be etched is 15 a
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to be etched is a metal coated sem conductor or
prratio ofl S@y toriOpohgreatarthameb: et hod of cl ai m 13

wher ei he surface to.be. etched is . clad.wth co Foys
or coppet al meg%“i@fg'?wy efh%’&'rb equfase s %&gg?ﬂ IS
t hemep4luti on has a copper | oading capacity of at

| east 15 g copper per kg solution. 21
16. The method of claim 13 wherein the surface to be etched is

a metal coated semiconductor or printed wiring board.

17.  The method of claim 13 wherein the surface to be etched is
clad with copper or copper alloy.

18.  The method of claim 13 wherein the solution has a copper
loading capacity of at least 15 g copper per kg solution.
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