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WD 2005/ 002773 PCT/ EP2003/ 011657 1 Met hod of

connecting nodule |ayers suitable for the production
wofRo0smozr78st ruct ure conponents and a mi cr ost r UBCTMER2003/011657
conmponent Specification 5 The invention relates to a

met hod for joining mcr ostructur ed conponent | ayers

that are suitable for manufacturing mcrostructure
conmponents and that conprise netals, in particular

}W S ?ahwa POEIHeCHRRRIctRIN 8F'S,

Ngént or hi gh-gdr%g]e stecla ?Eﬁg%atblﬁrmrgcrel ates to a
naiicco sisticture pompongnisaand anienostrgeyemprapenadk of

m crostructured conponent layers that are joined to

one another and that conprise nmetals and/or netal
SHekc@ivatiohn particul ar al um num and/or al um num

al | oys, copper and/or copper alloys, and/or high-grade
steels. Mcrostructure conponents, that is,

T'ﬁ'eciﬁ\??r(t@n' RAEL FH 3 md&hHB *(ﬁ'géiﬂi fhidoleadiuded é‘dﬁﬁP@ﬁ‘&ﬁr@yers
are already enployed in chemc process technol ogy )
tlsatchrie rsuitabledocmanafattudinginopostni ctyreogaropenents @nlj tg@’t comprise

R N L e e T
AR SFHIYh-ghatsd StebRhrR fubhbAhosy@l#es toh nmersstacture cvgnponent
two comercial azo pignents and tested the

en6ARTPRGEISI3/Staek R AYCTABIrUEHredsRmpRRagtiayesp thafj are joined to one
Y c D@ Bfirhin

AR G ot RSP AEARRGER! Bl

aatai alecinunCeogs) agpper SO0 ppeTaiopAMR/ et high-grade steels.

(PAM R Potential and Applications of Mcroreaction

Technol ogy - A Market Survey, Institut fur

Wekddtuearaiderioneats, Gells androdQnEeBees,qpparenst andQoRgat

provi des a survey of the potential for mcrostructure

exebanarsgye Agady pmalayacHa wderieal PipprssciaeD Relogy @!nd in research
a'ﬁ'dcdé?fe‘?%ﬁﬁ%ﬂg)réég{s‘? q‘ﬁ@‘?’rgﬂﬁduﬁﬁél HrOEEE&Ss thafPaFBddOBeen
ch dn opnent 0

On Tesedr eve projects, refer t _
r&hlideel. fFor atstarade, Cldrint Swiszartands jqintly wish GRS, Geooenwrigstalled a

to, th roceedi of the " . j '
RUBhFURERB M- Eap it SeErombl<Gb R ARE bl s 2580 the
cohtREusty-wdbkihg Pfethed 2002 jesuB obdipanettod are that up to 149%

conventional reactors and heat, exchangers, .
greates sploy atgpgty, brighter and more transparent particles, etc. were attained
(CHEmanager, 5/2002). The PAMIR study (PAMIR: Potential and Applications of
Microreaction Technology — A Market Survey, Institut fiir Mikrotechnik Mainz
GmbH and YOLE Développement; 2002) provides a survey of the potential for
microstructure technology and current industrial applications for microreaction
technology. For further information on research and development projects, refer to
Ehrfeld, et. al., “Microreactors”, Wiley.VCH, 2000 and to the proceedings of the
“Microreaction Technology” conference, which has been held annually since 1997

(IMRET 1 - 6,1997 to 2002).

Compared to conventional reactors and heat exchangers, microstructure

components are characterized by excellent advantages:
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conmponents are characterized by excel |l ent advant ages:
WD 2005/ 002773 PCT/ EP2003/ 011657 2 1. Nearly
wo sesloaa7ms ¢ met hod 2. High surface/ vol une rat i BCBEP14eR011657

transfer inproved by orders of magnitude, i.e.,
extrenmely conpact 5 hi gh-per;g ormance heat exchangers
for a wide variety of applications, e.g., for fuel

cells, air conditioning in autonobiles and airpl anes,
coolers for electronic conmponents with high heat

devel opnent 4. Extrenely conpact construction 5.

H ghtdieardyisethepmisipetnas i ntegration 10 6. | nproved

pr ocgss; £0Q hi gh safety standard, even
duri%’éﬁ'ﬁﬁgﬂ%eéﬁlghnéér/%ﬁé reactions. 8. Inproved

envi 3.adeErttaisfariotpeovaediby dtdare sf machitude cionrpextesrhslyiaompact
general copprise stack of thin netal sheets that..

o b rarkraaner Peatot aoRE 5T ARILGMEeRot GRS e
SUT Ufeh Wi Eeftdleft SoddifiHing i AutoRfIBAES 8RE SinMdribsy 8bdlers for
fine channel's, the cross-section thereof Deing

t ypi elatirgnic @smpanieats Withrhigh herad delvelopsnerdn be

strugt d usin Ly, etchi t hods, using wet
chenf?'ch(?r@g%egy8%@%?"%’9?0'@&“”5@? g nechani cal

m crof iHigsddtrR@graDoNeysterhlivtepfiost r uct ured sheets are
provided with a cover plate and a bottomplate and

are PoilMPEOVESkRIOBRRS EYHARt conponent. When desi gned
apprepij , Qaan NG ' rheadbactions.
exc hg'n 5} ﬁ?‘g\g‘osv\éé?ﬁ,esggé han g’es\\//q\%rf‘ﬂ@ﬁrr'}i %P@Sr;\%%dg]#n%? 0 nle nt actons
vol ude Imphevesignvitoentantal psotedtion ons in t he conponent

are adjustably defined and nearly isothermc

conditions can be attained in the m crochannels. 25
Mﬁt:rB’@tﬁ@dk theScornpdﬁwtltls exgbréaérgtédfﬁ&nﬁﬁm; amtaif:jlo(@frtﬁiml:metm asheets that
mar ket are general ly made of . high-grade steels .
ar@e@mﬁggeaze@g Hé%ﬁﬁé&&&{lﬁr% Jainjng sHcHERES TR resHisa
cc?/\rnﬁ Pé}ﬁ%tg Quith Verd i ldnaRnelshtheBroE 8 SbES thePe UM B/pically less

IS production engineering cannot be enpl oyed

. thian ey’ fTihel sheetsf caippe istraetumed usinggsiry stehing meatieds, using wet

chemical deep etching, or using mechanical microfinishing.

Normally the structured sheets are provided with a cover plate and a bottom plate
and are joined into one compact component. When designed appropriately, the
components attain maximum heat exchange or power exchange with minimum
component volume, whereby the flow conditions in the component are adjustably

defined and nearly isothermic conditions can be attained in the microchannels.

u-Reactors, p-heat exchangers, and p-mixers on the market are generaily made of
high-grade steels because of the production engineering described in the
following. In addition, the microstructure components with this production
engineering cannot be employed in many fields of application, first because cost-
efficient manufacture for large series and mass production is not possible and/or

large numbers cannot be achieved at all or can only be achieved at great cost, and
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30 efficient manufacture for |arge series and nmass
production is not possible and/or |arge nunbers

wa@ 280027 achi eved at all or can only be achi reBEPAN3/011657

great cost, and WO 2005/002773 PCT/ EP2003/ 011657 3
second the manufacturing neth®d nust lead to
conponents that satisfy the follow ng technical

requi renents: 1. Seal ed, both between mcroflow
seaeaRBe snamdaelyring eninof Myiend toscompeiesys (i satisfy the

foﬂé@hnﬁt%?ﬁ%ﬁ“eﬁﬂ%&eﬁtsCorrOSi on resistance to nedia

nperature resistance 5. Free geonetrically
wel | defined fluid channels, i.e., channels that are

free,of interfering residues fromthe nuf.act ur.i n

or ockaSeas et REMEFOTIcTow EREATAS 2P e oo e it
I s exclryssspb YesisRficb@treAhth t he stacked nmetal foils
for manufacturing nmetal p-reactors, p-mxers, and

p- hedt Coxeasianyeassstancente edigkised sheets to be j oi ned,
whi ch | ﬁBaeq Iagdividual mcrostructured foils, is
wel d%‘dh_t%o ongtugécs ﬂ%rax{:% a hi gh vacuum under hi gh

pr esS.uiFee@ebmgiricHly westipdafimed fiedd vhanriatd, ered] dHamsietmthat are

The advapt of thi thod is that nonoliths i.e.,
compERR AL Mg o EREUSE T i BYRH AR UTIGPIOCERS
produced. In order to provide sufficient
interdiffusion, very high demands are placed on

Inghe fraioe agu thermpdifiusingieleing isgxelusivelys usgsbiqicimtie stggked
il IR foR Rt i, BTty tersy SE R R o cRangers.
Tisebeekiodshaad tbde20inexdpeniinie npade efiadivithdil miomstrantlired foils,

oGt B Sl St Bt BB oo ST 1
tempedsiirad ViaNhieydiflisibReThakbamuge GRS hadthod gt htonoliths,
the formati on of oxide Ia%/ﬂ%l[rks: even when work i

i.yep@PERRNt ANIES MAstecRlaaeuilaH BRI E!.GHS Progusar: "EQEQ’GF fo

. ' ) . . . _
o SUGALAT ARl Qo1 OLFEBE 8BRS Atace qualt
(revgimesisc plrifypshayie/pladasty) dating e rirealiffusion wekding to the

T L MO A R TS
exprftive prvpesAtbidilonLhRE hiztetid @a&treatment. This is particularly
dramatic in the case of aluminum and its alloys since the high oxygen affinity of the
aluminum materials leads to the formation of oxide layers, even when work is
performed under good vacuum conditions. In the past this problem has led to high
reject rates during production so that this joining method is not economical for
industrial applications. The subsequent housing process (forming a bond between
the housing, including terminals, and the reactor body), typically by electron-beam
welding, is subject to this restriction to an even greater extent since material
combinations within a component are very difficult and very high local heat
development can result in leaks in the diffusion-welding seams on the reactor
body. Disadvantages of thermodiffusion welding are consequently the following

listed complex manufacturing conditions: high vacuum, preferably very high joining
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wel ding, is subject to this restriction to an even

greater extent since material conbinations within a
waeorpommsns are very difficult and very high | opel/EP®at/011657

devel opnent can result in leaks in the

di ffusi on-wel di ng seans on thé reactor 30 body.

Di sadvant ages of thernodiffusion welding are

consequently the fO||0MAng l'i sted conpl ex

Rg

temprpbges (T 1§08 YA langpsisnding gindvereaassing tieTass apH yesteeyjons with
ré%'gggt 10BN aﬁ%%@éﬁ%gﬁq & ﬁ%%’@o‘?%yr%]r@?nan‘% costs of such

nmperat ures ong standi ng and process
prtqdmets dlﬂBﬁC&lB/Sltmllt thdirounse. thfpnoeesq@(suth iconiprsents are currently

PReDts Betaia T B Bre Gibe PO A g antE ol 1 use.

The prices of such conponents are currently therefore
bet ween a few hundred and a few thousand Euros. 5

Sgsledagiang bragingrrietespeprinyedbe sisesvantage tipt theainingeoating
g O SR B BTG Y B e
fuhdadmmtz&!vaathwstlag@mé of ¢ataTRAINoughsictderild dmmgtazmg

§ LAY Y
cJfpEATRIANNE ol t8 rBRBbeh boBABIYe! uRPEAIBATS Rk Brizg

use sol derlng,and brazing nethods for industrial
metlingfsdor indsisgial pnamf@@nmwfw@onwnen@ siace thesrasipirements during

thpfachlt® BB R ErE VAR BERGRIE, oty run i nio

t he channel s during the nelting 15 process so that

t he els 0 not beco st opped u 2V\bka
per f bt F?{B{ﬁﬂ%tya Y T g e henngls w8 feting

Cannﬁf‘oce§§ stﬁ@t\’tﬁQ chiRRRIS @ tfdtrHe%Bﬁ% QBBBQH%W or is

extrenely difficult to renove. . _The sol der/ brazi ng

coat 2nyVatkemugeby eegfomdwwﬁhwfo@ahﬁt@ugt alinee flk yesidue cannot
di Stﬁé P&%S{?ed gb £ 'ﬁrll H‘erae o?ﬁ’%dér %L@d&%élyﬁlfﬁm ’Jo remove.

di nensi 6ns an ucture
Hu rrp3 Sat rme(édud@ﬂsrazl,ng(éobtmg jmxsm theorery Ehiv] horhBgeneoyd, esiformly

"t SPGB Al i Fyvdigs dus o Mekémal demensiegs anda

0- 87égrﬁp]e«9<ﬁgo5}héj§ﬁgdtuﬂ@es Transi ent Liquid Phase

Bonding in greater detail. This is a
Humptson (Humptson, G.J., Jacobson, D.M., “Principles of Soldering and Brazing”,
4 (2001), ASM International, The Materials Information Society, ISBN 0-87170-
462-5) describes Transient Liquid Phase Bonding in greater detail. This is a
diffusion soldering/brazing method in which one or two solder or brazing coatings
are produced between the parts to be bonded and the bond is heated to a
temperature above the melting point of the solder or brazing material. The bond is
heated over a lengthy period in order to make possible interdiffusion of the
solder/brazing metals and the metals of the base materials. A eutectic melt of the
two metals or alloys can also be formed if two different solder/brazing metals or

alloys are used. it is assumed that copper, silver, or gold is used as solder/brazing
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25 di ffusion sol dering/brazing nmethod in which one or
two sol der or brazing coatings are produced between

w0 b@spea7ts t o be bonded and the bond i s heat edPCDER2003/011657
tenperature above the nelting point of the sol der or
brazing material. The bond i$ heated over a |engthy
period in order to make possible interdiffusion of the
sol der/brazing netals and the netals of the base

mgteriel faiireost &f &g seldpebraging procestes3 @\ nisarexampleef

A BT/ 18 4§ ppen sy s
assumed that copper, silver, or gold is used as
I ng .\\WD 002773 PCT/ EP2003/ 011657
CREST2 A Sl SRUviHe Obfinemaet sigopruesbye o o
subsRafdth @Mh Plicidar @@hé’&i {d? 'SRl &t r@fttﬁétlﬂb frae migufactured
in a diffusion nethod is the copper/ tglna system

subsiretes Grobagsed edramiageausly §rgas- eodtlianis- Hﬁ jotits iy watch

hc!u}?’fgf %z%ﬂ\%xglﬁé% éznﬁaf lé‘or5 ﬁg e?:flﬁfé'@ thgb%;% éjzeﬁﬁ\glﬁr%%lng coating, two

perrﬁzmufomhgs ark depd;@tddaélestrdyﬂmdug Daridg mb/arazaw proxiegs the
co];gag;]gg ?%gp g %%Bel;(ggw dl_t ttrlpag pa§@norlng @\gqupv:getltttﬁg temperaqgre that is
| ﬂﬁrﬂré'%ﬁgrtﬁét 159 IrF éﬁér@ga nieMhg painht b%vé@@b“’@%dﬂeﬂ’ow

p03| te | ectrolytically. During the brazing process
apiex. WCn[jgr mmlderétutaémguaeaﬁﬁgx geldandmske] arelindiggfed as

co?nﬁﬂc{ﬁeingé in %%i%épﬁpafé%ﬁﬁt%@? %iqrﬁ}agﬁg%h@%égg 'wﬂgss steel,

ashebibws titaumxandLitaaim Bioyst With htdhdmnhbnsmf ﬂ’@mmat Ottger metal
kel are indicated as nents in

oo Shinaliore Bihrar brutserforb s PR i reRogBRee and copper

asS\Fvél’l Bk %%ﬁ{)ért &% sﬂve?s If B3 dIdmfeke] ESBtindTs 2pplibd k@ Btdiless steel,

h portions of titanium her et al
prefm@%lm ¢Qﬁ’i®9t0fzﬁ°‘d: firsedepasifetl oin thesubslataare for
i nstance nmanganese and copper 15 as well as copper and
silver. If a gold/nickel coating is applied to
Fustharmoes SEB 0e212 87$)¢3dfdaafsabb§zs a meﬂnb'drfgr ofangédduiing a heat
n the su er nor

t 1 F
exshangogRiae Bt fiduchantsiiotfediodhiedldrt e Ryna fusiee!
p|§t>é§ hepgeted p an8s @Fb bbdéd @%@éﬁaﬁbﬁ ué@? dlﬁ*@Slbﬁ@bndmg
mediumare formed in steel 20 plates he st eel

pl ates are bonded to one another using diffusion

Aé’&ggb&ge R #?ﬁ’ rﬁlgro%ﬁ'ﬁcthpi sgﬁ’l'pﬁﬂen@ &Méﬁﬁ%ﬂ H‘h%emarket
onen S curre are predom nantly
armed@ﬁlrfangb\ ngadElef sighejradiel eteterbdpecbdpmdlmhon constraints. But a
partlcu ar C eﬂienge w&h respect to producing microstructure components is the
use of aluminum/aluminum alloys, especially in terms of joining. In the past no
microstructured components that satisfied the aforesaid technical requirements
could be made from aluminum materials. For this reason this problem should be

discussed in greater detail at this point:

The low density (2.7 g/cm3) of aluminum and its favorable strength properties

make possible optimum shape and light weight construction and thus substantial
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particul ar challenge with respect to producing
m crostructure conponents is the 25 use of
wa@basioontrd al um num al | oys, especially in ternsPCI/EP2003/011657
joining. In the past no mcrostructured conponents
that satisfied the aforesaid&echnical requirenents
could be made from alum num materials. For this reason
this roble hould be . discussed in greater det
SgVifgs i dﬂ"ﬂg 'SFFQUPM{? teneinngsy of t *?%%@?R%”%‘F '%?%ﬁ?'ﬁﬁtiﬁ
infyefant ﬁ)rfa%ﬁﬂéé{mr% lﬁtvéﬁfégé E‘esﬂ%ﬁ’%ﬁﬂtdﬁés pdFekeh ﬁ’ééﬁlr@ 8n addition

opti mum shape and |ight weight construction andt us
tosgishiaingilight wisight edthea7grevgih ERa0OB/r0 heesrhigbly electropositive

criuBhant Solt S and ) sl HR ol B AdBsPREds Blvdetf o

congfase teee syl @mroaie éiééloémﬁiﬂumﬁg iresistanb ait ﬁluédd ithé édrmation
to combi ni ng |ight wei ght with great strength

of ePheTam moy ficgAling.airca ﬁhbﬁoerﬁvﬁnwuﬁbﬁa?%%rar@ﬁaus
C&R{g&ﬁ»wygg y has a high affinity to atmospheric

geﬁ contrast to eaS|Iy corrosive steel,
alumnumis resistant to air due to the forrratlon of

it B BfERiAhismetedin Baiad ePraBIOfT the hiibg restance
of@l@ﬁirﬁﬂh yhdt prévento secddserul eatin f@@fra@&ﬂﬁmﬁm yerd or pake during
corrosion resistance 10 of al um num t hat

’fhe m@réma@tug@ etedgPsrugdieTagPeRents @ﬁmﬁ}ﬁ%‘%@r higgreject rates
arfPiiuSt ferdBes aﬁﬁg i ?&EH\Vﬁd gﬁomo%ei& ﬁ%@ess Used for

conponents or ft ads to rej ec
thiswfet irtstermoef duringatrseingtare flubies tieatmosthapy mﬂit atdenmgratures of

0 Jprocess. Used f thlsforlns
s S B S Aeal® fie AP R haicryharysE B AREEhalll difavoided
witdn pagsiblesinde/ er@are Slilssightid didirivahtagsdgsociatedgith its use,
Use of flux should be avoi ded 15 V\he%gos& b| e si nce

sucheassfos instangsseiianaedalsREAR oGRIED dydepisgd \F\F?‘H'O”S
bét&v%eH?l%x anddf lhs%cfeoéllokg:%@??@gnw the HaeBrRAterial, and

[uti on, cCorrosion reacti ons bet vveen
addlmpnaéndS’ﬂsmsspa@t%ther@MItmyn @eddision: lasge sudace Aeedsaean often be

o B O SRR R g oo
dd@@ﬁhb@hpm yun-ofid thaflet duivie thd joining proveds énsli thisecan cause

an occur 20 due to inconplete run-off o
the Iﬁ’éo‘?ﬁ‘bjﬁtY&Ppﬁﬁs‘PHéo rgems ﬁ‘lﬁP%r'é gg FRASORS Othemme have

: rQH K péform&fwithéitising fi@k. None of
N e Ko e
these methods in the past has been able to be employed to successfully

manufacture microstructured components, however.

Currently intensive research is being devoted to resolving the problems associated
with joining microstructured components made of aluminum/aluminum alloys

because of the great importance of aluminum materials.

In general soldering/brazing is already employed commercially as a thermal joining

method in a vacuum or in an inert gas atmosphere. However, the foils or pastes
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been devel oped in which joining can be perforned
W t hout using flux. None of these nethods in the past

whawshbexsm abl e to be enpl oyed to successful |y PCT/EP2003/011657

manuf acture m crostructured conponents, however. 25
Currently intensive research 1s being devoted to
resol ving the problens associated wth joining

uShf bheh B S SR RaS Bidabtiicuty eavbdeat Tt idihannets
bé@SreingadtSppetfup NsOBRE IS nehSlers Me/dBitaBiear Use akr=Ejefhing

enpl o%/pid comercially as a thermal joining nethod in
mgthagtion misfostichie cagmpongals. Burfbemhence theHaditien of flwe normally

u%%égﬁmﬁ&ggfigélpl ng'ﬁ?g?%é %%é%ggboﬁ%gﬁp gﬁﬂéé&ﬁﬂs@ﬁce the flux

he mcrostruciure easily

- adcemaulatestinghasolde/bearived gap bethenmiostiavmeds] npddiion, flux is

that .this nethod i.s not suitable for use as a.joinjn
vy ageendly K SaironBiant snd S iiests Santl b iEed Wihout

tagg@idédrﬁﬁleﬁfanw SRoASNER s toYsiRly UHstdWater and exhaust air. Also,

ering/brazing can l'ead to corrosion of the joints
therercan blrairidegired reacions between thet fex ol ther allmyaadditvesapo that

f, 1 . Cr s, . ln Ltion, fl ' ry.
e RE FLIRRER s i dnB BRHERTort My el Bidbsirse
propertigs. n addition ! Whed manakaohgrirep omiagpst-aodteepizneienetors the use
sfhg)s to purify waste water and exhaust air. Al so,
ofiier @nclerdre dgraiatios Pt e catabist Useween the flux and
the alloy additives so that the bond desired between
the joining partners does not have the desired 10
Forioipéng aksninum aeitipt alominwh @loysAd$ 200a001g811 A1 for instance

pERIESRLC ST Ao G M Slales b R Byl ot ieliftpq gnd
thah winetaihceatihg coatainthdg vkl ﬂh@YSLso%n&QﬁQb%ﬂ éﬂ eldctrolytically

for ji.nstance ovides that the materi al h .
arrlierBdes PEs et Sl THrcsse | e JlRngRiote LA HDS RATegned without
b e ethibRdI BisrAeRlddled ABhiMNAattireketart Balusal $6r manufacturing

contains bismuth is electrolytically applied to the
heatexchaage®- surfaces. The joi ning process can be

performed w thout flux. The nickel/bisnuth-coated

alum num materi als can be used for manufacturing heat
SteﬁehanlgeDs,.WﬂdeISt£I Méwslq, . Wse cWibd{pfeted djffibwabdrriers and
so}fdéring%saz?rflg éﬁs?é%[s%l?e% éjéléér?ﬁg}/BPaanagr gtlegf/l?gh? rrllgllei‘al joints”, (DVS,

166, 94—-98 (1995)) provides that eutectic aluminum base solder/brazing metal can

be used for flux-free soldering/brazing. Prior to applying the aluminum base

solder/brazing metal, a coating of titanium as an adhesive agent and a nickel
coating as a wettable surface, which latter also acts as a diffusion barrier, are

applied by means of TiNi ion plating.

Petrunin, 1.E., “Contact Reaction Soldering/Brazing’, Handbook of
Soldering/Brazing Technology, Verlag Technik GmbH, Berlin, 1990, provides
techniques for soldering/brazing aluminum and its alloys. According to it, aluminum

can be soldered/brazed without flux in a gas atmosphere using the contact
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sol deri ng/ brazi ng systens when sol deri ng/ brazi ng

steel/light netal joints", (DVS, 166, 94-98 (1995))
w@e@gioes33 t hat eutectic al um num base sol der/ bPEEPZP03/011657

metal can be used for flux-free sol dering/brazing.

Prior to applying the alum nun base sol der/brazing

metal, a coating of titanium as an adhesive agent and

a nickel 25 coating as a wettable surface, which
reﬁafﬂ%meém%wstb@gt wsing suifagaiBictectlygracadings a3 iicoramepped or silver

aé'?@@& fc%];ﬁolaéw bré? Bg %ﬁtteh ,g tn@e%%%?qeg lto ﬁue aluﬁﬂﬂﬁ Aurface

ering azing
elé‘mircniszmahlg/ By azpogddrsitio, ogjay s¥rrdnagintingh SukfaCepibtective

| d 3 h fo
025G ok TR SRR SRRl T oA, mﬁ%%o%'a/%gzmc etc.
ca‘hoaléé bedlde 1f‘H8‘ﬂu£‘?’§‘tobl?e ﬁ%(ﬂ%fe@%@o%ﬁﬁ% b g bé kdhn

in a gas atnosphere using the contact 002773
elegiolHizliy 3r chesdqallys reacti on met hod wi t hout usi ng

surface protective coatings. Silicon, copper, or

silver can be used for solder/brazing material; they

DEﬁﬂ@?&)&m}’zddtdbstcﬁbe@bmmmﬁlﬁh@ anéthoé H@%H@h}té! m&irbﬁeactors
r- p05|t on, or by screen printing. Surf

in m@%ﬁ'ﬁ CB@B'P?'ﬁgﬁe fergreq 'ﬁéﬂ@'?‘f@é‘alﬁlﬁf‘?ﬁ QT@@IQ/ "?}fa”y

manHELRYEY %Q%Eeefret r?:léglllectéd ¥ é stéél@&nd irfed se'i:d?éiﬂ tg one

al so be u used. ese coat
anodhsr, fmnnﬁenc@ bmsoldeeilngﬂqra:chgt Tlcairidwndmal clubsirataisioan @Enprise

mERGITEA Fold S TSR IR e B s PrarBEERd i & 2 brazing
meﬂhedfusmged sbmerﬁwazmgl wedtaldomigining iR er, Rolidvaribiaéd MeﬂrQ)d is cited
ctured | anes are then collected into a s
in S]] BrehadinsesingITs PBoSia Anghiianch biomsith CRatg fsaRpsited
thé‘é‘uﬁ%h' oY é‘a’éé@ fow hfs g?”?ut\ébﬁé’ %I@F@ﬁh@tﬁﬁh& fflerphase when
nprise netal ta oys. For joining t
the ﬁaatmgﬁuarre m@teﬂ gmdo‘néhmheﬁmrmgtfedm 8 baanldrtaat Ings an elevated
é&g rtis' ng a sol der/brazing netal containing silver,
no

her nmethod is cited in which first a tin
coating is deposited and then- a bisnuth coating is

deposi ted 15 thereu In this case | ow fusin .
Fog INRMIREURNG A REAtRSCRENGR! TPhE Sl BRLe MaFRsa T TR with
Bdéﬂfﬁg '@ sJaddbsbRabe BaHbtfar “‘D@}‘eﬂrﬁﬁfﬂﬁ‘ébl@ﬁn&‘bﬁ‘ WBafeRPhge

that” has an el evated nmelting point. For manufacturl ng
elempeis udng RAGpehemical aastining rejedisersating, endctivzian deazing”,
Tréﬁ‘flwé.r]MP, 2000, 78(6), 243-246, copper sheets are used in which fluid flow
channels are formed using chemical etching. The sheets are joined to one another
using a diffusion brazing method. Tin is electrolytically deposited on the copper

sheets, and the sheets are brazed to one another with heat.

Bartels, F., Muschik, T., Gust, W., “Investigations into thermostable microbonds
from intermetallic phases”, DVS, (1991), 141, 22—-24, report on a brazing method in
which intermetallic phases of binary systems are formed whose components have

very different melting points. Examples listed are the binary systems Cu(Sn),
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20 Bocking, C., Jacobson, D., Bennet, G, "Layer
manuf acturing of heat exchange elenents using

w@b@soedtesri cal machi ni ng, el ectroplating, and BCT/ERRODM1657

brazing", Trans. |IMP, 2000, 78(6), 243-246, copper
sheets are used in which fluid flow channels are
formed using chem cal etching. The sheets are joined
to one another using a diffusion brazing nmethod. Tin
Pi(Sng) NigBn) lapdi Nifin).yThéeiippsrttdasches e Coppr SySterg g greater
%{éﬂ t he sheets are brazed to one anot her with heat.

tels, F., Muschik, T., GQust, W, "lnvestigations
into thernostabl e ni crobonds frominterrretallic

TR0 e AR i A S G 0 s

béé!? P@%rrﬁé& irf e sld ‘M‘mnﬁ PHRABES kS dB%Vt‘ﬁer@ Aay ﬁEV been any

erent nmelting points. Exanples listed are
shtarssyin splisfying toa remyirernentzdoal werreumerated in the foregomg for

ER2 /[ 7 (]
TR OB AP hetUeHEe CrERienty PR ihar R S phreten 4!
mi¢rosButthes edbwpenpaistiavel arrdayiylt@mrdﬁe@kssedrmtd pﬁes!pcd;céaa

great deal of work that has been erfor{nsd in the
pfqr%‘ﬁlﬂ‘go‘?‘em”itﬁ%WYHB%OftQPRﬂ'QE‘BO@%@WéOH%% 6t been
any success in satisfying the requirenents that were
enunerated in the foregoing for manufacturing
Despite e suhsiartial owpdrie snplonadch hamponiests for Helivagiea

R e S

compsbaentefecapphiicatyiin rl@rgfeﬁfurﬁiﬁéfe Oneareaddn Rarshistis thdtén the past
or

h%@véih%gtléaﬁlm@g ?ﬁdqf%?ﬂqeegffeg Bondif §ﬁ% e wagéis%ggqrm lgygrs were
n9ed Gitdufe Eﬁ?%ﬁﬁbwuﬁng‘t ﬁg&ﬂb%ﬁhétru?e cORIPRPBAR With sufﬁment yield.

economcally in larg ers. One reason for this
Thagroblant isdhatibe aforesakrgiquistements canmef ke @@ESﬁaétor"y For

mgg dj nﬁ éé H§F bﬁ%\%?%ﬁ?ﬁf %gg't @ﬁgfﬂmgrgétg{e‘r% l}léﬁ?@atﬁ%uﬁ%ent pressure

rexistpoce s suffidestufds andriguid-ggtitnesd betihphetibleemths mitflow
i ui renen nnot e fulfille

cligitnds 2660 H1 e AT PTAl G GRanRe. 16 \eeasdeS 440 moar - Us)

add bhend s&ﬂQ'tﬁﬁ@f@én%@%ﬁéﬁﬁe%ﬁcﬂi&@nﬁeﬁﬁeﬁ&h eBinpletely free of

pressure resi stance wth sufficient gas-

and
thei jgining eggnt, ferdssisoce amaldrrénazing matariet, |am do not become

stopped up.

Thus, the problem upon which the present invention is based is that known
manufacturing methods for microstructure components are not sufficiently reliable
to ensure that the pressure resistance and corrosion resistance of the component
are high enough, that the component's tightness against fluid exiting from the
component or fluid spilling over into adjacent microchannels is high enough, and
that the microchannels have a sufficiently low flow resistance. In addition, known
manufacturing methods are not cost-effective enough that the microstructured

components can be employed in a wide variety of applications.
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channels and to the environnent (for instance, He
| eakage test: 1 .10-8 nbar Us) 20 and at the sane

W eows/002372nsure that the m crochannel s remai n PCT/EP2003/011657

conpletely free of the joining agent, for instance a
sol der/ brazing material, and d8 not becone st opped up.
Thus, the probl em upon which the present invention is
based is that known 25 manufacturing methods for

m crostructure conmponents are not sufficiently

Tied debtribed problesng ard eived by thd ARSHGE i @@acﬁrﬁgmew&h @laim 1 and
corrosion resistance of the conponent are hi

R B RICTOH IR BRRIIN i agcqrp@ﬂ% with clgim %%tPﬁfwr@d
f
BRI O Puc RPN Rl i OO o
the m crochannel s have a sufficiently |ow fl ow
uf act ur

i.st I ddi t 30 .
B R Efees G AL L R myEPRE. RS SomBdhents include al
COrapOsSrity eat’cfhprize ARG NGal :mV@mal RYBFs i thaMad€ suitable
vari ety of applications. WO 2005/002773

fPC?PEWG@S/@PMSEﬁ reagfionse fa@xeluyshecherismeaagges fer cooling or
@é&ltﬁﬁ%@éfu@ CrofRiifiA fl'ustaSFﬂfr%f' bWthhngh@éﬂM

e mcrostructure cohpone in-accordance wit
icipstnRdureRramiporands genbratly cempsisefa pluealitnotovinponantdayers that
n the..subordin For..the

B3t o obe ot aitsr R ke BT weR S ofk Rt S annels

fopglidden e corfPORGREIM Sartib@br AORRhaRRelS foF AGHE HdUSREr hollow
i ndi vi dual | ayers and that are suitable for

races thatryesaapensitle fesibeifenaionality eidbe gomponests-
exchange, for cooling or heating nodules, for mxing
fluids, or for a conbined applicatien. The 10 ‘
\Wihenastareneaiisenaderpoa esntcferiggﬂmsa:aihgynetbuﬁ r(eldeting or brazing

BRioR i e AR Ang i Salifenisty st Bderfool 16 be a
riethoddhavhieh the joliing paftAsrsidte Hadded le, addition of another
ticular flow channels for fluids and other holl ow

(@a@@égr prgingreategah siharebwuthegnatarial fpresephia) theyolpt seam at
leﬁ lg@?@g}?ﬁé‘gﬁxtﬁé 5%@? %Pg&??ﬁﬁgﬁggﬁ%gﬁﬂgﬁgéc?snére differentiated:
Eﬁmng)tﬂva bhrazingameihedid madariabis aget that hlhe acinelting, paini that is at

R g YRR b8 ARG e Wi ahellll oul Gt teast intay

ran@idaesr than 450°C.

When reference is made in the specification and in the claims to a high melting
point material coating, this shall be understood to be a material that has a melting
point that is greater than 450°C. When reference is made in the following to a low
melting point material coating, this shall be understood to be a material whose

melting point is no greater than 450°C.

The claimed method joins the microstructured component layers for a

microstructure component to one another using soldering/brazing. For
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(sol der or brazing) material, whereby the material is
present in the joint seamat l|east initially in a

wo e®sidE75 orm Brazing and sol deri ng net hods aP@I/EP2003/011657

differentiated: 20 During the brazing nethod a
material is used that has a mdffiting point that is at
least initially greater than 4500 In soldering, this

[ t] ' I t t
ebltitl Recherfive edmublis SombosBois Hie bt aRyred
tampbeertli@jars ak® fitst Pr@iddrebh ﬁd?rgmg%@rl%@éQWﬁPétQééﬁ'one
coatin this shall be understoo be a materi al

mykifundional barrier reatinecand areHaenipsogdedmin a ralden’sozing coating
f I
Q%Fﬁr r?g bgéozﬁr% Scr)r%(fheqp?%e(h%%g [J}%é ]’BR b%Wl%ﬁ:ﬁtal ngéﬁ'%\ﬁ the component
laplellesrm‘epamdtm this raammdrerre stackbasmd seidéredfbrpaedito ose Baother
r.ea than 450C. 30 The cl aimed nethod joins the

g §??uct ured conponent layers for a microstructure
conponent to one anot her using sol dering/brazing. For
WO 2005/ 002773 PCT/ EP2003/ 011657 11 nanufacturin? t he
Thig sagulisdn @ wicsestrunitrnereomunnenh érat somprises a stack o

ST o BORRBED Y T BB B0 oPE Y g o

mﬁntnalty mm;lstrm naaterials seldeesd Ppomvthdesioup tbnprising metals and
(sol der or brazi ngr coatin

/b
PRl B0y e e Ry Al Al upy S dub oty SNyt Biaar £ RIS spdghat has
ét@é!%t?on@f rﬁ@ﬁﬁﬁ“ﬂ:tlbﬁalttfﬁrﬁer"@d’eﬂiﬁp FHcforkd %IH@F’OF"BF&ZIng coating

sol dered/ brazed to one anot he usi ng heat.
hedwgen éhe indivigial cospanentlagetso ﬁbermﬁsemthaverdmmsm@@%based ona

Jéﬁé:grﬁmgihoﬂ mérto%HEEtlﬂl gor‘ﬁggﬁ&ﬂﬁq‘{laé%éze Eéméﬁﬁ%r{ﬁ]?y&rs that

ned oneé ano ess

hamatddaasifonnzahaltnﬂaidsloaall bartl@dco‘atmgl tfsedalbuen the j Jommg surfaces
r ef er abI

tisi. netal s and netal all
B A e Bl eaeB s avch sbSs ol epdigngled thereto.
at least one nultifunctional barrier coating and one
sol der or brazing coating between the individual

Wb%éﬁé\ﬂt nowwmqmcwcwént hasmbeen delerminachihat Higsieining

91'0'? hf?@n%@w?@w I Sanf'h&%:o\?{/é[eﬂ g@% Frg i as{ﬂﬁé‘ t8mponent is

ulmqilet hfghmneratnrag pt&:ssureann paettcutay it Iwob@embbyemedtﬂhm the fluid
onent

et i Boondat el oS Ui pBROR g e Sperating
pressure in the component is relatively high. in many cases it has also been
determined that fluid spills over from one flow circuit in the component into another
flow circuit because it is not possible to attain an adequate seal between the
different flow circuits. It has not always been possible to determine the causes of
this. One possible cause may be that the joining surfaces in the microstructure
components are extremely small because the microchannels have to be housed in
a very small space due to the high integration density of the microstructure
component. Thus it seemed an obvious measure for eliminating this deficiency to
change the flow channel design such that a joining surface that is adequate in size
is available between the individual microchannels. However, this optimizing
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When using known joining techniques it has been

determ ned that the joining bonds are not strong
we@p@agie7rh parti cul ar when the microstructure POIPP2I93I011657

is 20 under high operating prﬁésure. In particular it

has been observed that the flufd processed in the

component frequently exits the conponent when the

| . .
RERHE BRLPEAERHS Bolfle| b RERARER I} chEhakdfXiosion in the
deaiied mpnhérsis dugitly fimited diyethé lintagition ldehsttyl rédudrements for the
co qnecgt into another flow circuit because it is not
'BB:E@T’ URELAUPRAIGS adequat e seal between the 25
di fferent fI ow circuits. It has not always been

possible to determ ne the causes of this. One
YRyysaseisl diffysienrhgnding ehmicresfauqteerdongpenentacemprisingtaieel or

t
N N e
Hoaeeerdaaother pkrﬂ;lbmgdrosairem?ﬁbhmetmw gabétebher copper sheets
tructure _.conponen us it seened an ob
SRR Goe e bla Gr fam arEiie)o tenbbomiaags the sheets
vk fhe Wnﬁi@%ﬂo@ﬁﬁéﬂ ﬁsﬁw@@he‘é@@wtﬁ dif%r@htn&wos Wﬁﬁ'ﬁ@ular lower

that is adequate in size "is avallable between

SuRgicei ity dees nrifaathtd the desivedaras- ahd diquist tighit bionging®f the

B SEORRCH SO AT e TR e b e

alloys laee ndeaf alestitabisnehen st doingdd 1o Ténﬁkﬁf‘st@mtdrb%omponent being
|nte 0 nsi t ui rements for the
 Fostuel gt V&fzﬁ%@ﬁgﬁ@f@m PURSS)rR i @tRMeddi f f usi on

bond| ng of mcrostructure conponents conprising st eel
or copper. sheets resolved the problemw th the
Tihenp erim degerthed aedesolved forfibe ditgitimg by Hoadioing the described

c@gﬂﬁg SruBipE koM an‘?lﬁﬁfgheﬁé@ﬁ)ﬁ?rr%{ycogﬁéé%ﬁﬁl gérﬁragng coating.

or copper Shee surrace du
sui tabl e for gas- and |i quid- tlght bondi ng of the

oo A Rninech et ettt ana) SRigP Gery pavents the

e%tﬁbhfs)'in dﬁ@%oﬂ@ﬂb*&%ﬁb &@aﬂd@ﬁfr&ﬁsdﬁ‘fﬁhg?ﬁﬁo tifhetdIBHsd material
ght_ bondi ng of the ~ sheet’s. In ad ion, in

Jtp%tr&S. it greénena theishemesisceiitie melakhrse: watesiebrom diffusingnto the
t

<SPt g g In R0 o198 ek 1|4 hase o

cafigim mietg speties mairing rsek:imm/braznag palnldetdus ;bﬁev'élmes undesired

%qgwgﬁﬁe&q%e&&%% ﬁ{ge%olger(?l r‘é%%gfc%%n%é‘ %n&ltﬁg tbase mate}/ial. In
addition, brittle phases are prevented from forming in the base material and/or in
the solder/brazing coating due to intérdiffusion. In addition, the fusible
solder/brazing coating is prevented from depletion by solder/brazing constituents
diffusing into the base material, thus preventing a secure bond between the
solder/brazing material and the base material. Furthermore what this achieves is
that the joining partners can be soldered/brazed without the use of a flux. That is,

the barrier coating also prevents oxidation of the base material.
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coating structure froma nultifunctional barrier

coating and sol der/brazing coating. It has been
waledosiom7ned that the multifunctional barrier CcPEL/EP2P03/011657

prevents the elenents in the sol der/brazing coating

fromdiffusing into the netal 1Base material 20 just

as it prevents the elenents of the netal base nateri al

fromdiffusing into_the solder/hrazing coatipg. |In .

Bﬁlq'fé{]gzﬁ‘i‘eti‘ﬁgﬁﬁ?fé’\/&ﬂos thgdpegemtdpvet qg\h%ﬁ%%ﬂ%mamfactu””g

rﬂﬂ?ﬁ&rﬁture@%&rﬁﬁ&éﬁﬁé@’e@ BRE nSierdiiiciée components under

sol deri1 ng/ brazi'ng and prevents undesired

capciitimrsdhit prdt@@ittbe mtmnlrt acdition treeoprerAnshorcenanenglloys and

@Bg 9:5?@% Z’}]C?tg l{% ﬁg Iso ﬁsk?%ﬂ' sg{gjé%%r rtré\% (lgfsltg A d7conomlcal!y

hde aldminlve sl éiah{nlmirﬂﬁllbgs QQ@bBﬁeﬁdcst/etmatenals for microstructure
interdiffusion. In addition, the f

GRMRRIFF A o iining mahpd oGRS 19 b Riepek inyentign makes it
ﬁc@sﬂﬁé /f@’ RE! G HrROSLbS féerﬂéﬁufa@h]‘rfe%%: M(‘:hﬂetcta)ﬁ”n&ﬁﬁ;‘?lts in the

mat er | thus preventing a secure bet ween 't he
cmimkaa‘rdlbnrmmm @ndailmnlraﬂm athoys, ﬁtGaIMQ&ermlbﬁfl tale advantages of a low

rth h
(Gt} 88 ploctss widh By P Taetals abd Bethlich 8, PhiBan lower
prob¥ssing @bsissthratight dsvidey |hle$fer§y3@b$tﬁgar@| Srotqute thenérsvironment.
oxi dati on of the base material. WD 2005/ 002773

uriherpryed is 1od ggceqsgryrt%@% ?ﬁp%l%h%ﬁ@%ﬁwrﬁ énqtgnals for
M]l%l ?% u@i-‘cérﬂ SR bR Y'\‘?isthhg rthérﬂg ?)Hél’ A#tays for equipment
an

ure component | ayers ostructure
foommnmmuﬁaommg pravessliate omeretaln md)tmmthe peotective process at

IQdequgg’ﬁaer @gt?r(atﬁ 8&?@%3%5? tg\gqgltmls[tggﬁtg ?g&gﬁ Sémﬁbh@(t% while

£A8HiIRY strir@fent Bschinblogiicdl quElity ecgeieaaahtah ityrnis obseal, strength,
al um num and al um num al | oys as cost-effective

ahd espegially eprresieon sttt ure  conponents. While the
joining nmethod according to the present invention

makes it possible for the first tinme ever

Teenjdimiog unethoidacsstding tathe meﬁp@wenel@thrhrqsﬁb/eséhg grefylems

C? Wg&éa{ﬂiﬁg ggr §$‘ng%ﬁ%ﬁjes?%ﬁn:83{r g eﬁo@ﬁsﬁé{\: gf §n\%<|de°éoatmg on

élahmmtrhatermﬁ @speciallly fortfcihingl theys mdtbiialscamd thusesatislies not

%{gg&%f@%ﬁé&&%ﬁ%&?ﬁt o n tn,ﬁﬂxgt%ie%ggtﬁf%ﬁmng method and
1?\25‘3%% ?’Heﬂg i ﬁ?%‘?ﬁé@'b%a@o&hetrfém%ré%@em@ﬁlowf‘ér industrial

gh-t eénperature oven and thus the
ami cwatl—effmjlveajrodmﬂoatyghfsds theyanpynway the micregfaucture components

SBOHEABIYL DO SSBEcAch haE e " addi tion, the

The multifunctional barrier coating in particular embodies at least one metal
selected from the group comprising molybdenum, manganese, chromium,
palladium, iron, nickel, and alloys of iron and/or nickel, with phosphorous. If the
soldering temperature is not selected too high, practically no interdiffusion of the
elements of the barrier coating into the base material or out of the base material

takes place.
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low joining tenperatures increases the formstability
of the conponents while 15 satisfying stringent

wo ewhna7eyi cal qual ity requirements in terns OPCHERI0)3/011657

strength, and especially corrosion stability. The
joining nmethod according to tmé-present I nvention
resol ves the problens described in the foregoing that
result fromthe formation of an oxide coating on 20
alum num materials, especially for joining these

Tat enulgfusictiondsl s é‘@‘hhgﬁ’iagﬁn 'ﬁ)‘éﬁlcﬁ’.ﬂﬁrya thierieRs piapBloximately 1

requi renents for the uct and the manufacturing

ﬁé - dhepughithp awltf@m\p&@nal thariiesi eoatigg n@telwbarltl@atoraﬂhedoase

nt ,Qgga |
cost - e?% ect%l %Hrﬂ%lra 0 t&? ’f(mé h%%?é&iﬁ% dg ﬂé&&éﬂ# {3‘ %gﬁl{q gt thickness.
fivgs tet barrien ceatiminohentase alsmfdrinigda hbfm@f ehkoas b@fse for the
ti functiona

Li,cat f 5 Th
SRy B eadtits B el cRiied Rirby BUrbemaRro e Sriroating also
Rcts theeldeisR@énkEs %M@ergfn@%éé%fé@ BHd m!f g@ﬂegmzmg

manganese, chrom um pa adi um 1 ron, ni ck
e03ttigs The harder eoriingrforms keeliahie bengtio st base matefialiwizen heat

Sk P SR E Aol & Sy rEcst A8 By engystrenotn
theenlbaostieturecaimpananit o t he base material or out of

the base material takes place. WO 2005/ 002773
PCT/ EP2003/ 011657 14 The nultifunctional barrier

ﬂﬁ@tﬂdﬁﬁuhé\tﬁ)déﬂ bBAdriceatiAg can WEQK{&@%? wf pr%@ﬂ&é’d( byR&INS of

{) Through the nultifunhctional barrie
Q!@@T{Wi@ ing mededsaAnplied asran ﬁ@cmetmmatho@fomaﬂabe@ for

@%&?Mt@cﬁ#@* &%’f%tig H}% Er&lbﬂﬁgﬁ %ge?drt%oﬁ et%tr%ess or -

I ckness
eementatise nadtakﬁépmsutsnethbdnﬁ@ethS rheisedépssititreshali be

Rl REPR berhalin I'uhieh atethE R dansstpian & depesit batn
cROEAINGe AstchR) ﬁ@@ﬂ Vvlﬂﬁ)@ﬁ%eef@h?dl eecPOtelbBfic current. A

sol der/ brazi ng The barrier coating fornms a

Gegneryplive B@%OQ éhf@lhbe yadéfsmncbiq be awnelhodefor instance, in which the

ressure st abi stren
orefst, the metal hmmmmnémng d‘érmsmt!thyf crrargé @nalham rdaetion with

tﬁé’ %hﬁgge of ﬂwe pad earrntaltecr%]a{ tR ase ereforé/ tﬁe metal |fs deposited
while the base material dissolves. Since the coating thickness of deposited metal

and thus the quantity of the deposited material is relatively simple to maintain in

| rﬁQ@?% del sﬁegﬁﬁ? %rlgeﬁggﬂ%%ﬂji ’dfaﬁ d}i)%é n%f:{)h%'ir?gtreducmg agent for

narrow limits when using electroplating methods, it can be assured that the
microchannels of the microstructure component are not stopped up by the material

in the barrier coating.

The soldering/brazing method is preferably a diffusion soldering/brazing method
(SDL). This shall be understood fo be a soldering/brazing method in which a
plurality of elements of the solder/brazing material interdiffuse and thereby form

intermetallic phases. If only one pure metal is used for the solder/brazing material,



10

15

20

25

30

el ectropl ati ng met hods. Applied as an el ectropl ating

nmet hod for instance for depositing the barrier
weomsiony7d s preferably an el ectrolytic, electrpCBEB2003/011657

15 cenentative netal deposit thod. El ectrol ess netal

deposition shall be understo to be a nethod in

which netal is deposited froma deposit bath

tﬁ%%@té‘ IC?Q q%st%qHﬁf Ok agﬁ%ttw% JB’?]%%%rlﬂﬁergxﬁﬁé%tglhc phases can

CtricC current ative meth
abarésuie understood to be a method, for instance, in
which the netal is deposited from a deposit bath that
does not contain a reducing agent for 20 the netal,

rdtans@hae, th@%%ﬁfos’ﬁﬁjd%cﬁ@m@ets@@f Ehé ﬁiﬁﬁl@g@ol@éﬁbm coatings

reaction with the surface of the base material. In
duiing thaskffusior selderiag/brawingrateihod sad dswsiordinateghameng each

e RS R S B3R HBR o i AR T lrgeeps. Thus o st

4 hgrydewo*aeﬂtxa@ ta’aberétllakie s Sittafreat Whaiugfsmlt‘mbéfutsm)ln of the elements
nt a narrow | imts when using electro
e salribazin niseal Hanuge T VAT e s GeRg i bgs, the
rﬁéltlhﬁ%o“ﬁt‘ijr%&él%ﬂ#ﬁ@tcﬁé’mb‘Pl'é?'ﬂém?én%tt‘]‘r‘étdlﬁh@otﬂé%dldbrmg/brazmg

he mat erial in the barri"er coatin

- woreRs: iThgt ks dyitegpetod &tk joinipg @beﬂagmrwmtfm diffusipBn

SR aRe B L brite ol AT aatis Heqysyptipined
vﬁfh alnmellaxhg bxbmghéftlfl@ @Ntégﬁﬁllgﬂhg%@ﬂ?da ithé naélimig;pomt when the
St B R o T S i A4 P Srtagecus
e el é’@b!’d@?/@?éﬂ@% tﬁ{lgs@prom&)o@@c B8rprides at least one partial
PCT/ EP2003/ 011 his nmetal can diffuse into one

~ seldarfsazing gosting ﬁgd;i!apaﬁmuiar mﬁtwtsalqar@rpﬂaw@aaa@ﬁ In this
c%%é%ém{iﬁj c{: al At %’tmé ietd'tBréa@ﬂdof the gurfaces to
. Thrckness o artla &r razi ng coatli ngs
bcéqolma@ intoedel t‘ofmevemt difflsien iof gldmerits rﬁ@nnrﬂtdwbalse:matdzréal into the

G S e B NP B S i opr Qe sgrtorazing

edtetibl BlattainaEby difRMidreditthe GIdrBERer GFithe 6ah§u§bé@lan§<§ider/brazmg
- Through interditfusion of the elenents of

coglingy jnie Krermnokgre Altaativeldba Spw@r/\baazlwgogtmg can also be
Y R A o B ot PR Phe O 20l
solderlng/bra2|ng 10 process. That is, by tenpering
lrt1 ggo{helrrﬂ)lrggrred erhbglél Fnlerl% o% E‘le l(rjllvérflttljc?n prowded for one of the partial
solder/brazing coatings are high-melting partial solder/brazing coatings and
provided for the other of the two partial solder/brazing coatings are low-melting
partial solder/brazing coatings, the high-melting partial solder/brazing coating
being in particular deposited first and the low-melting partial solder/brazing coating
being deposited thereafter. This embodiment achieves particularly high strength in
the soldered/brazed bond. The re-melting temperature of the soldered/brazed
bond can be intentionally influenced by the selection of the composition of the

partial solder/brazing coatings. Thus, for instance, by using an excess of the high-
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sol dering/ brazing nmethod a secure sol dering/ brazing
bond is gradually attained wth a nelting point that

wo g00snisranti al |y higher than the nelting poi neCTHRRI003/011657

the solder/brazing coating first began to nelt. It
has proved particularly advantByeous that a
soI der/brazing coating is produced that conprises at
ast one partial 15 solder/brazing coating and in
ﬁsﬁ‘ltm@ 6Plder/plazinheenaPneEs.dae/reragiling tevaeialge cambe intentionally
l;
g%lf% g"’h?rgmég‘?w%{j% ){]eélgt&'{u @2 elrétgﬁ{wé{a@ &gﬁgﬁg ltH:Qg;ergt excess of
htgrmrfme!hng dofdevbraming tormpenents sPfassord hltabbmys eburs‘ung pressure),

| to t df th
BRUGEH sy FaBortathfph i tbr it eaeo sl oo Rarfigh Ay hian
Mmeﬂtﬂwé's@ﬁﬁri&‘aﬂhé fcé§!uﬁ1£c&§1pﬁ§@s SleesTRRe Sar@hl $d)8er/brazing

vari ous parti al razing 20 coatings into one
saatimgs. Tha Ql@m@ata oidhg twh pasisl geldesibsading coatingsarecigferably,
|
Bbfﬂ?Pﬁeqésgéﬂigt %a%bin%g%yftgﬁ %h%fh%? er{hteast&cw?%étWopéeSIred
imigeneétatic, phasesi Idletdefcase ofiforofing Hesipad tribadd crystals, the quantity of

ﬁ?:ﬁ g)er/ br.azin ﬁg@%r'; % sw%%lzh %r%p}glgaﬁ\gg\?r{ﬁq@ clemgpts of the

ﬁ/f/o bBﬁha‘I %ld%?/b?éz’kﬁg SOAHRIS e Bl dted 98¢H 1S 117 Bvo elements can
lownelting partial solder/brazing coatings, the

farghaeettedtiegnplarthen the seldering/beazingytasoparahiye cgeileysetbelow the

I
B s PR e R B B Ao Bl b RO B 1 °
$blideriagihodring mémpeﬂatmes apavé treuineiting tehglersturenfthie eutectic
bHSrTite0i meBal GrsBPstes R Ve el YT PERA Jarings does
hof Eareagrhdbg thé‘n? eBficE i df) 1198 térﬁ;?er‘éﬁﬂ@% beferatd séiBeted just

partial sol der/brazing coatings. for instance

Bhoye theymelinedeayeraiure aethe; lgw—m@tlgg@@ﬂmiww@r/brazmg coating. If
gcgfw gﬁé nfr%q%grégﬁér?ﬂs_ ﬂﬁFEﬁ% 'Sf p%ﬁg#é;?{a{)m%ﬁ@%trength are not very

simﬁngant dh«alprqcessmgéede bybcbtbraﬁtlm@ casesedemyo@dah shefategoing can

P sREMEREH i1 fis® SapTiel by 2 L B3riRE T TS uia fpaiment) follows

ﬂ‘teaéhdrtértéd(ébkﬂ@iﬂgmrﬁrr@s@‘bbéés Thidliealls ivdtHea Mddmonal pressure to
nportant for mcrostructure conponents, is al

wﬁqvempaeﬁurﬁ istabildiograng strrnadies wéhptﬁogm%n&avm% can be
’.ﬁm’ege:ng ?n({:rn%ezt%wfé;%;ﬁ%aﬂ@ﬁé 'Ig{rhtels‘é;)laqggll/eg Fhﬁgr auré3 PHdWSthe pressure
tohis lmgﬁe@,rzepmsem@rmbbgss cdpugisndte pertm sl &l lywer temperatures.

Sg@gt:e(gléent temperlng a?a?ug er ter?]ptepa urset v?/ftr?gdt%rg)%ﬁ

lcg’cioor{c of a pressure
tool also leads to higher component strengths (see examples 2c and e). The
tempering step continues the interdiffusion and/or phase formation and/or
formation of the mixed crystal as a function of tempering time and temperature
after the shortened soldering/brazing process. Cooling can be passive or active,

e.g., by using a cooling press.
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intermetallic phases. In the case of form ng desired
m xed crystals, the quantity of the lownelting

w@eogpoismi s is mnimzed correspondingly. |f tPEI/EP2003/011657

el ements of the 10 two partial _sol der/brazing coatings
are sel ected such that the twd’el ements can forma
eutectic nelt, then the soI deri ng/ brazi ng terrper ature

RSB OMt LA o SRR i,
;saﬂtldaiar mdya thig iasbiclvesnes &taltj,f @il &e@bﬁé@t dfhiee Wedividng component
era ure f the eutectic internetallic phase.
Sc%%}ﬁﬁé ?tc’? Igierian offbe ngividyal Iayergeinchiding Egse plate and cover
pI@E@%y"’tﬁénﬁ&%a&?’s PlctiCali |Pn§)?9§fgﬁ Grhtggtﬁh{& ?Qb?ﬁ&é&ss

the tenperature s pr jlust
@@tﬁﬁémgﬁef ameptiragess) nmpmnabty mﬁrfarhmdl ava mzristtamtgem perature

(kb Pl BT Do Bresiite con bEABIEY Sanige foining partners

durirenthielteAipRrinQtpry€ess inTradm@edtain HMONMBRGRDES MtirhhiE®ond of
tbn .both of the cases described in the foregoing can

& JQRHIG RFEETS A0 cRaNgthasnple cagPonepts(aaetanebly
§cﬂ8&%’d%r§‘%§? il 83L& ori?bh i Sa% gﬁ %Egﬁg%stance argon,

deri ng/brazing process.
rittagenpinairder sassuee that nnorcp«ldla/eobtmgss‘sun ensthelbidsetraterial or on

in.the co whi.ch can be
tﬂgg¥ﬁ%$§%%£P8F°@BP9§9Wn |WQ: YO he avai | abl e
tenperature range of the pressure tool is linted, a
ressi ng process can also be perforned at | ower

erRpleRidayers s ayelermbly bapded fyoae apothieg by the simultaneous
éﬁmﬁﬁ&ﬁ Hf Rt érfboiﬁrtes@ﬁ’r%l F6fhin l@ﬂ‘ugfole‘?‘pﬁ%see%s\}&ﬁ& f §c9?ér/brazmg

I'so | eads to higher conponen rengths (see exanple
atesiatiisoneltathand wnmasoﬂl@rmabl]enumnmgmmqamﬂece a very

e Stk 3rP BB BarR Ry Eriat EBrPnit rit gpa tatis very

steemger i ng time and tenperature after the shortened
sol deri ng/ brazing process. Cooling can be passive or
active, e.g., by using a cooling press. 30 WD

T@%Oﬁ/gﬂgﬁgm %Hnéﬁ%%@%@%er f s ?dér/-g%‘ilﬁé Qb4 &‘al?@é‘ applied on

done at a very low s razi ng tenperat u
0|n|¢ sigeuor podiaih sidestin diffeseniciiqeenses to aamaalyd/m Ifdr 1nstance to

| ndi yj_dua onent so. t ha

B o Bhe (P h T s BEGERes 1 EHRlR b Ckrererany
trp)da atgh fmadhrmymlal wldérﬁ)rabbflgtdm%hﬁghs bpplibd frsbase tHepethbYow-

| ? Jwe t enpering proce
me |ng partia solder/brazing coatlng is apphed If a solder/brazing coating
embodies at least one high-melting and one low-melting partial solder/brazing
coating, the high-melting partial solder/brazing coating can embody at least one
metal selected from the group preferably comprising nickel, silver, gold, and
copper. In this case the low-melting partial solder/brazing coating can embody at
least one metal selected from the group preferably comprising tin, indium, and

bismuth.
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5 (sol dering/brazing process) is preferably perforned
at a constant tenperature (isothermally). In
w@awsndomy uni f orm pressure can be exerted on PEEEP2003/011657
joining partners during the tenpering process in
order to attain a honobgeneousqd ntimate bond of the
joining partners to one another. The conponents are
preferably soldered/brazed in a vacuumor in an inert
Tgas tat medinigethe solder/brazingwoatiag gomprisMigrthé meg @i
el &[) to ass re t hat no oxi de coatings formon the
pldg

(ARG FRAUNGS: SR INtPHB Ot a8 A TR BoSOMRGISHEEH, Siver,
niduel ﬁﬁdﬁﬂc@Ebéf‘Sr’) Haghe %anE%dSﬁf@W@ﬂhdtLﬁ‘ﬂ %Pﬁ/cﬁ‘rb“r’smuth on the

eferably bonded to one anoth e sinul taneous
Tg}%h?@dt Poge dhe meialsai dhe highsmeking mdiowgnemmgmaenal

15 nmater. .
G B o T RSP Boro o PGt Bmd Gl ffibering. a
sdﬂdemgﬂmeaad boodnessleathat tery Streky pkethat in partlcular has a high
ﬂrr03|on re3|§8§nt and that is very  stron

MG e leEIReralyre Hatis glersy @brye Hae ﬁ@laen@@!bmm%teﬁpef@ture

coatings can be applied on 20 one side or on both

sides in different sequences to each and/or, for
Thedhieknass afdhe salderibvazing seatings is pmpfenanty apalymmately 1-

I f P
20, PR o AR he AR o s R kg e deipd e
eléc’arcs;blaangi mdthodd.fCareaily dBRltroiling thelcbhfhg SRtIiRES RIF @7d A&posited
ating.is applied. If a solder/brazing coatln%
SO@&%‘E{ 2 diﬁafég?é?neﬁ%uw@rﬂmtw ﬁ@th&rﬂfp@ﬁéeqi fEgligngyres that
th@@;’dld!é}}'brﬁﬂhg%ét%f 8364 Hotzéer?élfaété o th %13) 1% Wr&bﬁ%nels of the

artial sol brazing coating can enbo 'east on
'nﬁé’t@al sempenedt kayera amtéstgxpdbﬁnwref'l'meﬂoye oejlapfe pnomigctlon of the

st Hhon el Susl 10V BT e i Al Sl ethod
aaordihgas the Pfesrmt &ia/eaab»egtr:gﬁe E??ﬁ’ﬁf E%hgngJ@XWaﬁb@frébé%n

| I u
mgg@g/ fj@ %%OP@PERQ%%&%Q@Q? solgerfigeang 1993“‘%5{ Phef theartial
solderiisbrigatalitigs ORbkl dharg® E?éﬁa?‘lgrégrebefg?rf Pféf pha é’écurs with the

sol der/ brazi ng coati ngs, an intermet forns,

bagrigr coatiigipal whichidhe soldar{psazing spatieg in parditder isofapssited. If
th%%aﬁwﬂ% AinBa0Feidhdell iiin RS Sler RALH A RAN pgljeg,n% that the

charge exchange reaction occurs at least in part with the base material surface, as

well.

The solder/brazing coatings and/or the multifunctional barrier layer can either be
deposited exclusively on the joining surfaces of the component layers or can also
be deposited on the walls of the microchannels in the component layers. In the
latter case, the composition of the intermetallic phases that form when the
solder/brazing material melts can be selected such that these phases also act as

corrosion protection in the microchannels.



10

15

- 20

25

30

ot her hand. Once the netals of the high-nelting and
low-nelting partial 5 solder/brazing coating have

w0 ndostoad773 used for | ong enough tine during tenper/ERPIP)3/611657
sol dered/ brazed bond results that is very strong and
that in particular has a high9 nelting tenperature
that is clearly above the sol dering/brazing
tenperature. The thickness of the sol der/braz

Theapicrapruciirgd sheetsmap Hpphocrawderh the mﬂﬁ%ﬁ%&%}ﬂa* frRgier
cSAHPLAY ﬂ?gd Whh W&élﬁ@ﬁb%ﬁﬁfé@a@ay ?E@r(fi‘ﬁlté/d Qﬁé’é@ ¢8f be stored

usi electroplating ne controll'ing
farheng patlth\thf time kvitresit wbmyln@ hﬂlepthza bmzb rrtadodermi istlibfeags mgpuld

th ed .
offEods i RGP Fer ST AREbS e oG RER. Tusno fuxis
né@&ed) @Dﬁﬁ? %bﬁiehﬂgﬁbréiiﬁg Vﬂ{é’séldéﬁbfﬁzﬁ@@é@m@%ﬁd f partieular the

i ndivid nponent |ayers and stop

mpEueeinnal b@mqmogtnw BERYENE BTnishing qqfethfgaase metal surfaces so that
SQUBRAR LSS RIS ViR icidihy bBbde Bl fihenthe| ©

al na acco
soldegbtazimy coatirtghie prefeeatdy fanwbirges aaptm:alrtg of taymes bbdifferent

C%n%tpg%? PB?J&Zlgﬁ%Ct rlglla}) at ?c%rfu@-fsn?ftﬁge,peajpp r%||y{e ic, electroless, or

cérﬂleﬂ?&tfv@rrﬁéia'ﬂ Geﬁ@s}lﬁém %nalehﬁwéﬂﬁé@@tr@&Qmﬁﬁd seRiet/bedring-
preferably occurs wt barrier coating upon which

ceated seIeRITeRt sheely af@@daqegi qne ween fhepther sycly dida stagk results.
SIt{JBt%% 6&ﬁ/egﬁrtﬁé %Bmg)gﬁéh{%ée?%f et'h@éo‘f@ér%brta? ing maaY wftnout

ar ge~exchange
dlreetoddrmmdo dfoes basd; maemetl anld tperetfom prhysudraélykrasmcted (“blocked”) by
The sol der,

Hiities codtig. 25 excdting IRfarm, brsshic O 40 FEEKRyls heatino. the

s&ubhsraéwg e PRStd fdttr Halge Ml sEIR- | Ges-] anhadiliggid-tight
surfaces of the conponent |ayers or can also be

selgptrfl/begedibarddolas! s of the microchannels in the
conmponent layers. In the latter case, the conposition
of the internetallic phases that form when the

Psot tteforimiray thegmotiifenctiahalnedrtier cwtirtgsamatl"@cscddedfuming coating,

tr‘alr}%é t&aig@ﬂ%ﬁrsic Iso ot agﬁé&ros%%mo Qstance

thES ddte At & 94 ﬂé@r‘é‘e\&@@l aﬁbe,@emeaasf durfe d;@de;mmmsmm@ a zinc
the nultifunctional barrier coating and then w

t he
mestiart (Zincate Wealeritiaggnt)nee %@%b@&%ﬁé@@%’a%y semprlses a highly

alRbf#h€%inc hydroxide solution. Then the barrier coating is applied in the manner
described in the foregoing. If a noble metal is to be deposited on the
multifunctional barrier coating as the higher-melting component of the
solder/brazing coating, a thin coating of a noble metal must first be deposited from
a solution containing complexing agent, particularly preferred a thin coating of the
noble metal that will later be deposited as solder/brazing component, in order to
improve its adhesion and to avoid mordant deposits (cementative deposits). Then
the solder/brazing coating is deposited as described in the foregoing. Preferably

thelhigh-melting solder/brazing components are used first, for instance copper,
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for long periods of tinme without worrying that the
base material surfaces would corrode and that then

wo b@g/oeoas d not be brazed without using flux. FCOIEPIV03/011657

flux is 5 needed during sol dering/brazing. The
sol der/brazing coating and in2particular the
mul tifunctional barrier coating prevent tarnishing of

the base netal surfaces so that
G Rip kel amﬂ/pr Bilverannd thep the lowinelting edmposentseangt ised, for

R 60 It ek FasBE bRl f‘f'y”%fCFZty'ePS of

different conp03|t|on by local (partial) and/or
el ectrol ess,

full-sugfac ctrol t|c
RS N R
éﬂé?rtﬁébhéfb‘hﬂfo%?aﬂﬂg ﬁ?é@l%g:]sltﬁ gﬁ% ? %w%tgﬁgllﬁgwsaumug the

sheets are placed o
igsestiusturesand éln@galvenmetaposthlencxﬁﬁqum’a@nal G(bﬂiﬂftgﬁ asdesmﬂbed in

I r/ ou ont
{8 KoRLORorHBL MR 6 sPaetiad ot et BB H ndessBR non-
dtrustuwreld @tbs).:rémheéf@&hbﬁéléb favS @add Ad rddMreseinddi@rs for the fluid,
uni form, ssyre on the stack while heating, the 15
heipg di ﬂ?‘é?j iohdn Mutidples Panels wawm lasminglieg gxsiemsy(laminating

pﬁf@ééé?;‘ e.JaRMV 399 fldnfl N/ia%chi'ngﬁfﬂbnﬁ?_&%ﬁe?@%’rﬁl?ﬁ@@obk@ Germany),

formns. rior to formn I onal barr

ceodhe ugpdingt ahe ab'eda‘dteemicaledng thmatann@acturtelm‘ maktllaayer PC
pre-treate

TR O i, The B3 3utd o BotloRa Epar oty Bhob . dfa 1

rda@b@wftld acdubign eanedndk mEss-pEARILRSHALSH. thEebe é&bﬂﬁm@hed using
a zin m)rdanéérgm ncate treatnent agent) can al so

tve anRg angsscRivgHriviesand instad ethddeal i ne zi nc

h’y'drOX| de solution. Then the barrier coating is
applied in the manner described in the foregoing. If
T@%B@f@é@@ﬂs fos attypipel laepading eystem gheerally comprise two plates,

h h
AL 0 o Bk S SR el RSP R hae
cermhmsggrdph&en?tbdi eompbe:ltesm&étalfplew‘s ij/dﬁgf:tariiﬁiﬁga{tié@ ahd/or
n contal nin exin en
SR B AT e b RIS Stmasriga s RERa ikl and ihe ofher
ohattRé téjeclasnrsidr etk ??es%ia#éjsgséé}éﬁé' Bt Bf&%gﬁé‘bbatéé‘must

order to _inprove i hesion and to avoi d nordant
ahsplyisly §anif¥ e requiresnerd s siegkgibleTyoke forrmation in order to ensure

P o S Kok R R o g et timg

sol der/braz| ng conponents are used first, for instance
PR thV\l%0 05/ 002773 usec{ EP2003/ 011657 20

om plate and as pressure cushions are preferably high
temperature-proof ceramic fiber papers as ceramic fleece in a thickness of
approximately 1 — 10 mm, preferably 2 — 4 mm. This compensates for a potential
difference in height between the components and provides uniform pressure
distribution. Then an intermediate plate, preferably made of graphite, ceramic,
steel, or composite, that has sufficient flectional strength, pressure stability, and
heat conductivity, in a thickness of 1 — 30 mm, preferably 10 — 20 mm, is placed on

the ceramic fiber paper in order to prevent it from bonding to the metal
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gol d, nickel, and/or silver, and then the [ow nelting

conponents are used, for instance tin and/or indium
w@e@so0027m3 snut h. In one preferred enbodi mnent oPCT/EB2003/011657

nmet hod according to the present invention, 5 after

the photolithographic process2$tep, the chemi cal

etching for producing the mcrostructure, and t he

gal vani ¢ deposition of functional coatings

CRaaRonedy [he C@rﬁeowﬁégwﬁgzre stagkef mnﬁget"hfer@ﬁé@&e plate, either

lﬁBi@fd&aﬂ?%’r BF o PN [??]fll%ls r\FFo‘?@%EI‘ (?,%n gomponents are fo be

structu osure SO0 have
joedrat the Bﬁﬂ‘@ttﬂhe Sfemketi hmjlfnkiualdi,{ or inenaigiplenpinalsluhk foils are

SRl 308 Y PR 3 RS St tvers.
Maschi nenf abri k Lauffer GrbH & Co. KG Germany), can

be used that are already enployed in the manufacture
lgfthengpee pgwm@@ldl‘ﬂggalﬁacks@ihe asetraf éhe ingividual foils is minimized

BWPI fl%%t o s%e% al P%gggt?étﬁfnt ?]pac?arggﬁt %HP%SW‘S&E% e egmg)'lates The

reactors w't
repisératien appargtlis, srlaer.‘ttraﬂoml gmsaor:tmizp!efe‘eqm’eferablamd)mpnse a
tested nethod. 15 The press

f{q%fﬁsr@%%gg%dqwg‘g? SR TP PIRING LRI ERETE| Shd metal, the
SKOMREI ST VHIIWisbHtes wnth|ef|‘ﬁ/:§15;§opﬁétef&b{e‘é:tl(7§@8a%gt| E})referably with a
materi al selected fromth ehgrou risin

Rietastive seragnigsioptiag. Hirihelg @fsiihtee@glswetrem appataées reglstratlon
pﬁﬁ‘g/ d?rteﬁ]? ﬁ&fg% 8h8ul8tb%510%5j{r%[nhthgrs?%uo&efo éq-tig\ﬁe r ﬁli'§9go

I npar one mp ate an
puisisinie RDpavild d:mreamndir@sdumfewom heth@rtmmlate and cover plate,

t t I I :
BEER Ry e SRR EReidastorfeghglian ente skiseipmyabove and
Helowy. 4%her Qsﬁ@&ﬁﬁlﬁplepééﬁ&é ;ﬁéfé?étblggnéélfcﬁrafﬁ?@ﬁn'fé@ﬁ registration pins

appl yi ng pressure Pl'aced on the bottom pl ate and used

28 b wsedfordbismuspesea PsoYided By tisl Sirustying process in the edge area
BRSPS ohaha FoEo AT NER P AR ERY F oon be
lmeﬁ@i abthetz\ mmdmnm off$etdn trenpempanards fcan be gesueed mdth minimum

fferen etween the ¢ e
ek el iise, e BdisCRI AT SHs o pERtERAY st Hgiont than the
dnlfﬂ'@ bﬁ@@bﬁél@t Ho@\i@er hefpanaly saraide hele $traphirbifeatures,
ramc, or conposite, that has sufficient

WP%@W ﬁathes,@qi%@m Ofﬁhewmpeneﬂblﬁyer&, Jhatdaeilitate puter
r:éiglgf}%lg%r‘u \l;érr{;y istsérﬂ? 2, eé;e%%?* uREhéd deércefsiggﬂgrs Rh&f ﬁr’e@@ht\’the

indididuat layplrse‘o@ntbalng ﬁffs&hvhfmdstgglieacg] After thesald?arl(relg/brazmg
process, the component layers are individualized from the multiple panels, e.g., by
cutting, milling, punching, lasering. Placed on the panels or on the foils stacked in
the registration apparatus is a graphite platter and ceramic fiber paper that form

the closure to the upper pressure plate.

The stack of solder/brazing-coated and/or microstructured component layers
(sheets or multiple panels) is then joined using heat and pressure in the vacuum or

in an inert gas atmosphere. Preferred conditions for the soldering/brazing process
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WO 2005/ 002773 PCT/ EP2003/ 011657 21 conponents. The

conponent |ayers are stacked on the internedi ate
w@b@bsop27es t her individually or preferably in PUI/EPO®011657

panels. If foils of several conponents are to be

joined at the sane tine stack2d individually or in

multiple panels, the foils are separated from one

anot her for instance by graphite internedi ate |ayer

age |spldanipgdygaineftemprrRthees frnvituaPUe CaaRd 2 ArRESYer&iger which
tRE SHE%I i I'E)?jéé’ e‘ijjutﬁl atfléﬁét%) 1 ﬁ/lFrQ RisPL&SAYy apDéatsﬂ? 5%Paof’xddlt|onal

speci I'stration apparatus, registration pins,
mn@mrﬂaat paranTéters ﬁoemesismldemmgfbazfmag prtogess pegythet wr@SB@ﬁe in the
referabl

i8Rt ke ol erg e cepr ey N apfs BBk B ime) and

calfingehdd. THrdliasdf bafnatbradme hd tﬁldkﬂ@é@df’dﬂlet .hdmmual partial
;}9? ropriate protective coating, preferably

réyering coatings 8s asdliasige PrRgsUTBIGgAtLn @ﬁrttq%ar be Cadjusted to
c{o@%ﬂpfﬂ{eﬁl&ﬁe&ﬁx 3@8@@%#{% for é Eﬁ tﬂi] (t'iel?lkr'éi%ng?éeﬁm Longer
Hekmm;z;@md ¢doling phlases apdsmgﬂreempepngwms azov cassedhdiaigments in
tgé %ramesé gPaéxag cg% tlggcgﬁg%n gpge? \érftp g?:lp%}g%gmermﬁrﬁt%e other
HErde hd fnfperiPiirfealibclad bah 8¥useMi6 RoREbINEeAbd hRd Guantity of

anel's, preferably metal or non-netal registration
ge nrﬁermataumephaﬁ@g thaldormiin $heselgedkrazinassarad! e types of

ll%iteﬁ'llill%&éhrl& éﬁa@ésoﬁﬁﬁ?allg%eﬁ)%ﬁg ‘?ﬂ%ggﬁ:ﬁ?ﬁ an% ettfgfesoéﬂ%kateﬂ‘é th the

responti ng recesses regl s on pins
s@&i‘erkt&azmgsmatmg imcortehpdeferred emmmméritsﬂﬁhe imvehton, the
en s can be.as i

COPRBRIR 1oy Sro i t s aneter U nE g ladsr g § 36 Bympthod

delledi8l @om EH@@OMEQn&Qdiﬁ@tHéaﬁng AMBURAMhg. RigwERfating kéd cooling
panel s can alSo have structural features prefer tkg‘l

methodle shalj deainsersiood fie bednpibrenin Whicsrthe sprgg is in
e.g., Sstanped, etched,

rfe"i'ﬁﬁltdnr@ﬁbg ogg{pdr?gst@%g?s 19%6%59@}nevent the individual

Iayers from bei ng of fset when stacked. After the

sol [ brazin 0 C ne

G ARG 5 TRl SR SBoPAIRRE Pgh U o650 ane
Adthema, mfﬁthhhﬂ;ﬁkes@&k‘éféhmlm bk @sertbd e aminFord dts’mblht&)n on the

panel s or on the foils stacked in thef{;ﬁ?gs”aé?( fh
sé@@@rf@twq'@edaa@ Adunctian ofl tamperatyrriare jckness of the
s%?c?%?‘?br%gﬁ'ltg dRRY Jr Mt QBIeP/bF it BoRRA! IrPAE8iIBYR %o improving
the contact of the surfaces to be joined and therefore to accelerating interdiffusion
and formation of the intermetallic phases, brittle phase formation and distribution
can be favorably influenced by the pressure or avoided altogether. Avoiding or
distributing the brittle phases is crucial for later strength and corrosion-resistance.
In general pressures of less than 0.1 MPa during the soldering/brazing process

yield only inadequate strengths and pressure stabilities.

Depending on the composition of the solder/brazing coating, the soldering/brazing
temperature is in the range of 100 — 600°C. The heating rate must be selected
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The stack of sol der/brazi ng-coated and/ or
m crostructured conponent |ayers 30 (sheets or

worziosiopd7e3 panel s) is then joined using heat aneBCT/EP2003/011657
pressure in the vacuumor in an inert gas atnosphere.
Preferred conditions for the 2®l dering/ brazing process
WO 2005/ 002773 PCT/ EP2003/ 011657 22 are
sol dering/ brazing tenperatures from 100 - 600C and a

Syplééﬂé.%tr@ hedaie hane the Wfé'eéﬁ%tmg @arprmécu syifficignt|asthesion with
tr?%%gr tgﬁzﬁ’le@ eyotﬁé or bnt2r i $4188Arazin

par anet ers € SO |ng razi ng process
carm)driaaetqom&sﬂw ethencoéiings mjrmg@zﬁmganai;’mmt Idachtd depletion of the

t enperature hol d dur ion (te r|n ti and. 5
BRI RHeReT B thh Sopne@isnoa het Mg HoRAbags ol R ey SLificient
Shgh?kness of the individual parti al solder/brazing -

coafings as well as the pressure can in particul ar be
adjusted to control the internetallic phase formation

il p¥erm SBIEPLRENNE O8N 180050 ol SieP B, post retiable
sbhieriegfrering bomd it fiernped ini tls Stateif dinazdtrm intatiatglic phase

i ffuse m)relnoone anot her. On the qther ,
“ﬁfg‘ﬁge ORI {5 PRass) ppgmsarerably iea ‘é,@anlt%%eaphase an

lrﬁ@ﬂﬁé@lhctﬂ}%sby\ﬁ?ﬁh e B@éltl%% / %E g‘ﬁhéég )&r8%brAtdd. C

phases that formin t sol g seam The types
internmetal lic phases naturally depend in

solrfé &ymg @P%tagg e%%ﬁﬁ)‘cfeﬁo%renﬁée@dp\}%eé@ é ngh rPS/ ealt'?r%nt of

the invention, the conponent |ayers are jOIned to one

AR R U e O R—
ah@ﬁﬁt‘eﬁﬁeﬁd’ﬂ% \Aﬁ%&és”&f th@%‘aﬁ?ﬂ%o&i@/b?aﬁﬁg HBQM%.‘ &Pd Hale kl’ﬁ’atenal in

nmet hods in he speed is I n the ™ nei ghbor hood of
forsrsdepsdrigs. #adedds/nin. In order to achieve a
uniform full-surface bond of the individual sheets to
one 20 another, a mninmm pressure should be exerted
Examgleitt form di stri bution on the stacks to be joined
as a function of tenperature and the coating thickness
of the solder/brazing coating or partia

oRhi¥e ik aszmgg s%@@{sl Wefe plovicRediih aowlchahABIk®Y iRthgirid'g flow
contact of e surfaces to be joined and therefore to

chanee! aadiermgnithe shepts isineans ghaheleliheoranhyofusingea photoresist

cHeE A R AR o Y S Y e R g8 ging. These

netiesd stepsaareavell Kealvairt thgedrher . Av0| d| ng or

Before functional coatings were applied to the walls of the flow channels, the
sheets were cleaned and pre-treated. For this, the sheets, including cover sheet

and bottom sheet, were:

1. Degreased (wetting agent containing alkaline solution; Uniclean 155,
3 wt.%, trade mark of Atotech Deutschland, Germany);

1a. Rinsed;
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distributing the brittle phases is crucial for |ater

strength and corrosion-resi stance. |n general
wee@ssmes of |ess than 0.1 MPa during the PCT/EP2003/011657

sol dering/brazing process yield only inadequate

strengths and pressure stabilp4ies. 30 Dependi ng on

the conposition of the solder/brazing coating, the

sol dering/ brazing tenperature is in the range of 100

- 60@CPi (asid picller AlumBtdS, edeehark efditoi@ch Deutschland);

2005/2%0%773% PCT/ EP2003/ 011657 23 such that on the one

hand “The rbaldl’i er coating can react for sufficient

adhesi Treated Wvitht dginbagecamingr(highly SRalife solutien diamd, hydroxide;

interdiffusion of the solder/brazing conponents into

the ot W%@%&@%é@a’mm% Pttty Radtschighd)iead to

depl el pthly the fusible phase, with the consequence

that the bond does not achieve sufficient 5 strength.

One preferred sol der/brazing coating is forned from

RhineeluBRtohbh 2, fahnd Jebdie PerimPne ¥ i Res oy

internetailic phase wth the conposition Ag3Sn (E
phase) and preferably in addition to the E phase an 10
After thedipgis coaiRg wasiormednsifeamiye $ie barienggsfing and the

sBIREBIa gfcg)gﬁr&e‘g?re %%gogi@h'- pigql, ﬂﬁ?’“ gure and exanpl es

are use 0 ex n I nven "Fig. 1is a
schematic illustration of the formation of a

ok Gk s Apost B (b iRl shror AR PSS ffigkndss 5 um
bas gnickeesulRImat8 batiwfronsARRScH Pefitschiardi)iand d) .
e 1. 20 0.3-mmthick Al Mg3 sheets were provided

Exa

w‘{equ—ﬂeoiﬂ%ﬁ%w&é‘? §N$85d.i magi ng a fl ow channel pattern

on the sheets by neans of photolithography (using a

Ehotor esist coated on the sheets) and then by form ng
Thaeaickehnaaling aslsay aleeiitifenciiinay bafferseatingt Hoeh stteipscoating of

Sl AR ER T oormadiord iy SBRESHROGpntaining sitver

comprexeFsr tiste sheets were cl eaned and pre-treated.
For this, the sheets, including cover sheet and
bott om sheet, were: 1. Degreased (wetting agent

CHNFRELiI06r WhE AepBSitetPldyi 41880l plaBRp), YRiekness < 1 uym (Silber
Trisalyt, trade mark of Atotech Deutschland); and

5a. The sheets were rinsed.
Then the solder/brazing coating was formed. For this:
6. Silver was deposited (by electrolytic plating), thickness 7 pm (AgO-56, trade
mark of Atotech Deutschland); and

6a. The sheets were rinsed.

Silver acts as a high-melting partial solder/brazing coating. Then the low-melting
partial solder/brazing coating was deposited. For this:
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30 3 wt.% trade mark of Atotech Deutschl and,
Germany); 1 a. Rinsed; WD 2005/002773

weONsB2003/ 011657 24 2. Pickled (acid pickl ePCT/EP2003/011657
Al untt chS, trade mark of Atotech Deutschland); 2a.
Rinsed; 3. Treated with a zim@ate coating (highly
al kal i ne solution of zinc hydroxide; Al unSeal 650,
trade mark of Atotech Deutschland); 5 3a. Rinsed.
Pre-treatnent steps 2, 2a, 3, and 3a were perforned

; \3‘( FT\: vels ?%ﬁ(?ﬁf\%h%{)%e@g&rg[w& :E)?%tg{. Ceps &n‘égé?h@gmv‘%ﬁilfotech ™,

arri
sol dmnoiebmk ogAtuiad:h D@utwhlendggpoa ted For this: 4.

Ni gke{:@éa eposi ted é eI ectroless or electrolytic
pI B Hi SNEFIr WaTeSEs] p¥ﬂ (ni ckel sul famate bath from
P eshedeut schl and); and 4a. The sheets were rinsed.

15 The ni ckel coating acts as a nultifunctional
barrier coating. Then a thin coating of silver was

THEART s epOE iRed D SERHEsRPy T TBE cBaftef e fiere
smedﬁp@slem%Kmﬁs§bﬁl¢?r: lgd(jjl)éidﬁglrljﬁbglpre;te%atbly ini thknesiépte danels. A

pm (Silber Trisalyt. .
SB&%@@H}%&W}@ il 540 °& oLl & hatigorriedd K nge
/ I
B e A B RS e B LAIGS [ P i As Satter
3D|rrmmﬁ@$ dheg smk(m@ﬂed inegtieely mhing copling poagshwas 90 minutes

R PPRE o P P Peer R Sh I SR HIARY s g soidering

peoaddsng. Then the lownelting partial solder/ bra2| ng
coati ng was deposited. For this:
Fig. 1 schematically illustrates the coating sequences on the base material in the

individual phases of the manufacturing process:

As can be seen in Fig. 1a, a barrier coating made of Ni has been formed on the
aluminum base material (AIMg3), a high-melting partial solder/brazing coating
made of silver has been formed upon each of these, and finally a low-melting
partial solder/brazing coating made of tin has been formed upon each of these.
Fig. 1b illustrates the form of the stack prior fo the beginning of the
soldering/brazing process. The individual coatings are still present. The progress
of the interdiffusion of the partial solder/brazing coatings into one another can be
seen in Fig. 1c: While the barrier coatings are completely present on the aluminum
base materials, partial interdiffusion of the partial solder/brazing coatings has
already begun, with a central intermetallic AgxSny phase forming. A portion of the
high-melting partial solder/brazing coating and a portion of the low-melting partial
solder/brazing coating are still present. Fig. 1d schematically illustrates the
conclusion of the interdiffusion after the soldering process has been performed:

Both partial solder/brazing coatings have completely disappeared in the diffusion.
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WO 2005/ 002773 PCT/ EP2003/ 011657 25 7. Tin was
deposited (by electrolytic plating), thickness 2.5 pm
w@ 3wshatrexh TM  trade mark of Atotech Deut schPErEP2003/011657
7a. The sheets were rinsed; and 5 7b. Dried. The
sheets were each rinsed wth2dei oni zed water. The
coated sheets were stacked in a |lam nar press either
individually or preferably in the multiple panels. A
sol dering tenperature of 330 C was set at a heating

te .qf. M ' chi ri ; ;
ThE el Chdrpa o B PUREE oA ERdelimiged vith
SHMYEDRS (scahfingt élektravamicrost e/ émergdispersivenéerayainidng
phase was 90 m nutes | ong- A pressuyre_of,_4.5 a was
coResraulegPimeriy e die tpririalin 8nans AiceSa4F &QP??E
process. 15 Fig. | schematically illustrates the
coati ng sequences on the base material in the
Exadiplé dual phases of the manufacturing process: As can
be seen in Fig. la, a barrier coating nmade of N has
been formed on the alum num base material (A My3), a

018 @im-ratk CogsHetd vate BRIVitRYd Wit Aibwashemakl gy ird@ging deflow
of silver has been formed upon_ each of th(?]s),{

: d .
chang! pptigm endhe sheely Yydperas oseneieliinosan Saf&ggi/ fhey forming
tHF%%ﬂelljés {J?ﬁg? ggeepﬁege?@gfa%ﬁﬁ ESBRbIE é}?Eeﬂfr_e fl]ﬁ?tg)ntarl] gbﬁtmgs were

m of the 'stack prior
applipchtu the vedlist dfghe Slowdehannglsh the singetp maresieargsband pre-treated,

indi.vidual cpatin are still  present p ess

FgF ﬂl'ﬁetﬂ? gﬁgﬁ’ frfql}gcﬁrég] CBYert%eﬁgpﬁﬁ)glﬁogng%?tl [’J\}réaz'i ng
coatings into one another can be 25 seen in Fig. lc:
Wiil e the barrier coatings are Cﬁ Ietel%/_ $_r$se[g§ Oﬂ_)s 3
t he Regararsem{Welling agenbeopRING alkaling seltiapyPiciiaNohr:
of tfeypartial solder/brazing coatings has already

begun, With a central internetallic Ag,,Sny phase
f otaviRigsedy portion of the high-nmelting partial

" e ekon RASHED GRHAT e ARt ool DButsehtanay;
pres@Rihsedi 9. 1 d schematically illustrates the 30

et oA popRASs (AING BT R 2o, a8 stk S Motech

sol tBERZH coati ngs have conpletely disappeared in
t heq%dl';‘é ? us?oﬁg
3a. Rinsed;
4. Microetched (pickling, acid; Uniclean 697, trade mark of Atotech
Deutschland);

4a. Rinsed.

Then the barrier coating and the solder/brazing coating were deposited. For this:

5. Nickel was deposited (by electroless or electrolytic plating), thickness 5 um
(nickel sulfamate bath, Atotech Deutschiand); and

5a. The sheets were rinsed.
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WD 2005/ 002773 PCT/ EP2003/ 011657 26 The

stoichionetric conposition of the individual coatings
wor®sader7es mi ned with SEM EDX (scanni ng el ect rB@I/EP2003/011657

m croscopy/ ener gy-di spersive X-ray) and corresponded

primarily to the internetal li27phase Ag5Sn (i; phase).

5 Exanpl e 2: O 3 mmthick Cu sheets were provided with

fl ow channel s | magi nlg a flow channel pattern on

threnigkglgaat 169 a%acmu fimchonalhsgientsatingd Theniaidin coating of
JII%IW/VBE deﬂaggﬁc%lg WBSH‘@ Bﬁ?(&#@ﬁ%rﬂa@&r@%ﬁ@%@% ining silver

Exanpl e nctiona I Ngs "Wer e ‘app
admeplerl For tois:t he fl ow channel s, the sheets were
cl eaned and pre-treated. For this, the sheets,
i ncludi ng cover sheet and bottom sheet, were: 1.

Degr passifl e WRid dié}iibsﬁ@é %)6 eré%tralyﬁb g%tmd} aﬂhidkﬁe%? I<U1 pﬁﬂ(snber
Uni cl ean 155, 3 nsed .
(aci Grisal)canghn 675 trade mar k of Atot ech

Degt SE sed 3. Electrolytically
deg%ease %étﬁ% ?rgle ni cl ean 279, trade mark of

At otech 20 Deutschl and); 3a Ri nsed; 4. M croetched

lin cid: Uni Iean de mark of Atotech
1%9@5 g#ﬁi&’raﬁ'gg CQ? g%&/_as Eﬁwé? iPrttRE" barri er coating
and the sol der/brazing coating were deposited. For

this: 5. N ckel was de ositedsjiay el ectrol ess or
el &cPiheIryeascdenasite gy etastrokiie piatmigdnthigkniesk d0 um (AgO-56); and

Sui’é&ﬁ?égh@@tmver@‘#ﬂ%g%h Deut schl and); and 30 5a. The

sheets were nséed 2005/ 002773 PCT/ EP2003/ 011657

Silver acts as a high-melting partial solder/brazing coating. Then the low-melting

partial solder/brazing coating was deposited. For this:

8. Tin was deposited (by electrolytic plating), thickness 3 ym (Sulfotech
T™); |

8a. The sheets were rinsed; and

8b. Dried.

The sheets were each rinsed with deionized water.

The coated sheets were stacked in a laminar press either individually or preferably
in the multiple panels. Then the following series of tests for manufacturing
- components with the same design but with different quality properties was

performed:

a) A soldering temperature of 250°C was set at a heating rate of 7 K/min
and cooling began after the soldering temperature was achieved, with no

holding period. The stack was not actively cooled. The duration of the
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27 The nickel coating acts as a nultifunctional
barrier coating. Then a thin coating of silver was

walepssir7esl on the barrier coating from an el ece€DER1083/011657

containing silver conplex. For this: 5 6. Pre-silver

was deposited (by electrolytig28plating), thickness <1

pm (Silber Trisalyt); and 6a. The sheets were rinsed.

Then the sol der/brazing coating was formed. For this:

10 7. SFeelg pRaseosasabpiey. fByniel Adqressuseiof 48} MHanyps exerted

Lo ) AR by e e

rinsed. 'ver parti al

sol der/brazing coating. Then- the-lowmmelting 15

partial _sol der/brazing coating was deposi.ted. For .

this: sTﬁ?iCH"W&@eB %%r tﬁa PEPSITe Siapiiitiesif dpweiguality and a
thi cknegsnhigirdjett ragd M EMes RIAREHIn RS Besign used
rinsed; arr%,gq@% '8b. Drﬁ}?c??) The Céﬁi%‘%“s were each Ti ngselg u ©

wi t h delrohiszexpnpieend Witie adodiostplatetickness of dtraokwith an inner

in alap ) |t Lndividaal |y or preferably

2 i s RERbPaE rahddBlo B B perBhaRRE T IR o

Sf t est soltier/ bnmﬁnbg‘ ﬁ‘etml Waf@etéllt?mﬁ@ﬁ enitrsS BV/BDXend demonstrated
esign but with different quality properties was .
per f or njglﬂt thg highypeliegiang the ﬁ%m@ﬁ% paftiap selder{Riazirg coatings

at a he\%'ké‘gul @étrﬁaiﬁfstiﬁ Bt i thendlidieglibitgs began
after the soldering tenperature was achieved, with no
hol di ng period. The stack was not actively cool ed. The

dur at,j\oR 0f ,t VWO 2005/ 0 CT/ EP2003/ Q11657. 2

cool g EESTRte S OEER 0 Wb afed e Bpdupcefite o

I\/Pla was7 édeiirt. edhcepattdihed sthe alolddingrgnipeeatard wae maintained for

sol derl 56 nﬂﬁ&%g.s The stack was not actively cooled. The duration of the
cooling phase was approx. 60 minutes. A pressure of 4.5 MPa was

exerted on the stack during the entire soldering process.

The components, wfth a design identical to that in trial a) and with a
bottom plate thickness of 1 mm, leaked at an inner pressure in the range
of 10 to 15 bar. The composition of the solder/brazing seam was
determined with SEM/EDX and demonstrated that in addition to the
high-melting and the low-melting partial solder/brazing coatings, the’
phase of the composition AgsSn (e phase) had formed.

c) Components that had been joined in accordance with trial a) were
thermally post-treated in an oven for 30 minutes at a temperature of

330°C without pressure being exerted on the components.

In the subsequent burst test, the components leaked at an inner
pressure of approximately 30 bar. The composition of the solder/brazing
seam was determined with SEM/EDX and demonstrated that in addition
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and t helq Big hightelng apdithe loyomedindpaiphsP

The conponents denonstrated pressure stabilities of
lower quality and a 5 very high reject rate (80%.

wab@so@rpbnent s | eaked in the design used in PET/BP2003/011657

exanple and with a bottomplate thickness of 1 nmwth

an inner pressure in the rang@ of 0 to 2 bar. The

conposition of the sol der/brazing seam was determ ned

with SEM EDX and denonstrated that the hi g]h nmel ting
g@rélpraﬁgg coatings,

10 were €

forms, - Bahas SR EhcshRgth %“P*%E%Eéa%@"% A

at a heaoinpgsitianA®mBn{{ Khase). hathivematt ai ned, t he

sol dering tenperature was nai ntained for 30 m nutes.

The stack was not actively cooled. Th_e. duration of

the 1B poglidéith r&@fﬁe BPBEOPC We8 dMaiiécest a Reating rate of
pressure of 4. exerted on the stack during

the ent N@n%ﬁaéraﬂi@gtqﬁ%@%r@g teeperBivse wasn aftaingd ﬁ09“n9 took
desi gn {jc\%@tvln hoﬁwBloﬁi}fﬁ?‘obnTﬁé %F’eick a?ﬂgtt%tﬁlglfcooled. The

bott om | ckne
pressur duwahnohfufthangelmmasfe viés apprt. Bamindites. A pressure of

i U SEERR AN BESORLOP 4% GoERAITA AN Erecr g i erocess.

hi gh-nelting and the [ow nelting parti al
sol der/brazing coatings, the phase of the conposition
Ag3Sn (Ehpﬁaguaonﬁats méthreedesign idgnticahisdhahindriahaanshlaving a

b

tﬁzpnjaﬂ)y posqfa%r eai(ﬁ%g:(ﬁf an\}é%k% rna%Svﬁfb eguent l%urstlng test
t enper aauare irofer pBSAravirt ihmuange eﬁ§u060bmrn@he)cenmdltm of the
the co e I n the su uent bur s

componentBeTbEAng sears AR pTages AL bX At demonstrated

appr oxi it & ¥ddifloR & thelhigh $OEBRS bhil ARe Mw-h{aeunlg&amal
sol der/bra2|ng seam was determ ned with SEM and

denonst $Rlfedbiariig ¢entingsithe phaseobhesramuposition AgsSn (e phase)
PCT/ EP2QQ3kiHip7 29 to the high-melting and the
low-nelting partial solder/brazing coatings, the

phase of the conposition Ag3Sn (c phase) and the phase

of h? céR o%sé'n | gt ﬁgg ggerq Toigg Tc’nec):lcc%a}gar];coer v@ﬁg trial c) were post-
treated in an oven for 30 minutes at a temperature of 330°C without

pressure being exerted on the components.

The components leaked in the subsequent burst test at an inner
pressure in the range of 35 to 40 bar. The composition of the
solder/brazing seam was determined with SEM/EDX. Analysis
demonstrated that in addition to the high-melting and the low-melting
partial solder/brazing coatings the phase of the composition AgzSn

(e phase) and the phase of the composition AgsSn (£ phase) had been

formed.
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5 d) A soldering tenperature of 330C was attained at a
heating rate of 7 K/mn and after the sol dering

W@ e0vpedariire was attai ned cooling took place RET/RP2903/011657

hol ding time. The stack was not actively cool ed. The
duration of the cooling phasesgvas approx. 90 m nutes.
A pressure of 4.5 MPa was exerted on the stack during
‘the entire soldering process. 10 The conponents, W th
a de§i goormpentnts dhatthad been joinad insdccaydanee witfyirie chwere

subseqUBR BT aeLl eV RER e bUF temperatire of

range @305Ct whdfethaa prddstirs enpGsiPaataéxdrter on the components
sol der / br azi ng seam was determ ned wi th SEM EDX and

denmonstdugingdhe eptigamperingd®iqdbon to the hi gh-nel ting

and the lownelting partial sol der/brazing coatings

t he phase of the conposition Ag3Sn (E phase) had

f or med. T ccoppoergs tdsd nbtalleahadthmmbqequaeﬂbmrﬁt test up to an inner

accordance Wt wer e ost

oven f&ewrﬁiogﬁbetﬁara?ﬁécpmé on %150@53% '#918% was
pressurdaib@hingd ey SEN/EDX heafedstabhstratddehat the phases of
components | eaked in the subsequent burst test at

an
i nner thesovnasition AgeSr @@@S@a ang prigragty B@rconmfés'flon AgsSn
conposi ol der/ brazi ng seam was
determ(ggggsgiwg%é[s? Anal ysis denonstrated that
in addition to the high-nelting and the [ ow nelting
artlal so| der/ I,ng coatj.ngs the se of the . ;
eﬁ%a%wﬁ S GHeepsints dhonte B orne B Betnn Hifieringibrazing
irkl RaBER réim BOasRh, AAd urefrD’tel’r’fmé.offﬂﬁ)e Y@rst-
20 5/002773 PCT7 EP2003/ 011657 3 Conponent st

repigtapee Af the migostilciBesEReRENF1 Tth abgp te)v%%op’f%te burst
{&%ﬁ@é %Pé ﬂﬂgﬁ@/ &éé)%g\égqm sQUERd si ugffpat% ﬂﬂf gﬁc@bséi of the

enperatureo yapress e of
batismeplate @t can thmreﬁmemnem sompared between components of identical
design under identical conditions. Overall, however, the trials demonstrate that for
instance the processing time at a temperature of 330 °C can be substantially
shortened and the burst-resistance can be substantially increased by a

subsequent tempering step without additional pressure.

In the examples this increase in burst-resistance is directly linked to the
strengthened formation of the intermetallic phase that is more enriched with silver
and to the mixed crystal. A further increase in burst-resistance can be obtained by
increasing the silver coating thickness, holding duration, processing

temperature(s), and pressure.

The method described herein can be used to intentionally obtain the product

properties as a function of process costs.

The invention is explained in greater.detail in the following. Specifically,
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during the entire tenpering period. 5 The conponents
did not leak in the subsequent burst test up to an

WO p0vs0027pF essure of 60 bar. The conposition of PETEP2003/011657

sol der/brazing seamwas determ ned with SEM EDX

Anal ysi s denonstrated that th&lphases of the
conposition Ag3Sn (s phase) and primarily the
conposition AghSn 10 phase) were formed. These
results denonstrate the qualitative connection between

Fgg' sleringf gé ha¥t crbSIREERIAYI ﬂ!usgrgltigﬁrgif %%o%%g?@razing structure

'ratlon,. nd pressure I'n terns urst -
resi st amgth rofcredirichirercostpanenis;e conponents.. The

sglute val.ues of. the byrs 5 pressures are_highl .
P ache St obdini i lrafigh BE AR ol Grstnture vitn
t he bomi@msgumueegaﬂp@agngsper efore only be conpared
bet ween conponents of identical design under

Figedit i cigla sehimaticrress-epelianal sideoslevation pha ternplate for registering
denonst Hﬂ{:r%s{rt]%r%%mgbﬂéﬁ@nce the processing tine at
0

a tenperature can be substantially shortened
Fagudd:t heislzusctemati topafme of arcobgp@iens amtritavithymicrostructure
i ncreased by a . 20 subsequent tenpering step w thout
addi ti ofidMPOPESSeare. In the exanples this increase in

Fglr st - riesd sérrmeatid ©pdidve of bitemiplttth bSirst¥mbodiment;
strengt hened formation of the intermetallic phase that
Fig. 6mr dsensehaneatiodopryiew pf atemptade i atsegont esapodiment;
yest-al ; o j - i&f.ance can be
P Y3 bR AR BRS d dotdl il G 400
Fidni Tk neis s sdimnthticgod wiew oba, myltipleassieh gvith registration bores;
t enperature(s and pressure. .Th thod descrihed .
P & A SR ol SReui Shaeln st 3 deb el sangstruoture.
propert f&%oﬂfermg?ﬁrﬁﬁhg%ulﬂﬁle%éﬁé&s costs. 30 The
invention is explained in greater. detail in the
Fig §ywi 8@ sohsargtic ibustrafion\gorrespsndingreFig. 7a.
PCT/ EP2003/ 011657 -31 Fig. 2a: is a schematic

cross-sectional illustration of a sol dering/brazing
Fig.i2acilusizatesia ¢cross-sectian oica sokleciogfivazing structure with

microstructure components 3. The microcomponents 3 are registered via
registrétion pins 4 mounted in the bottom plate 6. Pressure is applied via pressure
tools 1, pressure cushions 2 compensating heights between the individual
microcomponents 3, thus enabling uniform pressure distribution. Fig. 2b is a top-
view of the soldering/brazing structure. It can be seen that the registration pins 4
are mounted on the bottom plate 6. The microcomponents are labeled with the

reference number 3.

Fig. 3 is a cross-sectional side elevation of a template 7 for registering
microstructure components 3. The microstructure components 3 are separated
from one another in the template 7 by intermediate plates 5. Pressure is applied
via pressure tools 1, pressure cushions 2 compensating heights between the

individual microcomponents 3, thus enabling uniform pressure distribution.



10

15

20

25

30

Fig. 2b: is a schematic top viewillustration of a
sol dering/ brazing structure with 5 mcrostructure

weowpoesm s; Fig. 3: is a schematic cross-sectPONAP2003/011657

side elevation of a tenplate for registering

m crostructure conponents; Fig2 4: is a schematic top
vi ew of a conponent nount with mcrostructure
conmponents; 10 Fig. 5: is a schematic top view of a
tenplate in a first enbodinent; Fig. 6a: is a

h . : 9
A Bicp VRt F aflboAehERBLAL fith MR T s compegensp 3. The
rderesttucturerodrngpnetits 3 Birg registered qiasdifisipedalsie rogistration apparatus

ool = Bt Breirarisaceraras 1) Adtaae Ecaniges fie registation
A5 oA 8B5S Ftﬁé‘?drgé of the]éeuf(l;%(rle nrggﬂ)ﬁﬁ‘fafﬁf ®rifd ows

mltiple panels; Fig. 8b: Is a's tic i stration
indicatesipertiieston i1 Whigh a7tensiingoracan besixeredongthe microstructure

- [ f .derin ragzin ructure with
SR8 roBsBAIAT b0 S =ls25 he 3 Sl el Py 10 for
regigtratiem.ed via 20 registration pins 4 nounted in the
bottom plate 6. Pressure is applied via pressure
tools 1, pressure cushions 2 conpensating heights
F§t BeLA téGiaw 8 ¥ tétHBibte W’ﬁﬁé’ﬁﬁ%gﬂﬁ&h?e gombBH%nts 3are
enabling uniformpressure distributron. Fig. 2bis a
registered gia tispeplivesiatatal pregsineglateg with sprtingse?11.1Thean

t reghstration ping 4. are nounted, 0
PROFEe IRl D B S RSBl Dieter P B tog tomplate 7
onl o dides.25 reference nunber 3. Fig. 3 is a
cross-sectional side elevation of a tenplate 7 for
regi stering mcrostructure conponents 3. The

FigCoR & & H-Vibd SIOTRARSREST S ﬁi&@@@ﬁ&hﬁéﬂc%@gteg%mg% are

another in the tenplate 7 by internediate .
registesed byingeaippdl @ oressute plape with wegistratiors sarevwpt 2 dhairie moved

AP R PPl I iR Hatk i aneriinip e tomplate

walless tineetamnsibitd Dohiteo.sidés. FIGBWR241Y 8nlarged illustration of the

RO dMaEle e agiialen s S 15 SiisrThe Set-seraw 12

(direction of rotation indicated by closed arrow) in detail. The microstructure
component 3 illustrated is pressed in the direction of the open arrow against the
opposing wall of the template 7 in order to align the individual component layers

with one another.

Fig. 7 is a top-view of a multiple panel 14 with registration bores 15. The multiple
panels 14 comprise a plurality of microstructure sheets 16 that are used to
manufacture microstructure components. In this case, the microstructure

components 16 are separated after soldering/brazing.

Fig. 8a is a cross-sectional side elevation of the soldering/brazing structure for

soldering/brazing multiple panels 14. The multiple panels 14 are registered using



m crostructure conponents 3 are registered via
di spl aceabl e registration apparatus 9 that are noved

WO r@smorranpi ng apparatus 10. A frane 8 gui desPCTIEP2003/011657
registration 5 apparatus 9 and absorbs the force of
t he cl anpi ng apparatus 10. Thggzarrows indicate the
direction in which a tension force can be exerted on
the mcrostructure conponents 3 by the registration
%ﬁﬁfmfbrtar@cgedmdgilstretim pimpidihat ppacatnestddtd intermediate plates 5.

THRORI biPirs ot Aot e SRsFia®todls ol pisrions 2

eheafeahifortn prdseud diBfribuGys. €F|?| 8b &S aMiillUstrEBbh R8Fredponding to Fig.
The mcrostructure conponents are pushed into the

8ge hprdpdltinia paneln 14 Ree f@@eeadebwregjﬁratm Ringddhat gre inserted
ﬂ'fﬂogllghQﬁe rSqitr&ith ¥oRY 14 in l&é RIRGAL ?aﬁe Tﬂfthab are illustrated in
m crostructure conponents are g|s ered

Fi. & pressure plate with registration screm113 that i's
noved via a set-screw 12. The microstructure

conponents 3 are pushed into the tenplate walls in

the tenplate 7 on two sides. Fig. 6b is an enl arged

illustration of the setting apparatus. It illustrates
ltigeindetpterd that dne sxampies3figires aneersleedismnésdescriled herein are

e

therestasl wiell asheondbinatidn soof feétut'éedessm'mea!rm Qmsmihnaiﬁon Wil be

SRRt PeRSoleR o J58rd ngars loRe [aHMERG v pgie Spirt and

plihBew of itife Bet@bred |ﬁ%rﬁfonaarfﬂl\bvﬁhlﬂ|tﬁe Rapss o?-fhé’\éaﬁ;ﬁbnded claims.
reglstratlon bores 15. iple panels

Al arblicaiions, paitands .aﬂsi p@tenha@pb@atmmqjed raﬁ@ataget@r@%at
i oﬂu%%ﬁﬁj ¢ dApLact ure nicrostructure conponents. In
I'S case, F%e m crostructure conponents 16 are
separated after soldering/brazing. 30 Fig. 8ais a
cross-sectional side elevation of the
sol dering/ brazing structure for sol dering/brazing
mul tiple panels 14. The nultiple panels 14 are
regi stered using WO 2005/ 002773 PCT/ EP2003/ 011657 33
exteriorly attached registration pins 4 that are
connected to internediate plates 5. The joining
pressure is introduced via the pressure tool 1.
Pressure cushions 2
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ensure uniform pressure distribution. Fig. 8b is an
illustration corresponding to Fig. 8a. The nultiple

w@anslos2713l are regi stered by registration pi nSPET/ERPZN3/011657

are inserted 5 through the registration bores 15 in
the nultiple panels 14 that aB4 illustrated in Fig.
7. It is understood that the exanples, figures and
enbodi nents described herein are 10 for illustrative
pur pose only and that various nodifications and
changes in light thereof as well as conbinations of
features described in this application wll be
suggested to persons skilled in the art and are to be
Eﬂ&}u within the spirit and purview of the

G FPBEYPIRRRNnti on and within the scope of the
appended clains. All publications, patents and
pat ent . a&plications cited herein are hereby 15
i ncofl por att@@sByertedler ence. WD 2005/ 002773
PCT/ EP200 7 Listing of Nunerals 5 1
Presgure ?ﬁ%%%ggﬁyggéﬂre cushion 3 Mcrostructure
conpdnent MicrbsRegtuse catiiponeptsns 10 5 I nternedi ate

plates 6 Bottomplate 7 Tenplate 8 Frane 9
Adj ugt abl ﬁ%ﬁf%]\oﬂaq'%n apparatus 15 10 O anpi ng

appasatushﬁ@nﬁégﬁgypgkgiatg with spring 12 Set-screw
13 Pressure plate wth registration screw 14 Miltiple
panef Bottom plate ‘

7 Template

8 Frame

9 7 Adjustable registration apparatus

10 Clamping apparatus

11 Pressure plate with spring

12 Set-screw

13 Pressure plate with registration screw

14 Multiple panel

15 Registration bore

16 Microstructure sheets
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20 15 Registration bore 16 Mcrostructure sheets WO
2005/ 002773 PCT/ EP2003/ 011657 35 Patent clainms: 1.

wo/RG0B0O77Dr j 0i ni ng m crostructured conponent PEWEPR03/011657

that are suitable for manufacturing m crostructure
conponents and that conprise $gbst ances 5 sel ected
fromthe group conprising netals and netal alloys, the
ge hod .conprising the follow ng nethod steps: a)
ﬁ{ﬁ’@?ﬁg“ﬁt | east one nul tifunctional barrier coating
at least to joining surfaces of said conponent

| ayers; 10 b) applying at |east one sol der/brazing

codt | Mgthas! tasieiniag miseanirushied sprpanent versihat gge suitable for
stac krhﬁﬂu%%t&inm%ﬁﬁfctﬁr@yc%@%ﬁ?ﬁs dha i bomprise substances

sol dering/brazi"ng sai d conpon ayers to one anot

usi ngsdiected frabb the gidephoathprisireg oatalarane mitah alioys, ihd method
wher ei n t hat %aipl subst anges %re _selected fromthe

gr oupUBREF NG iy Oélpwmqqf@ﬁﬁ“%\ fPAum al | oys, copper,

copper alloys, and high-grade steels. 3. Method in
accordance with any one of the preceding clains L
wher e@)n ap@iVing abless! ere Mufifunetianed baetersaaliag gt least to joining

di f f usi Wels)) ' od. 4. Method in
accor da%ggg%ﬁdﬁﬁégn@Cgﬁgégg'g&lﬁgé%r ecedi ng cl ai s, ‘
wher &)n dppdying ppleasbonesoldér/biezirgptokingoivasziich gt wast omeg barrier

is performped without flux. 25 5. Method in accordance
with an§o8¥%of the preceding clains, wherein at

| eastc)ongadidid sal c%ﬁwﬁ{e/nbragér%n@oat! ng is applied
for formng said coating. 6. Method in accordance .

wi t h dnghemeoldrringlbrazies saideprepenan lavgis e pre @pgther using heat.
partial sol der/brazing coatings are applied for

form ng said coating. 30 WO 2005/ 002773

PC?/ B2 Mddtwrdar®8 with claim 1, wherein that said substances are

selected from the group comprising aluminum, aluminum alloys, copper,

copper alloys, and high-grade steels.

3. Method in accordance with any one of the preceding claims, wherein said

soldering/brazing method is a diffusion soldering/brazing method.

4. Method in accordance with any one of the preceding claims, wherein the

application of the solder/brazing coating is performed without flux.

5. Method in accordance with any one of the preceding claims, wherein at

least one partial solder/brazing coating is applied for forming said coating.

8. Method in accordance with any one of the preceding claims, wherein two

partial solder/brazing coatings are applied for forming said coating.
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7. Method in accordance with any one of clains 5 or 6,
wherein said partial solder/brazing coatings are at

wo e@sorne hi gh-nmelting and at | east one | ow PEI/EP29G3/011657

partial solder/brazing coatings. 5 8. Method in
accordance with claim7, wherggn said at | east one

hi gh-nmelting partial solder/brazing coating is forned
fromat |east one netal selected fromthe group
cofrpMlethnd i Bbe@dangemdth anycked of daidhs<dpp&r whereivisaitbpartial

in accordance with.any one of .clains 7 qr 8, wherei

sai d°0erBEEd SRR F 6 st iong pdirmelling and ateast one tow-
sol detditrigparial sOak/behzrky dedtimgd. from at | east one

nmetal selected fromthe group conprising tin, indium

and bi smuth. 10. Method in accordance wth any one of

clai . in. first i . : ,
i G o8 i ac Ot whincHipEF. hein, SR 18 one high-metting
depopattial soldegbrarind Boatimgie femhed fyar at least ovieemeital selected
then_said at | east one | qw nelti nrg l?%rtriéél

sol dEPTLINSSRYP COMATIRYY SIVEE 4 + ekl na’d CaPRYmonent

| ayers. 11. Method in accordance with any one of the
precedi ng clainms, wherein said at |east one ) _

mf-t Mathed inaegordares with@sytaneyof daifs fed 8f whgrein said at least
| easbnf g BArARLBERARLARTLo N PLIBRGE BRI 5t R8st one
nol ybdénum nanganese, chrom'u pald adirum -~ iron,

ni ckeletalassatecéd dpsn e gloup eastprizshey tiwtindiuse et Edmutlom

the group conprising iron and nickel, with

phosphorous. 12. Method in accordance with any one of

cl. WetRod inldccatigned WithRRy otie SURAR ¥ LI viein first said at
thickness of said partial Solder/brazing coatings are
sel ele@etione bigh-meltingnpariiak selderéresiogi coafing s depesited on said
duri ' [ : : ' :

w t nOEnpBLaRY el SREN Aol horl P28 1043 BHERR 2o partia
conpsaidat/bignrey soating is aepesitéconsaidacmhpeneriyayers.

i sotherm c sol dering/brazing. 30 WO 2005/002773

PCT/ EP2003/ 011657 37 14. Method in accordance wth

anyl. prghéd it Becdraasestivits aply AndBof B r&datisgtikims, wherein said at
conponent | ayers are joined to _one another using

si miepaheve §iuifynrienal dariesconting isfrimeddsyn eé east one metal

selected from the group comprising molybdenum, manganese, chromium,
palladium, iron, nickel, and alloys of at least one metal selected from the

group comprising iron and nickel, with phosphorous.

12. Method in accordance with any one of claims 5 — 11, wherein the
composition and thickness of said partial solder/brazing coatings are

selected such that an initial eutectic melt forms during soldering/brazing.

13. Method in accordance with any one of the preceding claims, wherein said

component layers are joined to one another by isothermic soldering/brazing.



10

15

20

25

30

5 15. Method in accordance with any one of the
precedi ng clainms, wherein said conponent |ayers are

W@ 20088027t one anot her using one rapid net hod PCT/EP2003/011657

conprising heating and cooling. 16. Method in

accordance with any one of th87preceding clains,

wherein 10 soldering/brazing is perforned at a

tenperature in the range of fromabout 100 to about

600¢: Mpthogkin ipsgordange vdincemeenaf theprpcedisgataittse wherein said

pr eced] ' erel | der | AZi ' N
e SR s D 1 LRI 5RG b rpouappicaton
pr ess¥dheaf and pkessste.about 0.1 MPa 18. Method in

accordance with any one of the preceding clains,
wherein soldering/brazing is perforned with a

t enpaviathedan Rekeidack ivmfugérﬂ/ N(téﬁkﬁof il ecQéingrc‘Pénr%?. r&n said

to about 60 m nutes 20 ) thod | accorgance wt

any G®ERsMenhlaygrediedpingddd ainessnother wiing onerppidanethed
treat : eri.hg/brazing is perforned with a
t enperi d‘sﬂqtﬁ%atﬁﬁ%hi&?(gwge of from about O to about
60 minutes. 25 20. Method in accordance with any one
of égﬁ receding clains, wherein at |east one coating
sell@cylg

of/la AeEpEiagre withampme phifernipesding claimisawheréin
bar r isglderit ' is RE@HA ' j ; |
Com FoLTRERAEARE i DA o 2Rpelcle 1S RQY 640 abou
coat i19§doiabotbp@@W.by means of an el ectropl ating
met hod. 30 WO 2005/ 002773 PCT/ EP2003/ 011657 38 21.
Met hod in accordance with any one of the preceding

cl &r.ivetholién etcorslahce witrgrgne of thvgirecédifg claims, wherein
sol der /.br@azed in nultingelre anels. 22. Method in .
accorQErEBgRrEANg i PefemiAd b PsSHERIIRGeCVRICREhe stack is

wher @krdssedl of at RedsPaBORERY Npyers are sol dered/ brazed
in a PC board lam nating press. 23. Method in

accordance with any one of the preceding clainms,
Whes idin8Y%h B8cordance with any one of the preceding claims, wherein

soldering/brazing is performed with a temperature holding time in the range
of from about 0 to about 60 minutes

19. Method in accordance with any one of the preceding claims, wherein
temperature treatment after soldering/brazing is performed with a tempering

time in the range of from about 0 to about 60 minutes.

20. Method in accordance with any one of the preceding claims, wherein at
least one coating selected from the group comprising multifunctional barrier
coatings, high-melting partial solder/brazing coatings, and low-melting
partial solder/brazing coatings is formed by means of an electroplating

method.
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sol dering/brazing material plates or |layers or foils
made of a material selected fromthe group conprising

wOoredoalosz77xer am c¢s, graphite, and 10 conposit eSPET/EP28B 1657

as pressure tools. 24. Method in accordance with any
one of the preceding clains, ®Berein during

sol dering/ brazing ceramc fleeces are used as pressure
cushions. 15 25. Method in accordance with any on

e of . )
t ha1pWethadi ingicepedamnse witheary anelgf thegpreceding claims, wherein said

sol der | brazi ' [ isStration
pi ns,co@%%‘%@f tes%g@%&&%@g&ﬁggﬁﬁgﬁﬁg r% %@%S 26.
Met hod i n accordance with claim?25, wherein said

G R e TR et
CONPI dphBeh &Hi #RfArS Bre §6H8BdPora28d B bodrt laMithdtirg priess.

accordance wth any one of the preceding clains,
wherein during soldering/brazing structural features

of Jt,h onponen r . . . .
o2 e IR rALE N Rotie b L aretng i, yhoren curng
one ofolddrrgibreerd materlabplkes wheyeisrordfailsimacienfenmaterial

| ayers are 1 ndividualized after said solderin /Q{ zin

pr ocexieqod from i‘h%@ﬁouﬁiqomﬂ‘@,'”gpr@ﬁ%‘?’ncﬁr agkes; 292%9 g an

30 W%&&i&%%?@%s@@sﬁé@&ﬁé%&@? 39 29.

M crostructure conpone conprising a stack of
m crostructured conponent |ayers that are joined to

her. d [ ; .
or et VRURS e AR A 3hE B T pRSkaRHfi Mridhin during
conpogsdéridifibraging esramioNesdnsl drefusedtdasopralsiier cusdions.

coating and one 5 sol der/brazing coating between the
i ndi vi dual conponent |ayers.. 30.. Mcrostructure

C'OEBQM%'B{Od fh &%%Pc?é}%%t%ﬁ},hqﬁé@f MeSreceliRigedifinggiveherein during
substances are selected fromthe group conprisin
al uni sniderirg/orazingegigtiatips appapus. regishigipn @n}%yg tergpigtes are

hi gh- QA #4§istStiort-0

26. Method in accordance with claim 25, wherein said registration apparatus,
registration pins, or templates comprise a material selected from the group

comprising graphite, ceramic, and metal.

27. Method in accordance with any one of the preceding claims, wherein during
soldering/brazing structural features of the component layers are used for

auto-registration.

28. Method in accordance with any one of the preceding claims, wherein said
component layers are individualized after said soldering/brazing process by

cutting, milling, punching, or lasering.
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31. Mcrostructure conponent in accordance with any
one of clains 29 or 30, wherein said conponent |ayers

wae@sjoad7ned to one anot her by a diffusion PCT/EP2003/011657

sol dering/brazing nmethod. 15 32. Mcrostructure
conponent in accordance wth 3y one of clains 29 -
31, wherein said solder/brazing coating conprises at
| east one high-nelting and at |east one lowneltin
medSh MiceBirupuse companent, eoomristngea stack dcniorasénucir

cl ai rein d at I eas ne hi

et aforpoodREeed fRk b o Rotbe e Sy Bhse -
si | veelectidtkem, thareo @ pe@prisidg- mé{‘eﬁf @r&i frigtdiwiieys, which
conponent in accordance w th _any one of clainms 32 or

Comeraent kag at sﬁsﬂ %mu&ﬁwtmahawq% goRimAng gne
Se' e%&i%@ﬂ%{f&m cbatd g:’zs‘é}m%%nftﬁéfﬁ}{duﬁhﬂa ddifborl i idy@rs.and

bi smu tructure conmponent 1n ‘accor nce
with any one of clains 29 - 34, wherein said at |east

o) Ribe vt £ORmoPBhl rrectrnsulib R g, verdif 23l

ol ybaiestintedaRISAEsed from the ?fbdprbd?f#ﬂls.ngﬂélﬂmﬂhhmySimﬁlnum
at least one, netal selected fromthe group conprising

i r onl¥$, GPRRRN CopPehallsEsphd higlisgrade steels.

31. Microstructure component in accordance with any one of claims 29 or 30,
wherein said component layers are joined to one another by a diffusion

soldering/brazing method.

32. Microstructure component in accordance with any one of claims 29 — 31,
wherein said solder/brazing coating comprises at least one high-melting and

at least one low-melting metal.

33. Microstructure component in accordance with claim 32, wherein said at
least one high-melting metal is selected from the group comprising gold,

silver, nickel, and copper.

34. Microstructure component in accordance with any one of claims 32 or 33,
wherein said at least one low-melting metal is selected from the group

comprising tin, indium, and bismuth.

35. Microstructure component in accordance with any one of claims 29 — 34,
wherein said at least one multifunctional barrier coating comprises at least
one metal selected from the group comprising molybdenum, manganese,
iron, nickel, and alloys of at least one metal selected from the group

comprising iron and nickel, with phosphorous.



