-1- "Anodised Alumi nium Di el ectric and Method" Field of the

I nvention This invention relates to anodi sed al um nium an anodi sed
alumniumdielectric, and nethod for fabricating the sane. In
particular this invention relates to a 5 dielectric having
application in electronics, in particulaf-where there is a

requirenent to dissipate Iar ge anounts of heat, however, the anodi sed
alum nium qf th appl,i cations. Background
Art As the eld® H e =S REHIC. SO o evol ve, there has
beeE an i npressive 10 i ncrease in perfornance of el ectronic devices
such as CP r ut er and also a reduction in size of such
devi ces. U%'ﬁ@ qfftgngng?nti% o-electronics, in particular, the

devgl oprrent light emtting di ode based devices to repl ace

traditional n . 4-h e
nerease | n 1oy pidh AQHER E Sndd Y] Bl oy HiSIcRE AR AREaR R,
per f or mance amdsmetheel &ir fahdcatingetime sahei nbr padisdlahdhis ingertionatalatepyto a

such devices i.ch, heat dj ssj i e S -
Funct i on & orTlpryE e Rentoaleafns it S8k ieort PARRARLCILEES R,
substrates haq@remﬁsbbllasipaaww atueints ofppet, howees, the anedissd allurhi@atm
di ssi pation. _The, Qararreter used to determne this property is

thermal condl&§ PVERHONAK heVE .%—aff.'C%HQSZO upper linit val ue of
existing dielectric materials, which often uses a conbi nati on of

epoxy glass Jillers am c fiIIers, and many ot her types of thernmal
conductive éa}cl‘ﬁgé?ghfizﬁér obably from 4W nK toy6 W nK. Iylto is an object
of this invention to provide an inproved dielectric which is capable

of achi evi nﬁ]tt}ﬂgré@t o%%qHﬁﬁétW IItz%/ aﬁ*}fﬂﬂgd WYL L An8re¥dbectPan impressive

Thr oughout e speC| Ication, "un the context’ requires otherw se,
t he wor di0 increase in performance of electromc devices such as CPUs for computers, and

also a reduction in size of such devices. In the field of opto-electronics, in
particular, the development light emitting diode based devices to replace
traditional thermo-incandescent light globes, there has also been an increase in

performance of these devices.

15 Such increase in performance has come at the expense of increased heat
generated by such devices, which heat must be dissipated, if these devices are to
function reliably. Current dielectric solutions for insulated metal substrates have
possibly reached their upper limits in terms of heat dissipation. The parameter
used to determine this property is thermal conductivity, W/mK W.m'K". The

20 upper limit value of existing dielectric materials, which often uses a combination of
epoxy glass fillers, ceramic fillers, and many other types of thermal conductive
fillers is probably from 4W/mK to 6 W/mK.

It is an object of this invention to provide an improvéd dielectric which is capable
of achieving thermal conductivity beyond 4W/mK to 6 W/mK.

25 Throughout the specification, unless the context requires otherwise, the word
“comprise” or variations such as “comprises” or “comprising”, will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of



“conprise"” or variations such as "conprises” or "conprising", will be
understood to inply the inclusion of a stated integer or group of

i ntegers but not the exclusion of -2- any other integer or group of
integers. Note al so that throughout this_specification, that al
references nade to wei ght of reagents aré-for the wei ght of the
conpound referred to, excluding any water of crystallisation, whe
present. DSyl ohare Infedemer| arneRt ioHningegefs. acd‘éﬁ’féaﬁl?@ \mththrﬁéghout “this

i nvention t@%é@lﬂbéﬂ - QvdtdadeAng e?serqagé sal o??é’éd&t@?re fRUH ﬁ/% nt of

al um nium | ayer on e surface thereo odi sed al um nium |

bei ng char aéb@c@r@eduw refanedhip, @xclhdm@mswaier aftorv@a&satm mh@remre(sentm
nmm), and being characterised by having a substantially uniform
crystalline structure. Further, in accordance with the invention
there is pr&iseloguss ofthminwentipBubstrate 10 having an anodi sed
alumniumdielectric |layer on at | east one surface thereof, said

anodi sed al um nium | ayer. being characterised havj ng a th| ck s of
at | east 210" APEPIEANED Wirh th%jn%eaﬂw MRS Eﬁ%(fd%éit Jé%ﬂ’ 9"‘1‘1&%2&\’5‘9 an

subst ant i al lagpolRH Hiiirkiy S5t | dnnBeSdurtdet UnSreobtddid ahbdisb& alumifium layer
accordance with the invention there is provided a netal. core printe

15 circuit bHelodchrigriegsemh byihaving adhisknessrefta laad @n”@ﬁf@@n(@@d mm), and
al um ni um d'b%lnglﬁéﬂa‘r&cteh &Eﬁé a s%B ni&) ohﬁﬂsftaﬁﬁ@%uctﬁ@h

sai d anodi se m ni um aracterise aving a
t hi ckness of at |east 10 mcron (0 01 mm), and being characterised

by having arguhet, @rﬁ‘bb@érhﬁné@w&mﬁ@ i‘ﬁ(/é‘ﬁtw thbf@xs%iréﬂ&édléﬁald?ﬁiﬂfﬁ{ é‘:ﬁﬁs‘frate
sai d anodi sed Iayer formed by electrolysis, the electrolysis being

20 carri'éy bavmmmarmdw@de@umwml@ﬁfméayedpnﬁéie@st:@n%fsuriw theraof said
greater. %ﬁk@%@é?!ayunﬁrﬁmq ?f%é \Mbth t ey tlonqﬁé@ékr@sg%'fb%ggd1o

el ectrol yte SO I N accor nce e I nve IS pl’ oVli ¢
anodi sed al omtnenu(.0hauinpgant keinglicbawmctdrisat nhumaviagea sipstamgalyuuhfoe

thereof, sald A §fftture.

Still further, in accordance with the invention there is provided a metal core printed

15 circuit board having an aluminium substrate and an anodised aluminium dielectric
layer on at least one surface thereof, each said anodised aluminium layer being
characterised by having a thickness of at least 10 micron (0.01 mm), and being
characterised by having a substantially uniform crystalline structure.

Preferably said anodised layer is formed by electrolysis, the electrolysis being
20 carried out with an electrode potential difference of 100 volts or greater.

Preferably said electrolysis takes place in an alkaline electrolyte.

Also in accordance with the invention there is provided anodised aluminium
having an anodised aluminium layer on the surface thereof, said anodised
aluminium layer being characterised by having a thickness of at least 10 micron
25 (0.01 mm), and being characterised by being formed by electrolysis in an alkaline
electrolyte, the electrolysis being carried out with an electrode potential difference

of 100 volts or greater.



al um nium | ayer being characterised by having a thickness of at |east
10 micron 25 (0.01 mm, and being characterised by being fornmed by
electrolysis in an alkaline electrolyte, the electrolysis being
carried out with an el ectrode potential difference of 100 volts or
greater. -3- Further, in accordance with3the invention there is

provi ded an al um ni um substrate having an anodi sed al um ni um

di el ectric [Faytber,dmaatortienss withéhesinvéaitm thher isgirovided dn alumodiusesubstrate

al um nium | ayer bej 1 se . j i :
1o M cron (8089 el AEilRRle Pl RELlnd ek 40 Bre MbrecfaBhe
al kal i ne 5 ehedkedlayureiniunhéayet beingahpsaciersedriy eaiing & thicduteswiof bt least 10
el ectrode pot.enti ifference, of 100 volts qr greater. Still .
Further . i h7aERE: BAALema: ien e SrrRort e Pofgr Bmes h apeplipine
core prirg edledtiolygli the Rstdhavibéigy @arrrlduit withnarselestrodd potentialatifference
anodi sed al um ni um di el ec%ri c layer on at |east one surface thereof,

each sai d afbdPL¥AtSPUSREARIIm | ayer being 10 characterised by having a
t hi ckness of at least 10 micron (0.01 mm), and being characterised

by being for i,n_an al kaline electrolyte, ,the.electrqlysis, being.
carried out %?Whﬁ{ B HEPH Qe%{hetﬁ?i'%\‘i%hf"?f@%ﬁsc%m%'fjegd%“@%l pareytinted
greater. Th%ir@tﬁl@ﬂb@ﬂ%dvﬂ‘}gean bRingthsith sitastiatd and sadcndyiskdiangmiahlne dicdectric
withstand nore acid and al kal.ine conditions than a nornal ,anadi sed .

| ayer in antR¥eE&H Al lBAPHPIRSUTRE thfse%fn%%‘?rbéﬁl'dlaé}?é’l‘segfal%”ﬁé‘"i”ﬁ\(}%mrﬁ%ﬁ‘nng

has propgy t RgratRirRed iy hifing aCRIcRAESs bhaleaBt §beRibRNK@IYN nﬂv?j}?@na%bing
alum nium | ayers. Preferably said al kaline electrolyte includes an

al kal i met alchaiactasized. byppeingr tasmpdsiai 3 alkainaialertoliat et eleebpgsie faing
a sheet mat Eéir%ldu%g%’mgarﬁele&ﬂ%@éﬂi‘@éﬁtiélra@ff@r@n@esoftfb@cﬂ%‘ﬁr%@eﬁéﬁf erably

said alum niums trate conprises a sheet materi al
t hi ckness fromO0.4 to 4.5 nm

The anodised layer is also characterised by being able to withstand more acid and
alkaline conditions than a normal anodised layer in anodised aluminium. The
15 anodised layer of the invention has properties more akin to a ceramic than

hitherto known anodised aluminium layers.
Preferably said alkaline electrolyte includes an alkali metal silicate.

Preferably said aluminium substrate comprises a sheet material having a

thickness from 0.25 to 6 mm.

20 Preferably said aluminium substrate comprises a sheet material having a

thickness from 0.4 to 4.5 mm.

Preferably said aluminium substrate comprises a sheet material having a

thickness from 0.8 to 3.2 mm.
Preferably said anodised layer has a thickness of from 10 to 300 micron.

25 Preferably said anodised layer has a dielectric breakdown voltage of from 500

volts, up to 2000 volts.



Preferably said al um ni um substrate conprises a sheet material having
a thickness from0.8 to 3.2 mm Preferably said anodi sed | ayer has a
t hi ckness of from 10 to 300 mcron. 25 Preferably said anodi sed | ayer
has a dielectric breakdown voltage of from500 volts, up to 2000
volts. -4- Preferably said anodised | ayed-has a dielectric breakdown
voltage of at |east 1000 volts. Preferably said anodised |ayer has a
di el ectri c Brrefkdbhusaitoinetisediyat hascadielerhinbreattiown veltareedicat agasy 1000
sai d anodls ayer has a dielectric breakdown voltage of at |east
1300 volts. greferably sai d anodi sed | ayer has a dielectric

breakdown vol tage of at |east 1500 volts. Preferably said al um nium

substrate arﬂefé?éﬁ’ig%tgg?érfcﬁﬁsn fr ér ﬁé%%&%?éct aﬁdovwvél%e’?'at least 1200

conduct|V|ty 0] nK to 6 nK. Preferably sai

al umi ni um suedsrate and said anodi sed | ayer together have a thernal
conductivity of greater than 20 WrnK. Preferably said al um ni um
substrate and said anodi sed | ayer together have a thernmal resistance

of from 0B oZUeterablymric @naslisesolayss gy ydietestngy @ﬁékfé\%w valiage fiaidgast 1/PO

substrate angdusai d anodi sed | ayer together have a thernal resistance
of from 0.030 C|n2IV! to 0.050 C.in2M . Preferably the electrolysis
is carried out with said electrode potential difference of between

150 vol ts anseRPALIY %broﬁanﬂﬁcﬂé?@ Yast & 8ic®lBed !Bn%bb(éd)\ﬁn wam;;@r & aQ(i’eé%‘ﬂﬁ 500

with said el ectrode potential difference of bet ween volts and
500 volts. Volts.

Preferably said aluminium substrate and said anodised layer together have a
10 thermal conductivity of greater than from 4 W/mK to 6W/mK.

Preferably said aluminium substrate and said anédised layer together have a

thermal conductivity of greater than 20 W/mK.

Preferably said aluminium substrate and said anodised layer together have a
thermal resistance of from 0.020 °C.in%W to 0.050 °C.in*/W.

15 Preferably said aluminium substrate and said anodised layer together have a
thermal resistance of from 0.030 °C.in?/W to 0.050 °C.in%/W.

Preferably the electrolysis is carried out with said electrode potential difference of

between 150 volts and 600 volts.

Preferably the electrolysis is carried out with said electrode potential difference of
20 between 200 volts and 500 volts.

Preferably the electrolysis is carried out with said electrode potential difference of
between 300 volts and 450 volts.

Preferably the current drawn during the electrolysis is up to 40 amperes/dm? .



Preferably the electrolysis is carried out with said el ectrode
potential difference of between 300 volts and 450 volts. Preferably
the current drawn during the electrolysis is up to 40 anperes/dn2 .
-5- Preferably the current drawn during the electrolysis is up to 30
anperes/dn2 . Preferably the current dr-&wm during the electrolysis
is up to 20 anperes/dn2 . Preferably the peak current drawn durlng

t he el ect r ol Rrsferably the owira draywe cesingd e eleotrdsia ey &smiamloera’s/dm
Preferably the m nimum current drawn during the electrolysis is about
0.5 anperes/dn . Preferably the m ni mumcurrent drawn during the

el ect r ol ysi Ficterablyiife gumentsipwp dsrivethe elppiedlpsiain yo the0 ainperasEm” .
current drawn during the electrolysis is about one 10 anpere/dng.
Preferably q;ter anodlsinﬁ, t he anodi sed alum niumis subject to a
hydration st dprerably|the pReg By’ rentRMAGI WG he piRcy °ly§'SH§If"°@?/é% aperes/dm
mnimse pi Rphel SnpoesRi?on in the dielectric layer. Preferably the
hydration step is carried out in water at a tenperature of from 90C
15 to 100C for a period of at least 5 mnutes. Preferably the

hydr at i ons stRpfdrablgatid @tinuim aturferiteRMAtdNBg Ofhel eRBBRGIst & abBUE.0.5
Preferably the hydration step is carried out at a tenperature of 98C
2C. Preferé%?@aﬁﬁ@”hydratlon step is carried out for a period of at

| east 10 m nutes. 20 Preferably the hydration step is carried out

car et out MBIeraP e OB B SRR A (R othe. WRALBNA Sy o FEBRE 05

peri od woul cgrﬁib@gs,lamzeffectl ve, it should not prove necessary.

2

Preferably the minimum current drawn during the electrolysis is about one
10 ampere/dm? .

Preferably after anodising, the anodised aluminium is subject to a hydration step,
followed by a baking step. This is believed to minimise pin-hole formation in the

dielectric layer.

Preferably the hydration step is carried out in water at a temperature of from 90°C

15 to 100°C for a period of at least 5 minutes.

Preferably the hydration step is carried out at a temperature of from 95°C to
100°C.

Preferably the hydration step is carried out at a temperature of 98°C £ 2°C.
Preferably the hydration step is carried out for a period of at least 10 minutes.
20 Preferably the hydration step is carried out for a period of at least 15 minutes.

Preferably the hydration step is carried out for a period of 20 minutes = 1 minute.

While a greater period would also be effective, it should not prove necessary.



-6- Preferably the baking step is carried out at a tenperature of at
| east 150C to 250C. Preferably the baking step is carried out at a
tenperature of from200C to 300C. Preferably the baking step is
carried out at a tenperature of 220C 5C_ 5 Preferably the baking
step is carried out for a period of at r@ast 30 nlnutes Preferably
t he baki ng carried out for a period of at |east 50 m
Preferably ?ﬁ 95%@ sqaglﬁ‘gl gepdp rqaéréFdoBE't P tﬁ"}?@thB@ Bk at {eéﬁf é@OOC fo
mnutes to @@owglnutes Again, while a greater period of tine would
prove successful, this should not be necessary. 10 Preferably said
metal core printed circuit board includes a copper |ayer bonded to
sai d anodi s&uefepatsty thelbekitPPRPls tayiet cuRyt & Wsdrakird of ROREI00POItd 300°C.
bonded to the anodised |ayer using a thin film of adhesive. Using
such a techni que should provide a thermal conductivity in the

conpl et ed sPrefetabletief bdkitysiépW odfritd ou2al¥ Brperdburd\bt g2orat+ gety a
copper |l ayer can be forned on the anodi sed | ayer using a plasna
deposition technique, in which case thernmal conductivity in the
conpl eted &refecdhly theddakfingste s YmiEd toat #0\Wpdtodard abast bl mnades.
Preferably said netal core printed circuit board includes a said
anodi sed | ayer on each (opposed) surface thereof. 20 Also in

accor dance Wwireferathetherleéng stepvecariied ouhfor e desiogradat Badt 30 mindies of
manuf acturing an anodi sed al unmi nium material conprising providing an

alum niummaterial, form ng an anodi sed | ayer thereon on at |east one
surface of Psefeeably tha hRkingrieRis spIriedz0ul fanedperiad Phffem BRinmigutes to 70

character | Sﬁgmﬂéshaﬁbgﬂ hit B SERAr Ahdrod B WIS bAbld Bfccessul, this

structure. -
should not be necessary.

10 Preferably said metal core printed circuit board includes a copper layer bonded to
said anodised layer. The copper layer may comprise a copper foil bonded to the
anodised layer using a thin film of adhesive. Using such a technique should
provide a thermal conductivity in the completed structure of from 4 W/mK to
20W/mK.

15 Alternatively a copper layer can be formed on the anodised layer using a plasma
deposition technique, in which case thermal conductivity in the completed
structure of from 26 W/mK to 40W/mK can be achieved.

Preferably said metal core printed circuit board includes a said anodised layer on

each (opposed) surface thereof.

20 Also in accordance with the present invention there is provided a method of
manufacturing an anodised aluminium material comprising providing an
aluminium material, forming an anodised layer thereon on at least one surface of
said aluminium material, said anodised layer being characterised by having a

substantially uniform crystalline structure.



Al so in accordance with the present invention there is provided a

met hod of rmanufacturing an anodi sed al um nium material conprising
providing an alumniummaterial, form ng an anodi sed | ayer thereon

on at |east one surface of said alumniummterial, said nethod

bei ng characterised by the electrolysis-F-being carried out with an

el ectrode potential difference of 100 volts or greater. Preferably
the al umi ni Y6 UhSidoadtdirice anodhs artesantainvantical theee d6 guovideytae mefhed of

anodi sed layer is characterised by possessin uper i el ectri@
properties tBaNEBRVERTI &Qala'}:?@ﬁ?%elﬁﬁ‘?“r‘%‘r'"{/‘t ﬁ%%ggfs 03‘[‘%’?581?1‘4 n%%m%ean
anodi sed | ay@fimiriurd! EStefBRFARTIRY b efolisebeayg thdrieenton afi lbdsttamedsuriace of
acid and 10 al kaline conditions than a nornmal an

2 ne | . oc%i sed an@r iln trolvsi
anodi sed al Wdichialminiysp enaiesisl ysaithemaiied| PFIBI FNARFBISA% PY nRPLBESTRNS'S
al kali negalysilEgakg- Ao gifederice Fa0LIVels Bt reatera
t enper at uée i%eﬁhé F%@nggge?mﬁ%‘?éﬁg%ﬁer abl ;]/gt he el ectrol ysiSs ?; °
carried out with said electrode potential difference of between 150

vol ts and 608¥thb§-thd BIURTRILAT Aitlsyratd i@ #lo@idetioh wAiatkaline elrctrolyte. out
with said electrodé potential difference of between 200 volts and

500 volts. Preferably the electrolysis is carried out with said .
el ectrode potinahadiset fbier eharanteriseatiygrrssdiing suparicanieladioc prapesies to

Preferably the current dr ring.th | ectrolysis is up to 40
anper es/ dnp conveptighalpgid %A%}mﬁ])ﬁ% a@ﬂ?'?@ﬁta?%?'g{}dﬁn'duri ng the
electrolysis is up to 30 anperes/dn2 . Preferably the current drawn

during the ectrolysis is. up tg 20 anpe r ; d
peak curr enﬂ- ke QQ\?A%@ E‘Wﬁr ‘Fﬁ@soeﬁbaé??%ﬂg%ﬁf §3§|{)§ﬁ§rag % @@ﬁgﬁpﬂﬂeﬁp I('1g]n§mdta'o1
20 anper eg/ daRaline dondRloak ei@bh yiotrhal anodiisedragarin entdidedialundoiimg t he
el ectrolysis is about 0.5 anperes/dn2 .

Preferably the alkaline electrolyte includes an alkali metal silicate.

Preferably the anodising is carried out at a temperature of from 20°C to 50°C.

Preferably the electrolysis is carried out with said electrode potential difference of

between 150 volts and 600 volts.

15 Preferably the electrolysis is carried out with said elecirode potential difference of

between 200 volts and 500 volts.

Preferably the electrolysis is carried out with said electrode potential difference of

between 300 volts and 450 volts.

Preferably the current drawn during the electrolysis is up to 40 amperes/dm2 .
20 Preferably the current drawn during the electr'olysis is up to 30 armoeres/dm2 .

Preferably the current drawn during the electrolysis is up to 20 amperes.ldm2 .

Preferably the peak current drawn during the electrolysis is from 15 amperes/dm?

to 20 amperes/dm? .



Preferably the m nimum current drawn during the electrolysis is about
0.8 anperes/dn2 . 5 Preferably the m ni mum current drawn during the
el ectrolysis is about one anpere/dn2 . In one arrangenent,

preferably the electrolyte has the following constituents: 5 g/litre
to 10 g/litre K2SiG3 4 g/litre to 6 g/litBe Na202 10 0.5 g/litre to

1 g/litre NaF | g/litre to 3 g/litre Na3VvQ3 2 g/litre to 3 g/litre
CH3COONa. Pr éfrefiesdilly theemétiectr aduyteat hdrawa ptting the ostedttolysls 1i8. about 0.5
Preferably the ano &sbng proceeds by increasing the voltage to 300V
and hol di ng I Vottage at this level for from5 to 15 seconds,
and then increasing the voltage to 450V and maintaining this voltage

for a period to.1 ] N Preferably,th ower. .

di ssi pat ed dlﬁ)?%fﬁéa[t)t%ﬂ]éﬁgl @é‘f’&’gmyscilbil%ﬁga%wgt gﬂréqg/\etgﬁ %g&rcﬁ?%ﬁﬂ‘st ghog 08
A/ dn2, and f ahiperesddmhe anodi sing proceeds. In an alternative
arrangenment, preferably the anodising proceeds in a plurality of 20
stages, where in a first stage the electrolyte includes about

(r eckoned Sas Prefaraplit dos) mrh@ugy Icutreet @iDM d@hgn SicO2ledtiysis).i$ abaut <one
3.5, and in m%%ﬁé?&ﬂz stage the electrolyte includes 70 g/litre (10%
Na4P207. Prerterably n'lies in the range from1 to 3.5. Preferably n
lies in the range from1.5 to 3.5. 25 Preferably n lies in the range

ottt he. anodst i AraRyctBE:, BRHEEN the Bieckion BN BeIBREAS gt Bt 7
the K20 nSi @2 t o gg/litnatto 19ad/lifte KESiO;
4 gllitre to 6 g/litre Na,O,
10 0.5 gllitre to 1 g/litre NaF
1 gllitre to 3 g/litre NazVO3;

2 gllitre to 3 g/litre CH3COONa.
Preferably the electrolyte has a pH of from 11 to 13.

Preferably the anodising proceeds by increasing the voltage to 300V and holding
15 the voltage at this level for from 5 to 15 seconds, and then increasing the voltage
to 450V and maintaining this voltage for a period of from 5 to 10 minutes.

Preferably the power dissipated during the é!ectrolysis peaks at between 15
A/dm? to 20 A/dm?, and falls as the anodising proceeds.

In an alternative arrangement, preferably the anodising proceeds in a plurality of

20 stages, where in a first stage the electrolyte includes about (reckoned as
anhydrous) 200 g/litre (£10%) K;0.nSiO, where 0.5 < n < 3.5, and in a second
stage the electrolyte includes 70 g/litre (+10%) NasP,05.

Preferably n lies in the range from 1 to 3.5.
Preferably n lies in the range from 1.5 to 3.5.

25 Preferably n lies in the range from 2 to 3.



Preferably, in the first stage the current is naintained stabilised

at about | A/dnR. Preferably, in the first stage the current is

mai nt ai ned at about | A/dnR for about 5 five mnutes. Preferably, in
the second stage the current is naintained stabilised at about |

Al dn2. Preferably, in the second stage th@-current is maintained at
about 1 A/dn2 for about 15 minutes. 10 Follow ng the anodising
process the @tungheruvaliss whshédnay bdeiamessay toataery, oaf theranooising at hgher

¢ ’sing. th \odi
i i w1 s e ARG BresSl L 7 Al i S ke Mitba b e SRtk ot op.
This is believed to mnimse the inci den(r:le oft_pi n- hol es f or rre;jeijn "

i i ’ wvdrat.i.on,s .| arr 2
Dt or oy ETEIIBY i 1 PSR b AR S s Bl

| east 5 mnutes. Preferably the hydration step is carried out at a

tenperature @refefsdly 9R%hE frst L 9’%\%&1‘%%5@@2%13&{?@393 %%b@ﬂ% %%}éjvgzr go?iagﬁut

carried out at a tenperature o era

step i s carffiegndogtesor a period of at least 10 minutes. Preferably
the hydration step is carried out for a period of at |east 15 _
mnutes. Preferably the hydration step is carried out for a period

of 20 minut eSTeferaRivaupdhe sggpnd siagn & eurrpelr isonaintained stakdised at about 1
effective, ip/ghoul d not prove necessary. -10- Preferably the baking
step is carried out at a tenperature of at |east 150C to 250C
Preferably the baking step is carried out at a tenperature of from

200C to 300CPrefoaQﬂaﬁrigghé‘ dedBnd kA et Slitrdrt i€ HhEWEEhRHLt Bbo@ 1 A/dm? for

tenmperature of 220
P about 15 minutes.

10  Following the anodising process the aluminium is washed in deionised water, after
which it can be used in manufacture.

Preferably after anodising, the anodised aluminium is subject to a hydration step,
followed by a baking step. This is believed to minimise the incidence of pin-holes

formed in the dielectric layer.

15 Preferably the hydration step is carried out in water at a temperature of from 90°C
to 100°C for a period of at least 5 minutes.

Preferably the hydration step is carried out at a temperature of from 95°C to
100°C.

Preferably the hydration step is carried out at a temperature of 98°C + 2°C.
20 Preferably the hydration step is carried out for a period of at least 10 minutes.
Preferably the hydration step is carried out for a period of at least 15 minutes.

Preferably the hydration step is carried out for a period of 20 minutes + 1 minute.

While a greater period would also be effective, it should not prove necessary.



5 Preferably the baking step is carried out for a period of at |east

20 mnutes. Preferably the baking step is carried out for a period

of at least 30 mnutes. Preferably the baking step is carried out

for a period of at |east 50 minutes. Preferably the baking step is
carried out for a period of from60 mnuts-to 70 m nutes. Again,

while a greater period of time would prove successful, this 10

shoul d not bératrasgdhy baking stapdstdantedooy blesteapetatod skt Rlaw B0
product for tz%%o&é.n a nmetal core printed circuit board which in which

t he anodi sed Tayer forns a dielectric, and the resultant nmetal core
printed circuit board has a sandw ch structure having a thermal

conventi onal e ra S EsRris ChIBY o Bl ShAPREah ey R ot enaie saore.
dielectric layers, and with inproved electrical insulati onf i

: ; t X i
a1 exi bi e peraints P SBRe B ool & BHLPE P Bt Pl

manuf act ure of a heat conductive substrate for sem conductor devices,

and el ect rONiRGeEAeIIF B hal¥id ﬁeé .ri‘aecée’rﬁgd St foh& dbégiéragatsfia?{éﬁgtszgﬁ@ﬂtéged

inrelation to 20 tal core print circuit e ‘anodi sirg
process and anodi sed al um nium of the invention nmay have ot her

appl i cat i ons pagpsraily Il SaldRESBR O8N rie BOBE fo'?/'égfe('@i Jr Qt 1581 £ h%t%’.t ow

the Invention Several preferred enbodi nents the invention w
be described in the follow ng description, in which two preferred

techni ques f Preferadatherthkay 89 safled 3bt B 8l REOHIF alREST @it
al so be described. -11- An anodised alum niumdielectric is prepared
on an al um nium substrate, in accordance with the follow ng nethod.

The al uni ni uRrefatebiy Hieebakihd (slga;i j@pb@n@ibl:iyout}fﬁbi b Reicd 6heeh &F minutes tof70
alumnium is. reased in egreasi ng sol ution at t enperature of
60C 20C for ”ﬁr‘@g?-i o’gg%'f‘v r‘“ff@ﬁm %r@eﬁ@rtﬁﬁ@é Pr% Hﬁteeyouﬁ%emve successful, this

10 should not be necessary.

The invention provides an anodised aluminium product for use in a metal core
printed circuit board which in which the anodised layer forms a dielectric, and the
resultant metal core printed circuit board has a sandwich structure having a
thermal conductivity higher than and a thermal resistance lower than conventional

15  metal core printed circuit boards using alternative dielectric layers, and with
improved electrical insulation properties. The invention has application in
manufacture of rigid and flexible printed circuit boards which have a metal
substrate, manufacture of a heat conductive substrate for semiconductor devices,
and electronic devices. While the use of the invention is described in relation to

20 metal core printed circuit boards, the anodising process and anodised aluminium
of the invention may have other applications beyond this technology.

Best Mode(s) for Carrying Out the Invention

Several preferred embodiments of the invention will now be described in the
following description, in which two preferred techniques for preparing an anodised
25 dielectric material will also be described.



5 degreasing solution is a 5%to 25% (by vol une) aqueous sol ution of

sul phuric acid into which chrom um anhydri de has been added in the

order of 2%to 10% by weight. This is followed wth a water wash at

roomtenperature, and drying in hot air at a tenperature of 65C

15C. The water wash and drying step can be-performed 10 on a

conveyor running at a speed of from1l to 5 nmetres per mnute. The

glelrjpoplnggq Sl}id}ﬁtarn@lﬂﬁelﬂhﬁmnﬁrﬁiamed_@edirﬁb ti@raperdi somgans Bpniniino diubsinagei $n
under al kaline conditions at a tenperature of bet

nd S0C. . TrRepercRnES D B I MeatErd ed o RRB RS g suars N GRfRY

the first ngfihogk &Rkt Sigiumisiupg! @ Ségeassdnpr i siamgeatingt sallijsi @t a

using a stainless steel cathode 15 in an aquegus electrol yte
conpri si ng lemgetattieeok8S®©; 28°G/foi er ek ob from @P?itpr@rg?\lﬁﬁf‘mﬁs' The

g/litre Na3V ) it _ i N . i .
_conne_ct e? asd%ﬁeea%yrﬁ)gg%'émé t%h%%%e(bgg\fo A@i\@f‘ﬁ@h%ﬂoﬁg@lgg%@?gtshl?ggﬁc
is raised tamid3P@ whichschaomiune bdhatridetiss besnaiddedrin thenorsies ahds, to 10% by

before bein eg@iqsed to 450 volts where it is held for ten m nutes.

After this, tluminiumis removed fromthe 20 el ectrolysis bath

and washed i n deionised water. The second nethod of anodi sing uses a

two stage pr-QGess. w ] i i -
conprising 2 ° Ss/ﬁ%‘;r"gd &E@gng%%g v%?@?% r8§@l tg%p%@&%u%ﬂg%rsﬁhgﬁ hét aik &t 2
el ectrol ysi sefperdiurd olB5eS -atl52C v ol ieagates widshcireindrying step neaibe pesogned

, followed by washing, and then a second ,stage i ueous
el ectrol 19 e I52 ERRBDICE Y DAL PP??@“%E%Q%‘?%%HS@S g%é@g\rdg 'ysis for
éLﬁem Inut es at a vol tageOI sufficient to nmaintain 1A/ dnR2. After this,

e al um ni IS, renove romthe |y S i sh i ;
e ol Ut Ul S SRR LRI DB Bl RERASOHE BRI BRIy i
hydrol ysi s siéfrinedaingat akalas boraiitians dt enpepataiue afbedgeen 2CG and §0°C.
period of 20 mnutes, followed by a drying step

There are two equally preferred methods of anodising, with the first method
comprising a single stage comprising electrolysis using a stainless steel cathode
15 in an aqueous electrolyte comprising 10 g/litre K23103, 6 gllitre Nax0O,, 1 gllitre
NaF, 3 g/litre NazVO;, and 3 g/litre CHsCOONa. "The aiuminium substrate is
connected as the anode, and the voltage across the anode and cathode is raised
to 300 volts and held at this level for ten seconds, before being raised to 450 volts
where it is held for ten minutes. After this, the aluminium is removed from the

20 electrolysis bath and washed in deionised water.

The second method of anodising uses a two étage process with the first stage
using an aqueous electrolyte comprising 200 g/litre K>0.nSiO, where 0.5 <n <
3.5, under electrolysis for 5 minutes at a voltage sufficient to maintain 1A/dm?,
followed by washing, and then a second stage using an aqueous electrolyte
25 comprising 70 gllitre NasP;O7 under electrolysis for 15 minutes at a voltage
sufficient to maintain 1A/dm?2.  After this, the aluminium is removed from the

electrolysis bath and washed in deionised water.



carried out at 220C for 60 to 70 m nutes. The anodi sed al um ni um may
forma substrate for a metal core printed circuit 5 board. If this

is the case, the alum nium substrate woul d be anodi sed as descri bed
above, on both sides. Copper can be deposited on both sides using

one of a nunber of known plasma depositi-otf2 £ echni ques. \Were the

metal core printed circuit board is to have plated through holes the
al um ni um suﬁmraitoellsedmjdxrdlrmndh“ihleh@db}arcteairtota)hmaﬁ}mélst@ hakiva@r bath at a

pl ace. 10 Coppe using.a thin | m of adhesive applied
by roller or?%!@e'g*g@/r@éﬁ %9'<? q%ﬂgor R E’%PEZ%HM?%@@”QW biya daos tep
pol yi m de gl uarrRyiss 8% 2207C fABY 18706hin0RRII Ng agents as used in FR4

and ot her conventional printed circuit board technol ogi es. Were the

nmetal core printed circuit board is to have plated through holes the

adhesi ve pr O\Ihdeavcafbemalulhﬂhlu&gn’la@W@Fmbﬁts\&%‘é}!ﬂaﬁah\%r@WI EY YrintdeP circuit
and the al u 'EUSQ '?&EI rat The anodi sed al um nium of the invention

exhibits ionp Br {5 c?@ﬁﬁ:alﬂaﬁ'j alyninitinj subsirats N‘ﬁ?cb\kh hengapdised as
al uni ni um Whtl@&brlb‘édaé&ﬂﬁeséﬁl din ARcRCT Blopost B4 b8lddcBsited BR Hol LR Ning
tabl e sets out a corrparlson of prop ertles o t he a |se um ni um

of the i nvenPN®Rf g PIKNEWNKRHa dﬁ@%lﬂ@ut@hnmuﬁ!%un\/\(mm:wa_ metal core
anodi sed in F%Qteenm?&!ltdbﬁar@l EC RLYd ‘(T:)la ngcﬁ qg@@heﬁolég\ﬁﬁ%}él&%i Pﬁvjpgguggérgte

Acid Electrolyte Maxi rrumthlc ness oM
(HV) 1500 - 2Woold3gndrillegigwior b ehedising dalibngaledewn 2000 1000 - 1200 .
Vol tage (Volt) Symmetrical Uniformty on both surface and WII have

sharp defected internal edges
10 Copper may be adhered using a thin film of adhesive applied by roller or by

screen printing. Suitable adhesives include epoxy polyimide glue systems, or

any other bonding agents as used in FR4 and other conventional printed circuit

board technologies. Where the metal core printed circuit board is to have plated

through holes the adhesive provides an insulating layer between the copper layer
15 and the aluminium substrate.

The anodised aluminium of the invention exhibits improved properties compared
with hitherto known anodised aluminium which is anodised in an acidic electrolyte.
The following table sets out a comparison of properties of the anodised aluminium
of the invention compared with known anodised aluminium which is anodised in

20 an acidic electrolyte:

Properties Invention Prior Art Acid Electrolyte
Maximum thickness (um) 300 50 -80
Micro-hardness (HV) 1500 — 2500 300 - 500
Dielectric Breakdown
2000 1000 - 1200
Voltage (Volt)
. Uniformity on both surface and Will have sharp defected
Symmetrical .
internal : edges
Pin Hole Rate (%) <2 14-20

Wearable Property Abrasion rate 10 ~'mm®/Nm Abrasion rate 10 ~®mm?3/Nm




Pin Hole Rate (% <2 14-20 Warable Property Abrasion rate 10
-7mBf Nm Abrasion rate 10 G /Nm -13- Thernmal Shock Tenp 300 C water
quench, no Tenp 300 C air cool, changes Resi stance changes in 35
cycles after 6 cycles Thermal Stress Can withstand 2500 C of thernal
Can wi thstand 2000 C of stress thermal st3ess Uses for the netal
core printed circuit boards include the manufacture of high

intensity light emérinbishgckli 0des TERp 3069€ walkr JRABShé C| PdMth HOBIEF Edofilohanges
lighting applicati %Ié and any ot her %I eﬁg roni c deyi
i

ice ere it
i nportant to dissi pa “heat fapi dfy9 YHBUI d be “"8p ?y\é\%’f at ed that

the scope of{ the rnvention is T articutar

enbodi nent descr Tizedallstiees n. - Q%E Mfﬁs@n%ﬁéong OBe?rfnaPng he 'thsﬁa\?gﬁ% o °f
are as Fol | ows 1. A pr oduct corrprl Si rﬁg’eﬁnodi sed al um ni @Bl Essg an
anodi sed al unirmum—tayer—on—the—strface—thereot—sai-d—anodised

al um ni um | a)U%Eesbf@r f’ﬂiﬁb nﬁ‘éial @@rbelbmrﬁ@@ dREUID BORE ﬁﬂcmbcﬂﬁﬁ%énuf%u@é of high
| east 10 micron bei ng characterised by having

subst anti al | Wtﬁ'ﬂﬁ’?yoﬂ'ﬁ’ﬁ‘tc%ﬁ’égl ijﬁ’éle§tf°uc¥'$ﬁ dn defnestithandi nommemmal lighting
anodi sed | ayepplicatibRs B By St SRLYSHiS: Ol

carried out ?h an el ectro%le potentt@j] gl %@g?gﬁ@gé ?’S '883% waglssmate
greater, and ﬁ/ﬁ'bfra@lqw said el ectrolysis takes place in an al kaline
electrolyte. 2. A product conprising an alum nium substrate having an

anodi sed 10 alum niumdielectric |ayer on at |east one surface
thereof, ai & SHIE feqapprgciagchitiah hayesopseph e inveatiorris gwil lipyted to the

having a thi gkniRGfr @mbdbich&Resdibed herein.




mcron (0.01 nm, and being characterised by having a substantially
uni formcrystalline structure, and wherein said anodi sed | ayer is
formed by electrolysis, the electrolysis being carried out with an
el ectrode potential 15 difference of 100 volts or greater; and
wherein said electrolysis takes place " in_ap_alkaline electrolyte. 3.
A product conprLﬁl_q a nmetal core printed circuit board having an

al um ni um subst F8F &IPS defining hekweatiomare asFalietect ric | ayer on at
| east one surface tHereof, each said anodised al um ni um | ayer being

20 characteri seq by havi ngtsa t hi ckness of at [east 10 micron (0.01
my), and bei ng cha/hRICSHARIAFINgANnosised aﬁmamanha\arbg yn moiﬁueédft-x!umm.um

crystalline structulser eéndhyhgy a is.forme
el ectrolysis, the el ct roI éeSI S 'ﬁeclen%é%rfr :gg‘g’l 3 d ha“érﬁ é‘l"éc‘?)’%fd@emg
potential differ enc8 yectegeed, by havieg a thicknsse rof aalndisM@mﬁdzrﬁn%@Dd mm), and

el ectrol ysi s5takes pkmgehhfcfiséd ?Sg'gbgnﬁg %Lﬁ%&gaghgl%mﬁm &mstqll@?es,tru%lre

conpri sing anodi sed al um ni_ um hav
the surface thereof < ¥hgreim said swadised idyer wrfohmdaby b&bﬁ@ysns the electrotys:s

characterised by haveiRg canidy Bﬁt“ﬁ(ﬁl?m rrelgt:tls ﬁétg adrapiqrgnqeno%ﬂoo rImts or

and being characterised by being
al kaline electrol y@ ‘&a etr'rﬂ!’dé'}’féﬁf@'ﬂéa%ﬁlﬁztmwsngammaoedn eublm:ﬁébléélrolyte

el ectrode potential = 30 difference of 100 volts or greater. -15-

product conprisjng an ni um substrate having an anodi sed :
al umi ni um di el ect r |§ P?fg"& SRS 180 alveniniuint Sukstrateer kving smi dinodised

anodi sed al@ni ni unallmymm ke idedric éﬁ@ﬁ I hj cknes

of at least 10 ng;Q,lﬂ L&,.Z rrgr); Ib@ griléa%gﬁgér!as? e#"?g]egqu S%& gised
formed in an al kaline b5 o &VEf S'/‘Pechaf&}?éer@%@vrf@vm%tm@m@ ofat Ieaslt 10
out with an 'el ect rogem@.ehtmm), afd Herie BREaBkdY bYOhdvinda Hisdd ially

uniform crystalllne structure, and wherein said anodised layer is formed by

electrolys:s the electrolysis bemg carried out with an electrode potentlal -

15 difference of 100 Volts or greater; and wherein said electrolysns takes: place
in an alkaline electrolyte.

3. A product compnsmg a metal core printed circuit board having an
alummeum substrate and an anodised aluminium dielectric layer on at least '

.one surface thereof, each sald anodised aluminium layer being

20 | charactensed by having a thzckness of at least 10 micron (0.01 mm), and

' being characterised by having a substantcally uniform crystalline structure,
“and wherein said anodised layer is formed by electrolysis, the electrolysrs
being carried out with an electrode potential difference of 100 volts or

greater and wherem said electrolysis takes place in an alkaline electrolyte.

25 4, A product comprising anodised aluminium having an anodised alummuum
layer on the surface thereof, said anodised aluminium layer ‘being
characterised by having a thickness of at least 10 micron (0.01 mm), and
be:ng characterised by being fon’ned by electrolysis in an alkaline
electrolyte, the electrolysis being carried out with an electrode potential

30 difference of 100 volts or greater.



onprising a netal core printed circuit board having an
giuﬁiﬁ{agyghbgt?gte_ang an-anodi sed alum niumdielectric |ayer gn_at
| east one surface thereof, each said anodi sed al um ni um | ayer ghng
10 characterised by having a thickness of at least 10 micron (0.
m), and being characterised by being forped in an alkallre Code.
el ectrolyte, the electrolysis being carrred out with an el ectrode,

ial diffebencé airod@ comprisingdrard'Aahiflum ‘subftreOfUGha 25n anodise d
Efgiema:jai n :any one %f gg.h.e . r.efeﬁjigr]gfcl ai msI wherei n said ?E? a?léa?l r:fe
el ectrolyte includes ™ r{n'gpﬁ%'fa CCRECAYer N ficlapd o surfasedtierevt, sai "anr(; ised
CUDSL Tt e compr | ses a shem mtar D PEHEReEY faflog 8 ok Brok 4t g0

IS avi .
5 'mm 6. A product HLTRD LR 20l deREhAsresiad Sxbdingloren e alkaline
substrate 26 compr ekefolftes kRelbledRé|RsiE Heirld?ud A Buf Wi kAL SRS L OISRt
to 3.2 mm 10. A pr ct as_.clained in any one o he pre
Ioai M wherein sai dg%glf?@&?gfe?)oq‘é%}%rorﬁ@@t% thi ckness of from 10 to 300
(r:n'-cro'n 11. A product as claimed in any one of dt'hedplrecedl ?g g![ ﬁlegs

i 1 id 1 Ri- T at, d sai d anodi se ayer tog ro
have & thr mal 25 AolSorh SPEGHERS of dRPEl COffrP RS arowl eatto rovierkan
12. .A product as clalmirdum substiatennd af ahb@sat SRHikE d%!(ﬁdéﬁ?lﬁ%}?n:ét%ast

i i Ni ( i i | ayer toget
Shermar - conduct | vidls apiiRRs Rakd SR8 G ahodisd SaUmmU oltwer. baing
er Im ‘ - - ) - - -
c¢lai med in Hhy one @iaradterised duyeitivirg  kradimessVBEELleBstSR] Hiﬁé#{ﬁ.é‘i H’Hg and
substrate and sal d M SEMhAAKEL . Lol roeed 1§ dn alkaine elosirohts, e
of fromO0.020 C.in2 0" 0. U5C edi Ro/RRing g olyte,
' . electrolysis being carried out with an electrode potential difference of 100 .

volts or greater.

7. A product as claimed in any one of the preceding claims wherein said .
15 alkaline electrolyte includes an alkali metal silicate.

8. A product as claimed in any one of the preceding daims;wherein said
aluminium substrate comprises a sheet material having a thickness from
0.25 to 6 mm. ' | -

9. A product as claimed in claim 8 wherein ‘said aluminium sdbstrate
.20 comprises a sheet material having a thickness from 0.8 to 3.2 mm.

4 10. A product as claimed in any one of the preceding claims wherein said
anadised layer has a thickness of from 10 to 300 micron.

11. A product as claimed in any one of the preceding claims wherein said
aluminium substrate and said anodised layer together have a thermal
25 conductivity of greater than from 4 W/mK to 6W/mK.

12. A product as claimed in any one of the preceding claims wherein said
-aluminium’ substrate and said anodised layer together have a thermal
conductivity of greater than 20 W/mK.



14. A product as clainmed in any one of the preceding clains wherein
the 5 electrolysis is carried out with said el ectrode potenti al

di fference of between 150 volts and 600 volts. 15. A product as
clainmed in any one of the preceding clains wherein the electrolysis.
is carried out with said el ectrode potenti di fference of between
300 volts and 450 volts. 10 16. A product as clained in claim15

wherei n the m n3rumAcprodectt as cRivRed Wéhﬁ@n_&*’tﬁ»Iﬁé%ééé?ﬁr?@s;l[ﬂ%irﬁéwﬂgx%gf said

one anpere/dnR . 17.' A.rﬁrodu t as clgl med in_any one o e precedi ng
cl ai ms' wherein aft ef “"HH8%; 5&?'?3?@( RBJ Fslpsedised layenitegather bang ecthetnal
a hydration step, fmasistamed of Bpma).bAKINGYRE B 0SeclfzpA Product as
clained in claim17 wherein the hydration step Iis carried out in
water at a tenperature-of from90C to 100C for a period of at least 5

m nutes. 19. A ' odBcprodsctcasichaired in ahpionelSs wRepebadibd IRaK I IErSh 4R
' to 250C. 20 20. A

is carried ogt at a ature of at |egst 150 250(
product as clai ned ?lﬁ&g[gsﬁﬂsscag},eq(ﬂué Hh ga UPre Beleatighelifigrenseoébetween

printed circuit botlvilisanddes valts.opper |ayer bonded to said

anodi sed layer. 21. A product as clained in claim3 or claimb®,

wherein a copper_ | ayer can be forned on the anodised |ayer using a

pl asma deposi ti'on tAdHAdufleas saimel pr eduoneast thbaproestind chiraé M9 the

clai m 21 wherein sadigotpafsi i , j ircuit board inclyudes a

sai d anodi sed | ayer_on each's%ggggs?égy% %ﬂé% geg O‘i’%%_?t@%tfa?g'-#%?a—”"?ﬁ#b een

met hod of manuf act u¥qOhpltarndd6aivellsd al umi ni um mat erial conpri sing -

providing an alum niummaterial, formng an anodi sed | ayer thereon on

at o o
10 16. A product as claimed in claim 15 wherein the minimum current drawn

during the electrolysis is about one ampere/dm? .

17. A product as claimed in any one of the preceding claims wherein after
anodising, the anodised aluminium is subject to a hydration step, followed
by a baking step.

15 18. A product as claimed in claim 17 wherein the hydration step is carried out in
water at a temperature of from 90°C to 100°C for a period of at least 5
minutes.

19, A product as claimed in claim 18 wherein the baking step is carried out at a
temperature of at least 150°C to 250°C, '

20 20. A product as claimed in claim 3 or claim 6 wherein said metal core printed
circuit board includes a copper layer bonded to said anodised layer.

21. A product as c!aimed in claim 3 or claim 6, wherein a copper layer can be

- formed on the anodised layer using a plasma deposition technique.

‘22._ A product as claimed in claim 20 or claim 21 wherein said metal core
25 printed circuit board includes a said anodised layer on each (opposed)
surface thereof, o



“difference of 100 v

| east one surface of said alumniummaterial, said anodised | ayer
being characterised by having a substantially uniformcrystalline
structure, and 5 wherein the alum nium substrate is anodised in an
al kaline electrolyte. 24. A nethod of manufacturing an anodi sed

al umi nium material conprising providing _a‘rg alum nium material,
form ng an anodi sed | ayer thereon on at ast one surface of said

al um ni um mat er23&l , Asakthodesfhmdnifactadng ahadralses i A&finkY Hkﬁ‘erllal comprising

el ectrol ysis being d_out wi.th an el ectrode 10 potentia
%Q@lngra‘bﬁ@g’t‘@i‘m BAE"Sntomeing ét%@ﬁqﬁ*a@m layanthereon on at

substrate is anodi skedsi oneBudhdeabi 8ad Ai@sihiLAl Ha?ena?%anfaﬂ@&lé%dl %r being
clained in claim?23 oré S\g%eé nthe al kal i ne el ectr 1 nc ,
an alkali netal silFagger YANRED® Gasupstaptiallynuiform Q(Ygialmstmﬁcture, and .

clainms 23 to525 Mewaemmttheammﬁumsnugstraﬂfé;s'a% Qe P t
tenperature of from20C to 50C. 27. A nethod Oas c'a&n@ggnn% ele?ctro%e

clains 23 to 26 wherein the electrolysis s carried out with said’
el ectrode pot et alA n:léthb@rcénnm@écthﬁtgvmmn&éi@ec}’%idnﬁmuﬁanﬂwa@é?@] ¥Bhbfising
I's

carried out with  2Uoearl oy oBP TS et Pavnahieies o trseman a
ggot volz'ésv\znd 450t viesists onQQSurka@etdﬁodas;[aSam?m|md ndfler@y Stgﬂt? nqgt?% a%émg
0 erein s the ovmn constituents: .
g/litre to 10 g/li [Erh e?%gg%s&g %‘ 3??.@?%”@8’86%'}‘9. t3 3‘1 Mt cWithatasd elestrode
Na20) NaOH 1®5 0.5 ptéritiet diffecericegsfl 100 eoltabr gredtdri bAE Wtran Fhé | Hifiinium

Na3veB 2 gllitre t%u%stgét!a id 5&(1% ian alkalm%Selectrolyte

25.© A method as claimed in claim 23 or 24 wherein the’alkaﬁne eiectrolyte
includes an alkali metal silicate.

26. A method as claimed in 'ahy one of claims 23 to 25 wherein the ‘anodising
15 is carried out at a temperature of from 20°C to 50°C.

- 27. A method as claimed in any one of claims 23 to 26 wherein the electrolysns, |

is carried out with said electrode potent;al difference of between 150 volts
and 600 volts.

28. A method as claimed in claim 27 wherein the e!ectroiysis is carried out with
20 said electrode potential difference of between 300 voits and 450 volts.

29, A method as cla:med in any one of claims 23 to 28 wherein the electrolyte
has the following constltuents '

5 gllitre to 10 gflitre K;SiO;
| ~ 4 gllitre to 6 gflitre (calculated as Na;0) NaOH
25 0.5 gllitre to 1 g/litre NaF
1 gflitre to 3 gllitre NazVO,
2 gllitre to 3 gflitre CHsCOONa.



30. A nethod as clained in claim29 wherein the anodi si ng proceeds by

i ncreasing the voltage to 300V and hol ding-the voltage at this |evel
for from 5 to 15 seconds, and then increasing the voltage to 450V

and maintaining this voltage for a period of from5 to 10 mnutes. 5
31. A nmethod as clained in any one of claing 23 to 28 wherein the
anodi sing proceeds in a plurality of stages where in a first stage -
the el ectral yt e 30 ncAudethodbautlaimed ko et agg aHaysh Qh'é)angeigmg/é{b&ée%s by

(1099 K20 nSi G2 whey, a second sta
el ectrol yte incl udes %88;?9 ﬁlerVoua?‘i@’/ﬁocﬁaﬁﬁgﬁd'%@%@“a% gethisdeved for from -
clainmed in clai m 31 Svet&iseaconds, 4fethbh i rﬁeﬁr@ﬁe%ﬁa@%rﬁa aﬁ‘]ﬁ Maintaining

mai nt ai ned at about tl'us ive mnutes

claimed in claim31 of Vgga%g?@lpﬁ”?‘ﬁc’ftfﬁ’é” Sdedhmiktesge the current is

mai nt ai ned of about 1 A/dnR for about 15 m nutes. 34. A nethod as

claimed in any epe 3 wherei.n after anodising, :

t he anodi sed al uni n?f&nrrfe:tigd subﬁ%g‘[e%t g Y (08 L ClaERS €8 &%) 28 mieraiihe Wdﬁlm

baking step. 35. Aprmqwﬂ a5 plusdlite df istages AivieR4inna e St &a%é“?he eleglroivte
from

hydration step is ¢ t r at a tenperature o

to 100C for a peri Ogﬁ Qt?’oués{ecgon# ﬁﬁt%‘@yd%‘ng@‘)oﬁ@/mﬁt 6t Yads K20.nSiO,

claimed in claim 34 vdmréiﬁ S\Mler:@m ahith Hakiong | ‘ aty.
B B S0t

a tenperature of at A:He 0C to 250C. 37. A metho
al um ni um subst ant i %/S)a(%m ePzin described, with reference to the

description of - the embodi ment.
10 32. A method as claimed in claim 31 wherein, in the first stage the current is
maintained at about 1 Aldm? for about five minutes,

33.  A'method as claimed in claim 31 or 32 wherein in the second stage the
current is maintained at-about 1 A/dm? for about 15 minutes.

34. A method as claimed in‘any one of claims 23 to 33 wherein after anodising,
~ 18 the anodised aluminium is subject to a hydration step, followed by a baking
step. ‘ | |

35. A method as claimed in c!arm 34 wherein the hydration step is camed outin

water at a temperature of from 90°C to 100°C for a period of at ieast 5
: _mmutes ’ B

20 36. A method as claimed in claim 34 or 35 wherein thé baking step is carried
out at a temperature of at least 150°C to 250°C.

37. | A method of anodising aluminium substantially as herein described, with
reference to the description of the embodiment. ‘



