WO 2005/ 002773 PCT/ EP2003/ 011657 1 Method of connecting nodul e | ayers
suitable for the production of microstructure conponents and a
m crostructure conponent Specification 5 The invention relates to a nethod

for joi ni ngvevbeas@®ysuct ured conponent |ayers that are %E‘rk%ﬂ(ﬁ/ {19g7
manuf acturing m crostructure conponents and t hat conpri se P

particul ar al um num and/ or al um num al | oys, copper/copper aI I oys and/ or
hi gh-grade steels and furthernore relates to a mcrostructure conponent 10
enconpassing a stack of mcrostructured conponent |ayers that are joined to

one anot hefgeandl bhebnﬁ@ém{q frfadid Pdgﬁré‘gdité’ﬁle'fsi; e EMcma.od g particular

al um num and/or alum num dl | oys, pper and/or copper alloys, and/or

hi gh- gr ade sv@réusé,ructtnnecﬁqmpouemtgr@tb@npow@wtummpgnent cro-(u)-reactors;
k-m xers, and p-heat 15 exchangers are already enpl oyed in chem cal process
technol ogy and in research and devel opnent projects. The first industrial

processes h3pecitidatioady been realized. For instance, Cariant, Swtzerl and,
jointly wth CPC, Germany, installed a pilot systemfor nmanufacturing two
comercial azo pignments and tested the continuously-working nmethod. The

resul ts of The mventidrorblates td §aletivpd fop jolfiRgnidbrogtrectiityd @ﬂhpdinérm@@aﬁéty,
brighter an re tfrg”g[%(foarent particles, etc. were attai ned (CHEmanager,
5/2002). ThBapag i or MapNfariurpgRRIOSHCINFRICHBRPTY LS BRH dhaffcomprise
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mi cr ost r uct @rdOE @shw%ﬁea(s@r@fw@rmqrﬁ&Igwﬁlttara raispastugture sempenent
devel opont ehmass e et of fitotlciiel cbifbBAGR s Ma HERRGTIA |
VCH, 2000 a@nbther armbthpt cwBpisayetals andfer mietel elleyse icpartiout@eghinutioygy
Cons =D e A R S0 BB op i B o e BT 1
m crostructure 7
Microstructure components;, that is, miere-(p}-reactars; y-mixers, and p-heat
15  exchangers are aiready employed in chemical process technology and in research
and development projects. The first industrial processes have already been
realized. For instance, Clariant, Switzerland, jointly with CPC, Germany, installed a
pilot system for manufacturing two commercial azo pigments and tested the
continuously-working method. The resulis of this method are that up to 149%-
20 greater color intensity, brighter and more transparent particles, efc. were attained
(CHEmanager, 5/2002). The PAMIR study (PAMIR: Potential and Applications of
Microreaction Technology — A Market Survey, Institut ftir Mikrotechnik Mainz
GmbH-and YOLE Développement; 2002) provides a survey of the potential for
microstructure technology and current industrial applications for microreaction
25 technology. For further information on research and development projects, refer to
Ehrfeld, et. al., “Microreactors”, Wiley. VCH, 2000 and fo the proceedings of the
“Microreaction Technology” conference, which has been held annually since 1997
(IMRET 1 - 6,1997 to 2002).

30 Compared to conventional reactors and heat exchangers, microstructure
components are characterized by excellent advantages:



conponents are characterized by excell ent advantages: WO 2005/ 002773
PCT/ EP2003/ 011657 2 1. Nearly isotherm c nethod 2. H gh surface/vol une

ratio 3. Heat transfer inproved by orders of magnitude, i.e., extrenely
conpact 5 wogésperrtor mance heat exchangers for a w de \wfipphoszelies?
applications, e.g., for fuel cells, air conditioning in autonobiles and

ai rpl anes, coolers for electronic corrpo%mnts wi th high heat devel opnent 4.
Extrenmely conpact construction 5. Hi ghest degree of systemintegration 10
6. Inproved process controls 7. Very high safety standard, even during

hi ghly exotherm c reactions. 8. Inproved environnental protection

M crostructure c onents,in general conprise a stack- of thin netal sheets
that 15, are charMRaWIFHBEE Methed structures. Joining the structured
sheets results im HigRIBARS&HSuMetltyery fine channels, the cross-section

t her eof bei ng tgi cally less than 1 mm®. The sheets can be structured using
dry etching net hddieatdignsigr improveth bypedars gbaggeituds, hg,. estremshnepmpadhani cal

m crof i nd shi ng. Nernrh t : i i a cover
pl ate anr% a bott@ﬁ? %Jlgate %ﬁﬁ}?‘?ﬂéﬁ‘%ﬁaﬁ??ﬁ@%?@% Ozégﬂli%ﬁrrgggﬁme% 7 \When
desi gned appr opricafuel gells, Bie coodifipaing it autamphiles aneck aimplenés atookexs fornge  or

power exchange w ): i c nt. vol wheregby the flow conditions
in the conponent e i sot herm ¢ conditions
"t he component & g KB I W At e 4% alPBE ot ner m - condi ¢
can be attai ned 4.nExiremelyccongiaut oehsiructi@® p- Reactors, p-heat exchangers, and
p-m xers on the ket are generally.made of high-grade steels because of
t he production ﬁ%ﬁfﬂ@%@&gﬂ’%@’é IRBOEAYRN £ ol [owi ng. I'n addition, the
m crostfpict ure CENTAPRIES prddels thhisolPr oduct i on  engi neering cannot be
enpl oyed in many_fields OP application, first hecause cost .
7. Very high safety standard, even during highly exothermic reactions.

8. Improved environmenta! protection

Microstructure components in general comprise a stack: of thin metal sheets that
15. are characterized by fine structures. Joining the structured sheets resulfs in
- components with very fine channels, the cross-section thereof being typically less
. than1 mm?. The sheets can be structured using dry etching methods, using wet
chemical deep eiching, or using mechanical microfinishing.

20 Normally the siructured sheets are provided with a cover plate and a bottom plate
and are joined into one compact component. When designed appropriately, the
componenis 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.

25
u-Reaciors, p-heat exchangers, and p-mixers on the market are generally 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-

30 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



30 efficient manufacture for |arge series and mass production is not
possi bl e and/ or |arge nunbers cannot be achieved at all or can only be
achi eved at great cost, and WO 2005/ 002773 PCT/ EP2003/ 011657 3 second the

manuf act ur wig2009802¢8 nust | ead to conponents that sati Shy¥rapfosd@tdon ng
technical requirenents: 1. Seal ed, both between m crofl ow channels and to

the environnent 5 2. Pressure resistange/strength 3. Corrosion resistance
to media used 4. Tenperature resistance 5. Free geonetrically well defined
fluid channels, Le., channels that are free of interfering residues from
t he manuf acteGPMH rpmapuiasturing methed enyst legd t@tﬁﬂf,nppﬁ%mtﬁﬁhﬁffﬂﬂ%§%he\/\/el ding is

excl usi vel Yols@dg trnial rddifretientded metal foils for manufacturing netal
p-reactors, p-mXers, and p-heat exchangers. The stack of sheets to be

joined, which is made of individual mcrostructured foils, is welded to one

another in a high Melap ' ures via
I nterdiffusion. ngh%é%gg/'%#Qg%{%%ﬁqﬂicgé f@eﬁf%gm?fg ﬁdgtp tﬁ%ﬁhﬁﬁ}ﬁé‘,ﬁt I.e.,
conponeft cor es 2raldesefireaesisidnoeistrengtri al , are produced. In order to

provi de sufficient.interdiffusion very high demands are placed on surface
quality . (rough?f;sg?rréﬂ?'i‘f?f* gﬂﬁept@/rﬂ?%f%é'ﬁ?‘?y) during thernodiffusion wel ding

to the conponedt sTémpoetyreirgsistanddi s | eads to restrictions in materi al
sel ection and t expensi.ye proce copdi tions and terial pre-treatnment.
This is parti cu%arz'%)?e @to%'f'?%@iw(fltqs‘%nﬁ‘gﬂ'é'd&haﬁﬁ'"ﬂﬁi Tfin® efst@g%l?rleoys si nce

the hi gh oxygen frkfdfitbifeg fdaRiued o Mamamisgsthang pttads, to the formation
of oxide layers, even when work is perfornmed under good vacuum conditions.

In t he"_Basft this problemhas led to high reject rates during production so

T L g e

i ncl udi ng teetsl teds for raanufeciuring metal v-teadipys, Urpecaland bheal echaogerbeam
The stack of sheets to be joined, which is made of individual microstructured foils,

_ is welded to one another in a high vacuum under high pressure.at high _

15 temperatures via interdiffusion. The advantage of this method is that monoliths,
i.e., component cores made of a uniform material, are produced. In order io

. provide sufficient interdiffusion, very high demands are placed on surface quality

(roughness, purity, shapse/planarity) during thermodiffusion welding to the
components to be joined. This leads to restrictions in material selection and to

20 expensive process conditions and material pre-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

25 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 resiriction 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

30 body. Disadvantages of thermodiffusion welding are consequently the following
listed complex manufacturing conditions: high vacuum, preferably very high joining



wel ding, is subject to this restriction to an even greater extent since
material conbinations within a conponent are very difficult and very high

| ocal heat devel opnment can result in leaks in the diffusion-welding seans
on the reacivoroddobagy. D sadvant ages of thernodi ffusi onpongkebossd fs€
consequently the followng |listed conplex manufacturing conditions: high
vacuum preferably very high joining WO 2005/002773 PCT/ EP2003/ 011657 4
tenperatures (- 1000C), long standing and processing tinmes, and restrictions
wth respect to base materials and material conbinations. The resultant
costs of sudampgralirests 19PALE). Langisjanding and pricessing timﬁ%a@@ resdrctions ${ifBh

conponents gg i housand
Euros. 5 Sol dgprﬁ 6 dé %'ra gér!éﬁésﬁf@%géﬁgwﬁgogt@@g di sa @%r# ggsetetlﬁgl%rft he

j oi ni ng coamna@lct%drqﬁuc@lbslmt H@w uset Bhe pricesoftaueh somposents arﬁE:UITBbﬂwwer,

t hese netho 1 t | f costs. Al though

sol dering agﬁder%r a%betv(;ég @@Bhave géﬁﬂgﬁgggss%n%rdgﬁregeat edly as a joining
techni qué for mcrostructure 10 conponents, in the past it has not been

possi ble to sol de and brazi i adust r.i.al facture of
p- conponent g@%{ qrﬁ{ef)rlagﬁlg Rrg?r%ﬁﬁﬂg‘ﬂ?ﬁg& %@"?@rﬁ}ﬂﬁgﬁ’ﬁrjgmﬁ‘ c%’ﬁﬁ%ents are
very stri ngemtn ibes Nthar ohstals/tham e gadketgilmal HoRevdrl thasainiethdds eff@nnel s
during the [}ﬁ iﬁnnggaé@\‘%g é:%s?slwsg th?_,t ;Fl.;eﬂctlgayrég‘tesl Eg'ﬁ"éimt brgglgge st opped
up. 2. Work (TSR Fdb resi due
cannot  be eERYEShaVS BN Sudddttad RBeSRENUE [oiniRg téc‘-fmﬁfde’f@ﬁﬁﬁdfoﬁhfcﬁdrémt to

renmove. 3. The sol der/ brazi ng coati ng nust be very thi honogeneous,
uni for milQ  &eewmansnise i thepasttihes nPfr'éf@"(ﬂos‘?th'%l? ‘éﬁ%@'@e"ﬂﬂﬂaa@q'rhﬂalz‘”@l nensi ons

and, 20, OMPlniibs R i MITG M G FRECARRricF JA6
D.M, "Princi plhessﬁrlsdcl)lﬁderl ng an rBr azing", 4 %é)gh @gﬁ'r?rﬂt ernati gnal
The Materi altie mangfaciitredhCOBpoReNS areoBNy SiriBgend- 462-5) describes Transi ent

Liquid Phase Bonding in greater detail. This is a

1. No solder/brazing material may run into the channels during the melting
15 - process so that the channels do not become stopped up.
- 2. "Work must be performed without any fiux at all since flux residue cannot
'be removed from the finished component, or is extremely difficult to remove.
3. The solder/brazing coating must be very thin, homogeneous, uniformly
- distributed, and still free of voids due to the small dimensions and
20 complexity of the structure.

Humptson (Humptson, G.J., Jacbbson, D.M., “Principles of Soldering and Brazing’,
4 {2001), ASM Internafional, The Materials information Society, ISBN 0-87170-
462-5) describes Transient Liquid Phase Bonding in greater detail. Thisis a

25 diffusion soldering/brazing method in which one or iwo 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

30 two metals or alloys can also be formed if two different solder/brazing metals or
alloys are used. {tis assumed that copper, silver, or gold is used as solder/brazing



25 diffusion sol dering/brazing nethod in which one or two solder or brazing
coatings are produced between the parts to be bonded and the bond is heated
to a tenperature above the nelting point of the solder or brazing material.
The bond i swowmed/ed7mver a | engthy period in order to nmakerppmsifheT
interdiffusion of the solder/brazing netals and the netals of the base
materials. A eutectic nelt of the 30 twosnetals or alloys can al so be forned
if two different solder/brazing metals or alloys are used. it is assuned
t hat copper, silver old is used as sol der/brazi ng WO 2005/ 002773

PCT/ EP2003/ (algE4 fo%mﬁﬁtt‘% FP%FSOIFS%WEE‘Q REPCaSEEs-Id fytkiga! l?P‘ﬁ'ﬂPFFgO [ ocesses. A

typical exagpld/Brazng Metcil {38 ifld JREREIAbbYTs #ercddbetiflialiby!sygmmet hod
is the copper/tin alloy system CH 690 029 A5 describes a fusible coating

made of at |east two layers on a 5 substrate, that can in partlcul ar be used

f | d
or sol deri @:H@?O béé‘{als%scm?s H%[‘%BIQ(&B ﬁdmaaélﬁﬁﬁf%%@tﬁtg\ﬁﬂﬂxousl ng parts

advant ageousl y for gas- I qu Ints In
usi ng br &zi sybstrate, ﬂiﬁh@ﬁfal@tnﬁrtlmgaltbfeumdlfdemlﬁqﬂng@lzbmglr\@oahe mpnufgauregart i al

coatings foPHDarAS baf pguaeh aBlreGRust foftry it REIRTORBAENOERRT, or'ur e
thgt blls 10 MSuahgfpaEtggnggglergzlnghMr manufaﬁum’;treaéol@erinylbral@gfnglam% a\w_ovE I450C
an elow a or .the s i.n oatin 0 nd ni cke
are ind! cat DML Soattiasae ApSose e Schangieal: BRE i Bt pibosSs BE b act ng
whi t e gol d, cehtirgd foRn asdudédtic mamnwhhs aséitingpoiHinene tbinparitwa tahligys with
hi gh portions aof tjitaniu netal conbipations that can be used for

i

br azi ngYar 4Skgfor li’fé‘?'é‘ﬁcg‘]aﬁhgmﬁhél%a #higelligg peint ahoye 4wRT¢ agd belvher and

silver. If a 9:Qixd4m@bek:oﬁﬂﬁst$d!&eﬂb?aﬁﬁ@bb&ﬁ1 tgoﬁtaaidws@él a?éﬁﬁﬁcated)é@f erabl y
a coating of gold is first deposited on_the substrate. Furthernore, EP 0 212

878 Al descPP'@@@“@mﬁém péatia et appradmadalyf i Sjorbreing Wf@i&tﬁ@ﬁg@ﬁﬂlﬁsﬁfﬁﬁéh t he
flow channelg sttﬁénlt]ﬁ\aén hhhm A sf\:\gﬁ'lrfﬁ%h Fgﬁéﬁg%k tqta%ﬂJ SlF meldle steel

pl ates are to one anot usl ondi ng di scussed in
t he foregoi AN rﬁa@pbs thah canbe t@@dﬁmﬁansg @mfo@mata}n@mangamemd copper

predom pant Ly Jde QopBHaRa S e SRRtk cburfy RUKpILE o SRMLIALBLS- But a
preferably a coating of gold is first deposited on the substrate. '

Furthermore, EP 0 212 878 A1 describes a method for manufacturing a heat - .
exchanger in which the flow channels for the heat medium are formed in steel
20 plates. The steel plates are bonded to one another using diffusion bonding.

As discussed in the foregoing, microstructure components currently on the market
are predominantly made of high-grade steel due to production constraints. But a
particular challenge with respect to producing microstructure components is the
25 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:

30 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



particul ar challenge with respect to producing mcrostructure conponents is
the 25 use of alum num alum num all oys, especially in ternms of joining. In
the past no mcrostructured conponents that satisfied the aforesaid

techni cal mnegoeseereyt s coul d be made from al um num nat eciralpSeos kst hi s
reason this problem should be discussed in greater detail at this point: 30
The low density (2.7 g/cnB) of alum num@nd its favorable strength
properties make possible optinmum shape and |ight weight construction and

t hus substantjal WD 2 002 3 PCT/ P2003/ 657 6 sav |n V\BI ght. This
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at mospher i %mxmgemnd EorPesgpRAbiNgSthds® mgﬁ Ialmhltg% BENbhefib ¥Rdygerd! M num i s
resistant to air due to the forrmation a coherent thin OXIde coati ng,

since tM s FNE@sHioLasily cABPSIR Bigel al%aumnﬁ@s@@mﬂ@ﬁw&ue B\thestggration| t i s
preci sel Y tdfiSedtiePbhih i g, SIRRPARSHBLEntS Rt LA RPHRES! O
S bondi’ng o

resi stance 10 of alum num that prevents 'succes al um num

| ayers or gmrmlquubmgygeme manuf acture of m crostructure conponents or that
| eads to high reject rates and nust therefore absolutely be renoved prior
to the joining process. Used for this for instance during brazing are

fl uxes t hatit isqmaei‘sé!y tie Iprotattivieesgaing tespeasible foaﬂmrm'gh cbifbslonnesistians®| ve t he

Al oxi cogtin f fl oul gyol ossi bl e since there
o e sud: ant A It fobheyas SE8ru ABntig ch Slrdnybderers 2y bafs Sufhf

nst ance erm mmmrttad ghicidistrattures ompsiants otthatiiats @ highokjezt ratedet ween-
:‘Iﬁx and fore' nst ceeacrfl l brtuenltagnof ?h ase rnatig?l ajl Za;l

addi ti onal éggﬁé‘i’rgta%oﬁ’%g\’ RireROVEdPHRI P ?ﬂ?'mn%PEj@e%TLf’Sa%g %5reas can
often be bcﬁisd@ﬁhnta@meé Hﬁﬁn@ Blazing @damas tay nt‘)ﬁﬁéllyf rhalx at enfslatlrsd see

bui | d-ups can occur to inconplete run-off the f]l ux during the

j oi ning pr GRREX.H(Q° @ﬁmg disselvehe &l bxide csa%M%equilueSﬁheBlﬂrt&@m ¢b rise .
sharpl W5 FaghdSSRiBIE 3RRBIh&ERIE sBItAN dlR8¥Pantages associated with its use, :

such as for instance environmental pollution, corrosion, undesired reactions
between flux and for instance alloy constituents of the base material, and
additional costs associated therewith. In addition, large surface areas can often be
bonded together only inadequately when flux is added since build-ups can occur
20  due to incomplete run-off of the flux during the joining process and this can cause
the probability of corrosion to rise sharply. For these reasons other methods have
been developed in which joining can be performed without using flux. None of
these methods in the past has been able to be employed to successfully
manufacture microstructured components, however,
25 _
Currently intensive research is being devoted fo resolving the problems associated
with joining microstructured components made of aluminum/aluminum altoys

because of the great importance of aluminum materials.

30 In general soldering/brazing Is already employed commerciaily as a thermal joining
method in a vacuum or in an inert gas atmosphere. However, the foils or pastes



been devel oped i n which joining can be perfornmed w thout using flux. None of
these nethods in the past has been able to be enployed to successfully
manuf acture m crostructured conponents, however. 25 Currently intensive

research i swbewimogieyoted to resolving the probl ens assasgdmat@ehsioMssh | 0f ni ng
m crostructured conponents nmade of al um num al um num al | oys because of the

great inportance of alum nummmaterials. 30 In general soldering/brazing Is
al ready enpl oyed comercially as a thermal joining nethod in a vacuumor in

an inert gas_a wever, the f or te 2005
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Fur t her mor e Mgt i gpie SHEHR PORPHR o Ruythemeig: the S9riLPiFER BRIMAN 2i ng
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sol der/brazing gap of the mcrochannels. In addition, flux is very
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t aki t
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catal yst-co m croreactors e use tlvré?l on of
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2002/ 0012811 Al for ance ro mat.er.i on the surfaces to
e of nil aPoReri€ 19 PRARRE Sundl BAbERutng ket FoBH Rt e B elg

ni ckel that offiwocarwhiadito sehtipmtibh of theelaedydtasydi cal |y applied to the
pre-treated surfaces. The joining process can be performed w thout fl ux.
The ni ckel / bi snut h-coated al umi num naterials can be used for manufacturing

heat exchangef pinin§ afinihfi@nd/dralbinuMy AIRGS, U 20000080811 K1 .for HERINGE
I on- pI ated di ffusion barriers and
~ provides that the material on the surfaces to be joined are first pre—treated and
15 : then a metal coating containing nickel that also contains bismuth is electroiytlcally
applied to the pre-treated surfaces. The joining process can be petformed without
- flux. The nickel/bismuth-coated aluminum materials can be used for manufacturing

heat exchangers.

20 Steffens, H.-D., Wilden, J., Méwald, K., “Use of jon-plated diffusion barriers and
soldering/brazing systems when soldering/brazing steel/light metal joints”, (DVS,'
166, 9498 (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 fitanium as an adhesive agent and a nickel

25 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

30 techniques for soldering/brazing aluminum and its alloys. According to if, aluminum
can be soldered/brazed without flux in a gas atmosphere using the contact



sol dering/ brazi ng systens when sol dering/brazing steel/ight nmetal joints",
(DVS, 166, 94-98 (1995)) provides that eutectic al um num base
sol der/brazing nmetal can be used for flux-free soldering/brazing. Prior to

appl yi ng t keo adosoansm base sol der/brazing netal, a coapckgeedozbitkeni um as
an adhesi ve agent and a nickel 25 coating as a wettable surface, which

| atter also acts as a diffusion barrier,gare applied by neans of TiNi ion
plating. Petrunin, |I.E. , "Contact Reaction Sol dering/Brazing", Handbook of
Sol dering/ Brazjng Technol ogy, Verlag Technik GrbH Berlin, 1990, provides 30
t echni ques "EBFIbMgHIQd Wit BeiRg sHIfaes Riptedivg coatings. Bdigen. oRPeF.ANSYvero it

al um num ] I WA I ng the
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surface prdleeitalyticalydiyi vapor-dgpesition or by speeen pointiag. Sufacequateptivaised f or
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ol ect 1 ol yi (AT 5 ltenck CG R AREL! S, BoBel MAIsRYEr 86 ete,

pr ot ect ve capcalse hgsised dfima st iate be coed.iThgse waatingst tad, can berforneapper ,

ni ckel , sil ine I an also be used if no flux is to be used.
These coat iengétfolftgg,ﬁy 8@%’?"5‘5'*3%'&?@(1 electrolytically or chemcally. DE 197
08 472 Al describes a manufacturing nethod for chemcal mcroreactors in

whi ch the flui annels are.formed in jindividual, planes. The indjvidually
10 manuf act[%#élgﬁg%a%ipﬁs?r% ac'BF‘P@JéP@H"Q fﬁegh%fj @?égﬁméﬁ%“]"gp??@&{%%cur ely
to one anai hich therfluid sk & fEPhetERi INGVBLAZIAs. The indiddvaigual

subst rqltoes can conprise netals/netal alloys. For joining the individual

| ayer s,'Qondn@RifREiHIed plages arethsn gollegied ini A stpckanddoined seadedp£ieng et al
cont ai Ni NG kKR! for SR SIIIERHINMZNS. Tid ReividuRl Wibdd &1 campiide coat i ng
is deposited and then- a bijs]_m;t_h coat i In% I'S de%si ted 15 tier_e%poé\.l‘ In this
case a | owmelalshyetal elieys. Eonjoining thefindiveluak layers, one mepingsitegie g brazieg
coatings ar, Al ' £ar, an:el evat ed
ol 1 ng. por T R sing dobbasing'AERES G oord o] BohEPnaf2R Bk o2, 7
accor dance immthich first a tin coating is deposited and then a bismuth coating is deposited

15 thereupon. In this case a low fusing eutectic mixture forms at the interphase when

the coatings are heated and further tempering forms a bond that has an elevated

melting point.

For manufacturing a heat exchanger for a Stirling motor, in accordance with

20 Bocking, C., Jacobson, D., Bennet, G., “Layer manufacturing of heat exchange
elements using photochemical machining, electroplating, and diffusion brazing”,
Trans. IMP, 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

25 sheets, and the sheefs 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
30 very different meiting points. Examples listed are the binary systems Cu(Sn),



20 Bocking, C., Jacobson, D., Bennet, G, "Layer manufacturing of heat
exchange el enents using photochem cal machining, electroplating, and

di ffusion brazing", Trans. |IMP, 2000, 78(6), 243-246, copper sheets are
used | n whiwe Fbésgogh78| ow channel s are formed using chempEpkpRifidas- The
sheets are joined to one another using a diffusion brazing nethod. Tin is
electrolytically deposited on the copper @5 sheets, and the sheets are
brazed to one another with heat. Bartels, F., Mischik, T., Qust, W,

"I nvestigatigns into thernmostable mcrobonds frominternetallic phases”,
DVS, (1991) FPtesn), Nionp andNifjg} tThefeporb fasaribgs tee FulSnsysiam éngreatasr et al | i c
phases of Dbifasgiy systens are fornmed whose conponents have 30 very different
melting points. Exanples listed are the binary systens Cu(Sn), WO

2005/ 002773 PCT/ EP2003/ 011657 9 Pt(Sn), N (Sn), and N (In). The report
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i crost r uct unanufactping nticrobirveturel doaggbnehte anditisatunisdsisaedeptindghed as
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it has not hesnisiessicRicptd for daiutndep ofBppifcatbmg for8bfifedhéuct ure conponents

econom (%glly' in |arge nunbers. One reason for this is that in the past the
I

avai | abl'e j oi ni ng techni ques for bonding the individual conponent |ayers
vere é?ezgt %FR@H@S&B&&\W Hé&¢ td'&nPBy sDEn Bb BAkftythiindivideEponent s W th
yield. ' The problemis that the aforesaid requirenents cannot be
ful filled sapphsations:it hys neldeen passibincte date to manvfagigresnisrastupiurut
20N cront EBRPRAR oA ELAC b, SRR BF L I M e
e available joining techniques for bonding the individual component layers were
15 | not suitable for manufacturing the microstructure components with sufficient yield.
The probtem is that the aforesaid requirements cannot be fulfilled satisfactorily. For
instance, it is not possible without additional measures to obtain sufficient presstre
resistance with sufficient gas- and iiquid-tightness both between the microflow
channels and to the environment (for instance, He leakage test: 1 10 mbar - Lfs)
20 | and at the same time to ensure that the microchannels remain compietely free of
_thejoiniﬁg agent, for instance a solder/brazing material, and do not become

stopped up.

Thus, the problem upon which the present invention is based is that known

- 25 manufacturing methods for microstructure components are not sufficiently reliable
to ensure that the pressure resistance and corrosion resistancs of the component
are high enough, that the component's tightness against fluid exiting from the
component or fluid spilling over info adjacent microchannels is high enough, and
that the microchannels have a sufficiently low flow resistance. In addition, known

30 manufacturing methods are not cost-effective enough that the microstructured

components can be employed in a wide variety of applications.



channels and to the environnent (for instance, He | eakage test: 1 10-8 nbar
Us) 20 and at the sane tinme to ensure that the m crochannels remain
conpletely free of the joining agent, for instance a sol der/brazing

mat eri al, ang2sbsoeots becone stopped up. Thus, the problpemermeaovégsch t he
present invention is based is that known 25 manufacturing nethods for

m crostructure conponents are not sufficﬂ@ntly reliable to ensure that the
pressure resistance and corrosion resistance of the conponent pre high
enough, that the conponent's tightness against fluid exiting fromthe
component or fluid spilling over into adjacent m crochannels is high enough,
and that théhedesatiedmieblemsaare salved by ithse aethad inaecbrdancesdihstlainté andin

addi tion, kn p | . - ' enough t hat
the. m or ost r Qe groaleREh dblrin B 388508kl Bn ca 48, £etentd, |0t
appl i cat i onsemiadipGits 60he idvdnddn BR208ided 16 Hie sudrdinatedelsiors. bed probl ens

are solved by the nethod in accordance with claiml and by the
m crostrutCture conponent in accordance with claim?29. Preferred enbodinents

of the i nvenFoothePuepgdes\of tesipricBettiRvaiitibal midtédtauchire ddnpdneh® inti@e BT poses
of the present invention, mcrostructure cg%onents i ncl ude al conponent s

) ] |
that conpri sECAPIEIUS i COMBHSS ANisrostNEyred dndyigugidayers anddpat Agisuliahle  f or

perform ng clepeAaimingAbMAF redcAbnd iér diRiushe st eRUISARIY) for doBling @p! i ng or
heating nodul es, for mxing fluids, or for a conmbined application. The 10

ni cr ost r uct ubeatingrpedidas. Jogahdiaiivigs, os figrra eambingd @pglicatipnofhe@onponent | ayers
that arf| ojfiedst %??dfﬁ}rn@ﬁ giiRral il Lo fd%?écﬁ@it 8fs8haf ©
m cr ochannel s ! gsot&glﬁg s'in t{? co%]g%gmtﬁrg?r?d%glta?mﬁl ar ow C anne?{; for
fluids and oafedeinkdiie one appthesgastand liguig-lightpuhetebly dhérerare maictoghannaldal i t y
of the conpo . r; - | ' t hod
O o e PR gl "R 1 BEc LBy B Ao s 0550 AR BERE ™ 100,
shal | be undspares dhiattare besponsiple foo the fonelfonalitytdféhg compogemptar t ners are bonded
using the addition of another
15 VWHen reference is made to a éﬁlderingfbrazing method (soldering or brazing

method) in the specification and in the claims, this shalt be understood to be a

method in which the joining partnets are bonded using the addition of another

(solder or brazing) material, whereby the material is present in the joint seam at

least initially in a fusible form. Brazing and soldering methods are differentiated:

20 During the brazing method a material is used that has a melting point that is at
least initially greater than 450°C. In soldering, this meliing point is at least initially

no greater than 450°C.

When reference is made in the specification and in the claims to a high melting
25 point material coating, this shall be understood {o 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.

30  The claimed method joins the microstructured component layers for a
microstructure component to one ancther using soldering/brazing. For



(sol der or brazing) material, whereby the material is present in the joint
seamat least initially in a fusible form Brazing and sol dering net hods
are differentiated: 20 During the brazing nmethod a material is used that has

a melting mwofshdaeds is at least initially greater thapct#&®isosbniessol dering,
this nelting point is at least initially no greater than 450C. Wen
reference is made in the specification ahtl in the clains to a high nelting
25 point. material coating, this shaII be understood to be a material that

has a nelti re n 450C, referenc made in
the fol | ow ﬁ% %hﬁf‘“@%rr@’?“‘% il F %F?’HP‘"&%&? ntIIS m'FIW?“%I%‘é%I
uRderlstooddtmDmmormnmayers aIﬁﬁmlq:sewdmabrﬁjdngn%)sunﬁacemiﬂOaglreaat@'fefthan 450C. 30
The cl ai ned e oi.ns the crostructured ¢ en or _a.

i or ost r uot UPEEB IR Banie SoRid AR e hel Py T REE Prrgi B Bleag Cedinauo
2005/ 002773 (B@%EBQ&%&Ir@Jdbﬁﬁﬁg) dnlthm WHaREONE bagiel b@atlirr@,f/ gitich \ife Bb@mbeadtuct ur e
conmponent the m crostructured conponent |ayers are first provided on

j oi ni ng Sur %S RRFRAed N Thi @P"BW@relﬁﬂokW ane spiisred/brzed do OESQI"P'F’P&"and are
then provi degsiyg hBata sol der/brazing coating (solder or brazing coating) on
the at |east one barrier coating. Then the conponent 5 |ayers prepared in

this manner are stacked and sol dered/ brazed to one another using heat. This

results in apyg %&ﬁgr#smelﬁgggg@%p%ﬂi tl'%ggﬁ%}aggﬁse%sﬁc@% of

m crostructured conponent t o one anot her and
that 10 esdguifresituciurednemponeit layere thahhaveskéarcjpined toamet aretigerand thehpri si ng

net al s I I I I gh grade
steel) girr?g t a? hk%@ C%és 'Sf QI;@%%@%@ %ﬁgq%ﬁ#%ﬁéﬁr%@ﬁw@hﬁbe éli%angnd one
sol der t or brraeﬁahgllayse(pfreﬁgrablyeﬂalv\amuoyﬂeﬁu rtdj MIaysamigb@mmsﬂepl)lawshsu:aﬁhe
present inventio ona m crostructure
Pomponent s B ehE sifHEy e’ codifo Bndbrataier crbiadhd gging
mul tifuncti dutivebathd mduvmat tATEporRSP RyLR, II'lee (pﬁaééme inventibm g thus baseson af t he
i ndi vi dual co onen%h ?X %md a sol der daZI ng coati P% a plqi ed
t her et o. jOI ng method rm:cros cture component s made of component layersthat

" 15 have at least one multifunctional barrier coating, especially on the joining surfaces

of the individual component layers, and a solder or brazing coating applied thereto. -

When using known joining techniques it has been determined that the joining
bonds are not strong enough in particular when the microstructure component is

20 under high operating pressure. In particular it has been observed that the fluid
processed in the component frequently exits the component when the operating
pressure in the component is relatively high. in many cases it has also been
determined that fiuid 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

25  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 exiremely smalt because'the microchannels have fo 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

30 change the flow channel design such that a joining surface that is adequate in size
is available between the individual microchannels. However, this optimizing



When usi ng known joi ning techniques it has been determ ned that the joining
bonds are not strong enough in particular when the m crostructure conponent
is 20 under high operating pressure. In particular it has been observed that
the fluid worsmesmsegd in the conponent frequently exits pOPEERGIANSNt wWhen
the operating pressure in the conponent is relatively high. In many cases
it has al so been determned that fluid E%ills over fromone flowcircuit in
t he conponent into another flow circuit because it is not possible to
attain an ageIRRe il diPlis RiubiB3inés b fbEIAR Yo Mg tildeSigniin 1lAs not
t he 0 this. e po

al ways been possible t0 determ ne causes ssi bl e cause

may be that deniseg mamnegisshighly feied by theeintrgratisst densityrequicsngrds &nttee ar e

extremely spgl rochannel s have to be housed in a very small
space due to tlhoghﬁ?gh@?%ﬁ]ég?%qtlgon density of the mcrostructure conponent.

Thus it seenmed an obvious neasure for elimnating this deficiency to 30
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M crostruct wite HIGWBAMSME Gualily Merstitebledbtgasd iahll ligliatigh® Behditig of the sheets,
mcrostructure"con})onents COTTB'I‘ISI ng steel qr _copper sheets resol ved the
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probl em wi t Whilgdhe jaining medhed wese shg sheatsiik dideregbangin PalGdadiowelnot her

pr obl emy@r og@rfhfe hdity ABLY n6XNbAG BN ddsRbd §heed utcPdi to¥ theM th high
surface quality azrqe s%itabpg?qfor gas- gnd ?? uin((jjg{ql ght bgr?glaﬁ% of the
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Prgui ot ghPiony epehat o piedtiGhel tidfResifing fiftfonflict® difparehe faRe BT

sheets and gheecanrd liguid-tight whemhighrimterdal presseneds appliest. al | suit abl e when it
comes to the mcrostructure conponent being gas- and |liquid-tight when high

internal pressure is applied. 15 The probl ens .described-are resol ved for the
first tide Dheproblenismdpstlibediammesbieed for the first time by producing the described

coating structure from a multifunctional barrier coating and solder/brazing coating.

it has been determined that the multifunctional barrier coating prevents the
eleménts in the solder/brazing coating from diffusing into the metal base material
20  just as it prevents the elements of the metal base material from diffusing into the
solder/brazing coating. in particular this prevents depletion of the fusible phase of
certain metal specieé during soldering/brazing and thus prevents undesired
reciprocal effects between the solder/brazing coating and the base material. In
. addition, brittle phases are prevénted from forming in the base material and/or in
.25 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 matertal. Furthermore what this achieves is
that the joining partners can be soldered/brazed without the use of a flux. That is,
30 the barrier coating also prevents oxidation of the base material.



coating structure froma nultifunctional barrier coating and sol der/brazing
coating. It has been determ ned that the multifunctional barrier coating
prevents the elements in the solder/brazing coating from diffusi ng into the
met al base waiwesmb7720 just as it prevents the el enents giisgosiRiay base
material fromdiffusing into the solder/brazing coating. In particular this
prevents depletion of the fusible phase ot3 certain netal species during
sol dering/ brazing and thus prevents undesired reciprocal ef fects between
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the initiml safrjing sﬁmbbﬂmcﬁﬁélo@wldwﬁm@trequu%méﬁls IS lsHbl, BBeljtRCeSS are
| owered. In addition rotective process at
and especially corrosnon stability.

The joining method according to the present invention resolves the problems
described in the foregoing that result from the formation of an oxide coating on

20 aluminum materials, especially for joining these materials, and thus satisfies not
only the technical requirements for the product and the manufacturing method and
in particular the joining method, but also the need to provide an option for industrial
and cost-effective production. This is the only way the microstructure components -
can find broad areas of application in the future.

25
The multifunctional barrier coating in particular embodies at least one metal
selected from the group comprising molybdenum, manganese, chromiurn,
palladium, iron, nickel, and alloys of iron and/ar nickel, with phosphorous. if the
soldering temperature is not selected too high, practically no interdiffusion of the

30 elements of the barrier coating into the base material or out of the base material
takes place..



| ow joining tenperatures increases the formstability of the. conponents

whil e 15 satisfying stringent technol ogical quality requirenents in terns of
seal, strength, and especially corrosion stability. The joining nethod
accordi ng we hismopryesent invention resolves the probl erscT/EEsevaiisstd i n t he
foregoing that result fromthe formati on of an oxide coating on 20 al um num
materials, especially for joining these Materials, and thus satisfies not
only the t echni cal requi renents for the product and the manufact uri ng met hod
and in particular the joining nmethod, but also the need to provide an
option for industrial and cost-effective production. This is the only way
the mi crost rile mulifwstipoaldarser aating hasjlnmarhdjla:rettﬁc!qfesamplappmimtelyrﬂ t he

future. 25 Th arrie coatl articul ar odj es at
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the base natsidedbr&fingbbatitiy bR d@%gltéaam%n FurthbAkSR the 3afer\d0a88y 8802773
PCT/ EP2003/ Q11657  -14 The nul tifunctional barrier coating has in particular
a thi ckness '@Paﬁﬁﬂﬁﬁ‘i’hﬁﬂ‘@"@i betwepp the hasermateri apd dhersolderbragindonal .
barrier coatdyafing '”!"Heel,%‘h@f a:éama é@?eias@%ad@b%é %s@ t&‘?al%i&% ted if

the material is dep05|te I n |C|ent ness t he barrler
coating in tiﬁﬁgd%(héré“%lﬂy@fh%mddlqwfﬁbgéfﬁ@lamsp@awefséﬁblhm@nd§61edg'ﬁhllbr azi ng

coati ng 440 l?ﬁeﬂ'ﬁa‘gﬁtrﬁﬁgrel&?ﬁﬂ fdigthernmore the barrier coating also inparts

t he adhe5| veness ween ase mat eri al and the sol der/brazing coating.
The barrier coating forns a reliable bond to the base nmaterial when heat is

ctrength i o EsTEARGRGh 2 onhe S b el R Fe T RSO B 1 e
coat i ng can dlectpplatingwhethots Applidd ae dinl®lesteptetingfmethod for instance for
depositing the barrier coating is _prga_f_eljab!y an electrolytic, eleciroless or - -

15 cemehtéﬁvé ‘f'hetal deﬁds‘it-rﬁethod. Electroless metal deposition shall be
understood to be a method in which metal is deposited from a deposit bath
containing a reducing agent without the external effect of electric current. A
cementatwe method shall be understood to be a methad, for instance, in which the

" metal is deposated from a deposit bath that does not contain a reducing agent for
20 the metal, the metal however being deposited by charge exchange reaction with
| ‘the surface of tﬁe base material. In this case, therefore, the metal is 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
narrow limits when using electroplating methods, it can be assured that the
25 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 to be a soldering/brazing method in which a

30 plurality of elements of the solder/brazing material interdiffuse and thereby form
intermetallic phasas. if only one pure metal is used for the solder/brazing material,



el ectropl ating nmethods. Applied as an el ectroplating nmethod for instance for
depositing the barrier coating is preferably an electrolytic, electroless or
15 cenentative netal deposit nethod. Electroless netal deposition shall be
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| f only one gfihe sokfefbrazing R tbriabbetivien 308 daidus stderbraBheg thatings)e

2005/ 002773 .Pca/ EP2003/ 011657 .15 this nmetal can diffuse 1nto one of the two
j oi ni ng par t HEMSY POt GraRly shiftsa aigher dpmpglialiyeduting the pelderinglprasing ¢ he

conposi t1(0N Fadedd) THKDRS By GmpéHhgIRE jdifing BBhe SduriPRE M &ERAH | Ngs 5 during
t he-di ffusion sol dering/ brazing nethod can be coordi nated anong each ot her
such that ansqldgringdrragiigdeethed geecureosalderingfhraging benp ds aracyally 8daised Thus at
first a veryh g ' FREL InShi \ i ihkf usi on of
the el ement S‘M], o? tﬂg‘l‘(‘i B?@tt_a{rh%br az@%gnﬁglg?[pg%ﬂggﬁﬁ\%eeﬁ%#ﬁ@q%ﬂt%@iﬂh%
sol der/ br azi sWdeyBuezing soatingfirshibegarg melt. it hagrproved pertishiary advantageousher
tenperature ' ala); ' S t emperi ng
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15 . solder/brazing coating and in particular two partial soldet/brazing coatings. In this

case the muitifunctional barrier coating can be applied to each of the surfaces to

be joined in order to prevent diffusion of elerments from the base material info the

joint seam and from there into the base material. A high-melting solderlbrazing

material is attained by diffusion of the elements of the various partial solder/brazing

20 '_coatings into one another. Alternatively the solder/brazing coating can also be '

formed by joint deposition of a plurality of metals.

in another preferred embodiment of the invention, provided for one of the partial
solder/brazing coatings are high-melting partial solder/brazing coatings and

25 provided for the other of the two partial scldet/brazing coatings are low-melting
partial solder/brazing coatings, the high-melting partial soldet/brazing coating
being in particular deposited first and the low-melting partial soldet/brazing coating
being deposited thereafter. This embodiment achieves particulatly high strength in
the soldered/brazed bond. The re-melting temperature of the soldered/brazed

30  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-



sol dering/ brazing method a secure sol dering/brazing bond is gradually
attained with a nelting point that is substantially higher than the nelting
poi nt when the solder/brazing coating first began to nelt. It has proved
parti cul ar lwoaewamtrageous that a sol der/brazi ng coati ngoraEpaéadueed t hat
conprises at |least one partial 15 solder/brazing coating and in particular
two partial solder/brazing coatings. In ttds case the nultifunctiona
barrier coating can be applied to each of the surfaces to be joined in
order to preveq# dif@ﬁéion of elenments fromthe base material into the

joi nt seam afPHNYFOIPREPEZING OMAPAeRsshefarreiing temperagie gap deqgtentionalty

sol der/ br azi pgised®lyEdidihg hiixe srgstBRbnRYordhfefisiafie hlasks KithlLomBE sx&ssidre
various partial solder/brazing 20 coatings Into one another. Alternatively

the sol der/ bigNShEne!iag polgeitinzing compenents: Reagsuie stabifity (hursdse pressus). a
plural ity of whidtplsSvery iingHink Rir rERLRIECAN CIRRSHAMRD s Bfsolpifridull haln.

provi ded for one of t ee(@art_l al solder/brazi'ng coatings are hi

partial s8l dedeprthgisaldesbrazingeraling cemppses theatitet prartial solstenbrazinig t he t wo
partial sold [ | I ' ' j ng
coatings, t hgﬁ%ﬁﬁgﬁ% E@Pte?ﬁg&gg?}? Fgﬁ'g cﬁjd \gt(iaé;r%btdlaegllg F\agzﬂ@c{)%ctaﬁhgg%%ﬁ%f&{a%ﬁ
particul ar dépbsotmetessay, combindtbwitio oneahotheginpthe tstaichismietty of desirechg

ti bei ' f : ' di t hi tj.cularl
hi gh St engt ANPHTORTG Par e b e 24 1 Biied aee e Pyt BrpePal e or
tpe ﬁm der ed e l@menhefmgbmmbh anentsie mimtrﬁzﬁdl & )mﬁb spundingiyu_kfmwdie_i?%emileﬁc thel ection
of the copposition. t artial. solder/brazing coatings. us, for
i ns,t.ance?HEy gpﬁaiagﬁolgﬁﬁlé@gmgfcup @%?@ﬁ%%é@ﬁ’dﬁ@%@%@ﬁ'@%‘@%new
16 nelting S@érﬁﬁé{ebf@ﬁb'ﬁﬁblt}ﬂf&_?ﬂﬁé%bﬁleriﬁ@ﬂrdzﬂq@lﬁﬁe?&u?@@mﬁbé%éf@elé@ﬂh@e |
rai sed by formahq%ém xed crystals and/or internetallic phases

:Mnt ﬁngl gpgla!t @@&?ﬂ'&ﬁa AT ples F‘E‘Wiﬁﬂals\"(ﬂ)(%bf ARG ple et fdbPent s. Pressure
i'z)abi ity (bYpRiHAgHPAASS nfPeratudlisdbolé smaehlélﬁin %Féfhttu Qif tha eli@shis uct ure
nponents, is also particularly high 5 en thé solder/brazing coating
conpri ses t hiteimelaliig phase if theiceenositieg ioh e rastielisvifer/bradng ceatingssioss t he
conbi ned i t hobas Shor B 0 e EALAt I SIENFIALIY s prBirab sclkRRRFRA V.
above the melting temperature of the low-melting partial solder/brazing coating. If
component requirements in terms of pressure stability and strength are not very
stringent, the processing time in both of the cases described in the foregoing can
be shortened in that a tempering step (subsequent temperature treatment) follows
20 the shortened soldering/brazing process. This leads without additional pressure to
improved pressure stabilities and strengths in the compaonents, which can be
sufficient for certain applications. If the available temperature range of the pressure
tool is limited, a pressing process can also be performed at lower temperatures.
Subsequent tempering at a higher temperature without application of a pressure
25 tool also leads to higher component strengths (see examples 2¢ 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,
8.g., by using a cooling press.
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I.

internmetallic phases. In the case of formng desired m xed crystals, the
quantity of the lownelting conponents is mnimzed correspondingly. If the
el enents of the 10 two partial sol der/brazing coatings are sel ected such
that the two sbeoeniss can forma eutectic nelt, then thersetudooiiesy/ brazi ng
tenperature can be set below the nelti nﬂ tenperature of each individual

sol der/brazing elenent if the soldering Brazi ng tenperature i s above the
melting tenperature of the eutectic internetallic phase. if the conposition

of the-partifles ﬁlré’%‘xfdrl@&é&b@%oﬁ@%% Iﬁfgﬁ%idje%np ii@é'i Q&%Qbé%t hei r

eutectic nelt, erature Is era ove the
mel ting terrné‘i‘l'ﬂt?ldﬁéwbﬁt thiseadhigvesds awag/ mid treattnaﬂmbﬂﬁue/mdmiua@cmmmng | f

very st ri noaheSSEREhe Uit e R FRSHIRER Aoy LBBE RE BRI T e
{Teatment) 1 g oyt 20 The shottened gotdet o b SRR opeo y STPCLAC €
;[Nlr 1(:a ﬁf)lr}? nf’%dl @0@%%9%%%?@"?8 S) i H{ﬁf?ﬁ‘b@ p&r{é gtcggﬁppﬁegg)eé%r %t rengt hs
in the comqﬁmth@'maﬂ@) ¢ additiod aumniferth predsars cafrpﬂ.‘oe éﬁérte’ij &n ﬂiélqbinﬁ‘ri?} pariers | T the
avai l able te bure ra e of the pressure tool is |limted, a pressing

process can € g@pgr hewpcass !n&xﬂ?r@aﬁﬁ&%hmgenewgma ondeffper i ng

at a higher théﬁ&ﬁfn tdrPerd o sHE aritidr $Ré b&ﬂp@rﬁerﬁs BF@?%@b@E’ tool also |eads
to hi gher corrponen strengths (see exanples 2c and . tenpering step

conti nues tH¥® q’erﬁéébmmg.ao\faoanmrrm ﬁﬁé@%’f ga7 amasphendergpstanes AEONon of t he
m xed crigst gr}ltréﬁerﬁ ﬁBthér'tS%sQ&rettﬁéf%r 5daﬂﬁ W&&fﬂ% 58 Ratehbl &or NE

shortened s brazing process o I ng assive or actilve,
e.g., by usithg Sald@dbrazw; pealitg. agai mmr@mqmglmaztm/ EP2003/ 011657 17
Therefore work can be done at a very | ow sol dering/brazing tenperature. In
particul ar what this achieves is a very mld treatnment of the individual
conponent |Ehyeecampenartidayess diesprefaralip bohdadie dnedanatiberdhy thaysimesitariesos udi ng

? f’:rge'rol ﬁtgepr g;uﬁ@'o?\rof ﬂjea?taﬁd ppé(sshpeerﬁgﬁmngofﬁgbl r%%%g Wh%ﬁlthé/ 3515893[%%?:'96' _The

1 5 material is meited and using isothermal tempering can produce a very
homogeneous qunt seam that is extremely corrosion-resistant and that is very
strong.

The high-meiting and low-melting partial solder/brazing coatings can be applied on

20 one side or on both sides in different sequences to each and/or, for instance, to
only every second component layer locally or across the entire surface. Preferably
the higl{)-melting partial solderfbrazing coating is appfied first and then the low-
melting partial solder/brazing coating is applied. Iif a solder/brazing coating
embodies at least one high-melting and one low-melting partial solder/brazing

25 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 thié cése the low-melting partial solder/brazing coating can embody at
least one mefal selected from the group preferably comprising tin, indium, and
bismuth.
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5 (soldering/brazing process) is preferably perforned at a constant
tenperature (isothermally). In addition, uniform pressure can be exerted on
the joining partners during the tenpering process in order to attain a
honbgeneouwao »ésigoetze bond of the joining partners to oreEr/Erroeina16s? The
conponents are preferably soldered/ brazed in a vacuumor in an inert gas
atnosphere (for instance argon, 10 nitraqgen) in order to assure that no

oxi de coatings formon the base nmaterial or on the sol der/brazing coating
agai n during sol dering/brazing. The conponent |ayers are preferably bonded
to one anotﬁwﬁ by mellingstheigolderdoaing apatingaaimpisingf thadwe partisl pr essur e.

Form ng f U%o%&/b?%ﬂﬁgﬁomgﬁtgn%@% Slrlé gﬁggé f&gmsléaéneoggiglng ngldwéllvgrd and

usi ng i sot her hoho {'seamthat is
extrenel y oickebsimsenceppst antheonke hmd ama‘,twangﬂor sidiLon gnd/Gn didniugh omehe i ng and

o "on bot h e, RS pkAE R b fingi B BRaPBROT 1t ance. to
Preter abl y e B At N Pt Lol S0l Ge Bt B2 LA COBLA D kg Abl. ed. 1 75t
2nd then { OGSGsRbRAeR BRI haisn B HEraA N BL AP e R 1t o

sol der / br azhaiging esthpérature Thads eeady ab@\?esﬂxe%méfrh lbré%?h%té%ﬂpé%ﬁﬂlr@ne
| ow-nel ting partial solder/brazing 25 coati ng, e hi nmelting partial

sol der/brazing coating can enbody at | east one rret al selected fromthe

group pref ei"t@’th)bkﬁ@é@éi’ tﬁb%ld@rfb@im écbelt'}‘n § is Sretdtabid ro%iﬁ%f Ln this case

the lownelting gartla sol der/ bra2|ng C atlng can' e Ieast one

met al  §61 ecadmi Toselder/brazing ¢natings ats @Isr@@rﬁﬁerablyrﬁyociu% usmnt um and
bi stuth.  SedidniioTBREA0Z 1R ICHORRANASIRA0RR, riSeHausr baRkhEno, ¢ e

sol der/brazin rirsin coati ngs,
an inter rretS@lderkbrmw ma‘tmaf@ndéhlgs theamaptifysdf the depasited intaterial ensures that

the solder/brazing metal does not penetrate into the very fine microchannels of the
individual component layers and stop them up. Therefore.reliable production. of the

15 microstructure components with low flow resistance is attainable with the method
according to the present invention. In the case of a charge exchange reaction -
methed for electroplating formation of the solder/brazing coatings or of the partial
solder/brazing coatings, the charge exchange reaction preferably occurs with the
barrier coating upon which the soldet/brazing coating in particular is deposited. If

20  the barrier coating is relatively thin, however, it can also have pores, so 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
25 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 melis can be selected such that these phases also act as
corrosion protection in the microchannels.
30



ni ckel, and/ or copper on the one hand and tin and/or indium and/or bisnuth
on the other hand. Once the netals of the high-nelting and | ow nelting
partial 5 solder/brazing coating have interdiffused for |ong enough tine
duri ng t enpwnizogs002r73 Sol der ed/ brazed bond results that igciveFvshiegng and
that in particular has a high nelting tenperature that is clearly above the
sol dering/ brazing tenperature. The thickh&ss of the solder/brazing coatings
is preferably approximately I - 10 20 pm The sol der/brazing coatings are

al so preferabl roduced ysin el ectropl ating., et hods. refully

control i ngaﬁ?yé'ngc{)%ﬁqﬂ“r?gurﬁaF‘b?‘%@%“%‘ﬁﬁbﬁ&o@iﬁﬁg‘gﬁm mg@llﬁa'g:?’lpggl;t}qrﬁar mat eri al
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sol der/ br azi &%pnet al, does _not _penetrate into the verﬁ%_fl ne m crochannel s of

the indivi d¥aPng pepedeat timaydineuinerrdne fiat fishbese mekrsiab pufeces wpildp e
producti on. dafrolf@indhl hER VDI fot HRMAREM htnYiEInP ML TRYs RSHUtignce 1S

. _ ine?
attainable with the nethod according to the present ihvention. In the case
of a chaPge nerdfd syEng salsieriogibrazingn d tie soldesbrazingpatingrand ippeeicutar the ¢ he
sol der / br azifgfghi i Datier Shat REpBRkl Blnisri] e HaRR AP ARHIRI S0 thil
charge exchange reaction prerer y occurs w e arrirer coating u
whi ch t he scblieratiligtirazpbiiiyts maginiaingsbovdr derigihy periatspafdimedihe f 20 t he

barrier coatj ' g tiyvel. i wev it _can..al hav res, so that
Phe " Char oo selrlorari BN ¥ pidtelipy S Ehon! 4 RRlf ol BV AR A MBS orer i al
E urface, as coxmioksitio?ﬁrtﬁ/ locd! cdpantig!o gnﬁingftmema,ﬂang,lseraaﬁﬁl?hic,telmtmdsﬁsi buncti onal
arrier layer can .eithe e osi ted excl usive op the joinin
surfacegbo1¥ GPH‘?“%*’}?JH@%’! B‘F%ﬁﬁél@ g{?‘aﬁ%ﬁh%PE‘B'OS%'éCtHEﬁ?é'TC{]%‘HQ%#r?WQQV\gI |'s of
the m cr ochzaaRidscdnipdiemit EREETe BRNbIab&Y 8RS upb il \Gthel Slidtethat astackirBsults.
conposition of the internetallic phases that formwhen the sol&g}r/bram ng

mat er i al nelst"élaﬁe&‘fpwe%ﬂ%f’@ﬂpgﬂ%ﬁ shegls 1§ esolgaidraaing maedal without cor r osi on
protecti on igebiorthatoaRanae matsAtl M RRATLRIIAERGFSRARAVRIIEET byl9 The

m crostructured sheets can first be coated with the nultifunctional "barrier
the barrier coating. By exerting uniform pressure on the stack while heating, the '

e
pon

15 .solder/brazing material melts so that the desired solid-, gas-, and liquid-tight
soldered/brazed bond forms.

Prior to forming the mulfifunctional barrier coating and the solder/brazing coating,
| the base material is first chemically pre-treated in a suitable manner. For instance,
. 20 the base material is degreased and cleaned of surface oxides. For instance, a zinc
| mordant (zincate treatment agent) can also be used that largely comprises a highly
alkaling zinc 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
25 solder/brazing coating, a thin coating of a noble metal must first be deposited from
a solution containing complexing agent, particularly prefeired 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 soldet/brazing coating is deposited as described in the foregoing. Preferably
30 the'high—melting solder/brazing components are used first, for instance copper,



coating and then with the sol der/brazing coating. The coated sheets can be
stored for long periods of tine without worrying that the base nateri al
surfaces would corrode and that then they could not be brazed w t hout using
fl ux. Thuswipobsmntrizs 5 needed during sol deri ng/ brazi ngpcTar208mb1des?/ br azi ng
coating and in particular the nultifunctional barrier coating prevent

tarni shing of the base nmetal surfaces so2@hat solderability/brazability is
mai nt ai ned over lengthy periods of tine. The solder/brazing coating is
preferably forped froma plurali of layers of different conposition by
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cenment ati ve jn@thate fieBRSbE ireiium EhBRF bgmdihe m crostructured and

sol der/ brazi ng- coated conponent sheets are placed one upon the other such
that a stack results. Situated between the conponent sheets is the

sol der br az11AgnEgehels ettidiitint FHEHEUEANGGIEI B MBS IHbR and
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n en e arrler n
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appl i ed '@n tHeSSeEnFr&r ﬁ%gs@%fg@'ﬂvq'ﬁcb'ﬁ@"fﬁgf"ébﬁﬁ‘%.empl‘b&&%I?@’rﬁ?r anyy to be
deposi ted oahR udddl thif AfaCdifeabd bnipityelith tedRkhiacRPe bRfutiigReParel ting
conponent of the 25 sol der/brazing coating, a thin coating of a noble netal
nust first Heamsiyinganss.oiie magyaciuies icepriensniheat exghandgery aagddht |
particul arl ] [ tH _ oW ter be
deposi ted a}sfeﬁkg@&gxr” ?3??@3 t@%ﬁ%@nﬂe‘ﬂ? ag] R@?g%@eﬁﬁﬁéi‘%%%d?ﬁélg a{;:‘ilﬁgﬂglaon and
to avoi d noredeast-cfiegiveiand messmprmdscibleantbisstadimsgthotthen. t he sol der/ brazing
coatirg ks deposited as described in the foregoing. Preferably 30 the

hi gh-nmel ting sol der/brazi ng conponents are used first, for instance copper,
WO 2005/ 00271 (RPeHuEe28ls f@ | ybital laminating system generally comprise two plates,

layers, or foils made of a material selected from the group comprising metals,
ceramics, graphite, and composites. Metal plates and/or ceramic plates and/or
graphite plates are used in particular, one forming the bottom plate and the other

20 onethe top closure for the pressure apparatus. Both pressure plates must
absolutely satisfy the requirement of negligible yoke formation in order to ensure
planar pressing surfaces for applying pressure.

Placed on the botiom plate and used as pressure cushions are preferably high

26 temperature-proof ceramic flber papers as ceramic fleece in a thickness of
approximately 1 — 10 mm, preferably 2 — 4 mm. This compensates for a potentiai
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

30 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



20 gold, nickel, and/or silver, and then the |low nelting conponents are
used, for instance tin and/or indiumand/or bismuth. In one preferred
enbodi ment of the method according to the present invention, 5 after the
phot ol i t hogv@plosgeo2prsocess step, the chem cal etching forcpmEpeiwsiongt he

m crostructure, and the gal vani c deposition of functional coatings as
described in the foregoing for joining 2he sheet stack and/or the sheets
and if necessary non- structured closure sheets that al so have feed and

return connectors for _the fluid ein | vidual or in | tiples, panels,
vacuum | ani i& TR 5 p‘%:ﬁ.scompgqphgl@y a%f’) S%Pk%i e %’ee'”é)e P% 6%{
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al ready enpl oyed in th acture of nultilayer PC boards, for instance.
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cost-effective and nmass-produci bl e and tesSted nethod. 15 Thé pressure tools
for a tyMical |amnating systemgenerally conprise two plates, |ayers, or
foils made H:.al.: Sel
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formation i nnairederset(@ctemaunethemraumcompmmg g@pﬁﬂefmnd @hdamtbwm

pressur PI a 0 botto ate and u essyre cu

D o or atly iggrce S whieh 8 BopERuT At aPIaPe eraeebie RBB BTl A {1 cece
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conpensates for aégotentl fference |n hel ght be%‘\geen t he corrponents and

provi des uniRigsAf KerBRigtasS Ob‘f‘%?‘? | than t ?ﬁ@?keﬂf Toils: sloweyrhaitds glss: e,

preferably rpyigimpd tc%r@ﬂﬁb%%rreﬁﬁérﬁﬂﬂgfdeprééﬁ&'xs mQ:ﬁe %93@9% ﬁnd ‘}:B@ér pae,
sufficient flectional strength, pressure stabi

conduct i vi t ywhigh can thenceifesdke advapta%ofrfﬁgrsw@reera}épt}l q@es (frg»n ﬁﬁwe ang| aced

on 15  below). When using multiple panels, preferably metal or non-metal registration pins

can be used. For this purpose, provided in the struciuring process in the edge area
of the panel are corresponding recesses into which registration pins can be
inserted so that a minimum offset in the components can be assured with minimum
tolerance. Likewise, the registration pins are preferably lower in height than the

20 entire component. However, the panels can also have structural features,
preferably in the edge area of the component layers, that facilitate auto-
registration, e.g., stamped, eiched, or punched depressions that prevent the
individual layers from being offset when stacked. After the soldering/brazing
process, the component layers are individualized from the muitiple panels, e.g., by

25  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
30 (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



the ceramc fiber paper in order to prevent it frombonding to the netal WO
2005/ 002773 PCT/ EP2003/ 011657 21 conponents. The conponent |ayers are
stacked on the internediate plate, either individually or preferably in

mul tipl e pamad mosn0277f30i | s of several conponents are to becrikerigchiady t he
sane time stacked individually or in nmultiple panels, the foils are
separated from one another for instance b32 graphite internediate |ayers. 5
In the case of joining individual stacks t he offset of the individual foils

Is mnimzed_ by the use of eC| S tIOI’ln ratus tion

oi ne, o ¢ emEra RSBz RReRR AP r D0 °E B pieshuie gides W

tenpl ates pr m@s@bkss GreeBEd éﬁataeasmt ‘EMP%' eSidcRl/ M léarsems P agpadEcs NPT i Si ng
graphite, ceramc, and netal , the 10 surface of which is coated with an

appropri at e BRBPREILRASIBEI iy thepaldeinalirmzingprocess e the PressuEdn e c
coating. The; &ﬁh@'ﬁ?pﬁfat&é‘%e%ﬁﬁg %été%h@@rﬁmcﬁa Havaubﬁaeeem@ﬁnnge)%as or

tenpl ates_shoul han”t he’ stack of I s al

possi bl e $o grelingiémeothe e ttiey parspraiersiapddhe thickness @ thepindividuahpartiel er
| at wh d
0t o above. SoRRERRAY s R UARL Bile SAB RS ORIRREN 10> o5

non- et al regostmistheaxﬁewmetalhcqnhas@mrmahm inftbe sbiaﬁedbmzmgmm,drm\geded in the
aLe corre ondi

structuring progess i n the e_ar of . the
ecosses i n Beafignnd Beoliten 3pf ook prterEued i S8 IR EHAp iy
?L fset i nbt :ggpmemnﬂa/maﬁn?eoambl tledi:fﬂustehncﬁrgnmmﬂne tgrﬁitﬁfrﬁmggebm@w se,

e reglﬁ ra 5@159 S ar%ﬁ@% e%geﬁt%:‘ 0 qn e et f
conponen ¢hee g rﬁ'r e tyRe guantity o
preferably i thd ffﬂ?erﬁ”ﬁﬂﬁh@bﬁé’sé%fthhfﬁnﬁWwﬁerlb?é’ﬁﬁéseérﬁafhé fplekidrat e aut o-
regi stration, nped, etched, or_ punched &pttssmns t hat, prevent the

i ndi vi dual | W@fﬁ'%efﬁﬂlsmaé‘?%@a*@fﬁ"yélepﬁ%fﬁ Rarieylaron Wertypes plametals in'the
sol der i ng/ br %lﬂ@gbr&'ﬁ%c@éa‘imgt meorre%m@mterh@amén@éﬁhé Werm&v%ézed from the

mul tiple panels, e.g cutting, mlling, punchin asering. Placed on
the panels oFOmRORRRE ‘ﬁwfﬁﬁl‘%mﬁm@b@ ane anqﬂaerﬂ@mgsatﬂ@aat@neawdmtbgdu s a

gr aphi t eqpl akbeEsAnth ?ﬁ@ﬂ}o‘hp Ihaﬁﬂmaﬂgﬁﬁné A A Rapid heating and cooling
methods shall be understood to be methods In which the speed is in the
neighborhood of more than 5 degrees/min.

In order to achieve a uniform, full-surface bond of the individual sheets to one
20  another, a minimum pressure should be exerted in a uniform distribution on the
stacks to be joined as a function of temperature and the coating thickness of the
solder/brazing coating or partial solder/brazing coatings. In addition to improving
the contact of the surfaces to be joined and therefore to accelerating interdiffusion
~and formation of the intermetallic phases, britfle phase formation and distribution
25  can be favorably influenced by the pressure or avoided alfogether. Avoiding or
distributing the brittle phases is crucial for later strength and cotrosion-resistance.
_In general pressures of less than 0.1 MPa during the soldering/brazing process
yield only inadequate strengths and pressure stabilities.

30 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



the closure to the upper pressure plate. The stack of sol der/brazing-coated
and/ or mcrostructured conponent |ayers 30 (sheets or nmultiple panels) is
then joi ned using heat and pressure in the vacuumor in an inert gas

at nospher e.wde@boszred conditions for the sol deri ng/ br azipag/mpsssesss VO

2005/ 002773 PCT/ EP2003/ 011657 22 are sol dering/brazing tenperatures from
100 - 600C and a pressure under which tHh® stack is pressed of at least 0.1
MPa, especially at least 0.5 MPa. Additional inportant parameters for the
sol deri ng/ br azj g?ﬁ;process are the pressure in the oi ni_.ng ap(%arat us

heati ng r at SYch diglandhgcvediang e patries gortingrrsdr eagt ng ﬁ‘éfﬁc'ﬁﬂﬁa S W'Hb tine.
The three | ahé Basdma0arRl S0OA tﬁé\ethbhﬁaﬁ@hﬁb&mfsxdﬂ of the sbididvt4 partial

sol der/ brazing coatings as wel pressure can in particdlar be
adj ust ed t o COBRRPNEDLS lﬂmhﬁrqt@r@aanms @urmgdwtiﬁgmmm@hlaaﬁ te deplebioief ther azi ng

seam Longer,ieali-a8, G 0 ss $ohA 8L o IRGEYQu

can
cause the elenent's I1n the parti gF SO etrt?%ram ng coatings to dblgﬁzse nor e
i nt o onedanstreagth. On t he ot her 10 hand, the tenpering tinme selected can be
used to control the type and quantity of the internetallic phases that form
in the solder/brazing seam The types of internetallic. phases naturally
depend in ]E)zﬂﬂei pnelfmed)snlﬂbﬁbm;zings:oaﬁngratfamed fromistiversandiign./Aomast mfjableat i ng.
In one prefer

n t he i nyenti t nent rs are
o oag Pt Sl hering PR 3 formee i Ry i Shiaast ah TUPCRtalie PEESS o t he
group incl udmmha@ammm@ndt\g;ﬁﬂ ét pgasd?aalauq;réréﬁébtyﬂm ﬁi&ﬁtuﬁﬂ@'th@g ph&®é Beds
shal | %punderstoo to be in which the speed is in the neighborhood

net
of nor e Phamigmagg 'éég'ﬁﬁ?r‘fv'thlthe&PH@PS'f'B" ﬁ‘@ﬁﬁ"b(@@sﬁ?\ﬂ%ﬁoﬁme@ul | - surface bond
of the Individual sheets to one 20 another, a m ninum pressure should be
exerted in a uniformdistribution on the stacks to be joined as a function
of tenper at Jhe falieping Sigutsaenth gxampler Aes esast toraxplain tiedavemioazi ng coat i ng or
partial solder/brazing coatings. In addition to inproving the contact of

the surfaces to be joined and therefore to accelerating interdiffusion and
for mati on offigeis mseramatid ilusirationof e formatianeofishaviiifinational banriermpating

di stribygi O@md intermetallic phases of the partial solder/brazing coatings on a base material in
four steps (Figs. 1a to 1d).

Example 1:

20 0.3-mm thick AIMg3 sheets were provided with flow channels by imaging a flow
channel pattern on the sheets by means of photolithography (using a photoresist
coated on the sheets) and then by forming the channels using deep etching. These
method steps are well known in the art.

25 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 boitom sheet, were:

1. Degreased (wetting agent containing alkaline solution; Uniclean 155,
30 3 wt.%, trade mark of Atotech Deutschland, Germany);
1a. Rinsed,;



25 can be favorably influenced by the pressure or avoi ded al together.
Avoiding or distributing the brittle phases is crucial for later strength
and corrosion-resistance. |In general pressures of less than 0.1 MPa during

t he sol deri gw@/ fatgapb@ process yield only inadequate streggebmosngdsspr essure
stabilities. 30 Depending on the conposition of the sol der/brazing coating,

the sol dering/brazing tenperature is indge range of 100 - 600C. The
heating rate nust be sel ected WO 2005/ 002773 PCT/ EP2003/ 011657 23 such that
on the one hand the barrier coating can react for sufficient adhesion with

t he base mat eri al2- Ripkled ¢acid piskleh ARUNEfchB ciratle magk ehAioteathideststiifand)or azi ng
conponents into t%; thg@j. coatings during heating nust not |ead to depletion
of the fusible phase, W'th the consequence that the bond does not achieve
sufficient 5 stredgireatebmwitipa eineateccbatiog deighly ali@ling sohdipn rof zine Hydrowide; f r om

silver and tin. A Labl sol der.i.ng/ hr azi [ is forned in this
systemif at | east r@ﬁhgﬁ%ﬁ%tﬂ%dﬁ afg‘r?ééﬁ&egk‘ @Zﬁupﬁ%g%gg’posi tion Ag3Sn (E
phase) ar@ prefer3hlRinsed.addition to the E phase an 10 internmetallic phase

with the conposition Ag5Sn (C phase) are fornmed. The follow ng figure and
exanpl es are used to explain the invention: Fig.1 is a schematic

i 'l ustrati onpad-irbdienent efapetd, 28, 9farii Satvetd padmirirlvidiosidcRbsivagt i ng 15 and
internetallic phases of the partial solder/brazing coatings on a base

material in four steps (Figs. | ato 1 d). Exanple 1: 20 0.3-mmthick A M3
sheets were Rftevhdthashd BodirWsd@RNed BnBmiiPaek Barferidogtihg Ghame! pattern

on the sheets by nmeans of photolithography (Using a photoresist coated on
t he sheel®) spldewrapingcoptingrivete depositRdnr@ntbisusi ng deep etching. These
met hod steps are well known in the art. 25 Before functional coatings were
applied to the walls of the flow channels, the sheets were cleaned and
pre-treated. Fd: Nidkebwas depesitedt(by elactbleds og ekeotrolytis piating), dhidkiestst Dpms heet |

vere: (nickel sulfamate bath from Atotech Deutschland); and
4a. The sheets were rinsed. .
15
The nickel coating acts as a multifunctional barrier coating. Then a thin coating of
silver was deposited on the barrier coating from an electrolyte containing silver
complex. For this:

20 5. Pre-siiver was deposited (by electrolytic plating), thickness < 1 pym (Silber
Trisalyt, trade mark of Atotech Deutschland); and
5a. The shests were rinsed.

Then the solder/brazing coating was formed. For this:
25
6. Siiver was deposited (by elecirolytic plating), thickness 7 um (AgO-58, trade
mark of Atotech Deutschiand); and
Ba. The sheets were rinsed.

30 Silver acts as a high-melting partial solder/brazing coating. Then the low-melting
partial so!derlbrazing coating was deposited. For this:



1. Degreased (wetting agent containing al kaline solution; Uniclean 155, 30
3 Wm.% trade nmark of Atotech Deutschland, Germany); la. R nsed; WO

2005/ 002773 PCT/ EP2003/ 011657 24 2. Pickled (acid pickle: A unEtchS, trade
mar k of At omaxio®enztschl and) ;. 2a. Rinsed; 3. Treated w pbraposeaé® coating
(highly al kaline solution of zinc hydroxide; AluntSeal 650, trade mark of

At ot ech Deutschland); 5 3a. Rinsed. Pre-t2%atnent steps 2, 2a, 3, and 3a
were perforned twi ce successively. After the zincate coating was forned
uniformy, the barrier coating and the 10 solder/brazing coating were
deposited. For this: 4. N ckel was deposited (by electroless or electrolytic

pl ating), thi ck;neﬁﬁvdésrempoéumcpds?Ie{é:%fyﬂaﬁtaqngfl&mﬁﬁéy@2“6 aheEueehsa! and) ;

and 4a. The sheets were rinsed he nickel coating acts as a
nul tifunctional HeadeimarkifHtetegh Dedisshlanghi n coating of silver was

deposited on thg %éréh%tsc\}?éﬁe'rﬂgeafé}{@ an el ectrolyte containing silver

conplex. For this: 20 5. Pre-silver was deposited (by electrolytic plating),
t hi ckness9< 1 pfh. dlﬂeldber Trisalyt, trade mark of Atotech Deutschland); and
5a. The sheets were rinsed. Then the sol der/brazing coating was forned. For
this: 25 6. Silver was deposited (by electrolytic plating), thickness 7 pm
(AgO- 56, tradbe simeets mremmmhemmaewnmmd)watend' heéecoaldibsisdede veraver e

_rl_lhgﬁe? h esP Oa {?gﬁ?g ﬁgg arRinar prhesgl ﬂﬁnar ntldl\r/]iguﬁ?rér p%ferélbly {he muitIB% pca%%‘s'. AJ-

soldering temperature of 330 °C was set at a heating rate of 7 K/min. Once

10 achiéved, the soldering temperature was maintained for 30 minutes. After
30 minutes, the stack was cooled inactively. The cooling phase was 90 minutes
long. A pressure of 4.5 MPa was exerted on the stack during the entire soldering
process.

15  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 barmrier coating made of Ni has been formed on the
aluminum base material (AIMg3), a high-melting partial solder/brazing coating

20 made of silver has been formed tpon 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 to the beginning of the -
soldering/brazing process. The individual coatings are still present. The progress
of the interdiffusion of the partial solder/brazing coafings into one another can be

25 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-meilting partial
solder/brazing coating are still present. Fig. 1d schematically illustrates the

30 conclusion of the interdiffusion after the soldering process has been performed:
Both partial solder/brazing coatings have completely disappeared in the diffusion.



partial solder/brazing coating was deposited. For this: W 2005/002773

PCT/ EP2003/ 011657 25 7. Tin was deposited (by electrolytic plating),
thickness 2.5 pm (Sulfotech TM trade mark of Atotech Deutschland); 7a. The
sheets were wopmesglozz7aand 5 7b. Dried. The sheets were eagrrapdsgdiiest h

dei oni zed water. The coated sheets were stacked in a |am nar press either
individually or preferably in the nmultiplas panels. A soldering tenperature
of 330 C was set at a heating rate of 7 K/mn. Once 10 achi eved, the

sol dering tenperature was nmai ntained for 30 mnutes. After 30 mnutes, the
stack was cool ed inactively. The cooling phase was 90 m nutes 1long. A

pressure of #pé sM?éthﬁétr@‘&fnﬁ[ﬁﬁlt% df ife PHRGduafbbatigstviies eakhmRed Yither i Ng

process. 15 Fi | schematically illustrates the coati n% seguences on the
base material® E%scamngﬁ!ﬂﬁgpn@wa@égomenaﬁ@y dispersve Sranhat ocess: As can

be seen in F el clbﬁg% ormed on the

al um num basggﬁ%%%)rngij%m%@é of:tﬂgtuﬁl 'S'P] mﬁpﬁé%@%gﬁfg SO ?fer/ brazi ng-
coating 20 nade of silver has been forned upon each of these, and finally a
| ow nel ting %%Itnb?ézsol der/brazing coating made of tin has been fornmed upon

each of thes 1 billustrates the formof the stack prior to the
begi nning of the solderlng/bra2|ng process. The |nd|V|duaI coatings are

il h f th f f |
Zol der | br asi R POSHTuIEl FRpes st Wit b ion Eh3ade o bR Rt i1 ¢

the barrier cminemgatt@ﬁa:rcmmr@bwbymémoﬁpmﬂomﬁ@grabuﬁhnurthQrmerI als,
parti al 1[§1t e(&]dl ffusion of the partial ,solder/brazing coa al r eady

begun, ediAPSls ysindAesR Siching aggR SHampiab B BWW'O'E%;‘}S? GEWHF t he

hi gh-nel ti ngaparéd 18lthé® Vall€ of MBI EhRdls, e SHebtpweRd &1b9ﬁe@fan& Bre-fredtede! ting
partial solder/brazing coating are sti IT present. Fig., Id schematically

il lustrates Fﬁ%’fh@t%ﬂ&ﬁﬁl ingludingcruer sheet and pokiorshaet. averehe sol deri ng
process has been perforned:

1. Degreased (wetting agent containing alkaling solution; Uniclean 155, 3
15 wi.%); ‘
1a. Rinsed;
2. Pickled (acid, Uniclean 675, trade mark of Atotech Deutschiand);
2a. Rinsed;
3. Electrolytically degreased (alkaline Uniclean 279, trade mark of Atotech
20 Deutschiand);
3a. Rinsed;
4. Microetched (pickling, acid; Uniclean 697, trade mark of Atotech
Deutschland);
4a. Rinsed.
25
Then the barrler coating and the solder/brazing coating were deposited. For this:

5. Nickel was deposited (by electroless or electrolytic plating), thickness 5 um
(nickel sulfarnate bath, Atotech Deutschiand); and
30 5a. The sheets were rinsed.



Both partial solder/brazing coatings have conpletely disappeared in the
di ffusion. WD 2005/ 002773 PCT/ EP2003/ 011657 26 The stoichionetric
conposition of the individual coatings was determ ned with SEM EDX

(scanni ng eleebgseo7i3 cr oscopy/ ener gy-di spersive X-ray) ardveeanheggonded
primarily to the internetallic phase Ag5Sn (4 phase). 5 Exanple 2: 0.3
mmthick Cu sheets were provided with fl @® channels by inmaging a fl ow
channel pattern 'on the sheets by neans of photolithography and by then

formn 10 the channel s usjng deep. etching as in Exanple 1. Before
functi gnal ct‘?ﬁ M5 %Qﬁ@?‘@géﬁ’ﬁl%@"} frprdional W’@TGWQQR lien iR ceptng ehe

sheets were gheanes dépasiﬁicﬁoﬁ thedRfler coalihg 'f'r?insan ble8trS &éntaihﬂ? i9kng cover

sheet and bottom sheet, were: 1. Degreased (wetting agent contdi ning
al kal i ne sol SRMBYRX- GNithiSean 155, 3 15 wt.%: | a. Rinsed;: 2. Pickled (acid,
Uni cl ean 675, trade mark of Atotech Deutschland); 2a. Rinsed; 3.
El ectrolytically degreased (al kaline Uniclean 279, trade nmark of Atotech 20
Deut schl gnd) ; SaPrabilves was4lepnbitechiby ahaadro(ylic plating, thimkhess i wrh ¢8iktbes 97,
trade mark of At?ﬁ%]g[' tschland); 4a. Rinsed. 25 Then the barrier
coating and the so ?’I razing coating were deposited. For this: 5. N ckel
was deposited EhyTlet sieeetsmessrinsed| ectrol ytic plating), thickness 5 pm
(ni ckel sul famate bath, Atotech Deutschland); and 30 5a. The sheets were
rinsed. :

Then the solder/brazing coating was formed. For this:

10
7. Silver was deposited (by electrolytic plating), thickneés 10 um {(AgO-56); and
7a. The sheets were rinsed.

Siiver acts as a high-meiting partial solder/brazing coating. Then the.low-melting
15 partial solder/brazing coating was deposited. For this:

8. Tin was depaosited (by electrolyiic plating), thickness 3 pm (Sulfotech
T, ‘ |
8a. The sheets were rinsed; and
20 8b. Dried.

The sheets were each rinsed with deicnized water.

The coated sheets were stacked in a [aminar press either individually or preferabiy
25  inthe 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
30 and cooling began after the soldering temperature was achieved, with no
holding period. The stack was not actively cooled. The duration of the



WO 2005/ 002773 PCT/ EP2003/ 011657 27 The nickel coating acts as a
mul tifunctional barrier coating. Then a thin coating of silver was
deposited on the barrier coating froman el ectrolyte containing silver

conpl ex. Fowotdbsio2m36. Pre-silver was deposited (by el egé¥ebyidiaigahati ng),
thickness < 1 pm(Silber Trisalyt); and 6a. The sheets were rinsed. Then

the sol der/brazing coating was fornmed. F@g this: 10 7. Silver was deposited
(by electrolytic plating), thickness 10 pm (AgO-56); and 7a. The sheets
were rinsed. Silver acts as a high-nelting partial solder/brazing coating.
Then. the | ow mel ti §§olingpiasewas armIPyAd Bira A Mgsewal A MEs wepexstad. For

this: 8 Tin was de | ; ' | t hi ckness 3 pm
(Sul fotech TM; 8a%$h%%gi?gg¥gﬁ %r%eéﬂrﬁggrg?ﬁgﬁgw%&%. Dried. The sheets

were each rinsed with deionized water. The coated sheets were stacked in a
| am nar press eitherndivi I ab) L ' rﬁa:?els.
Then the foll ow ng gglre{%?y d@?‘ léﬁ{ess(%/esrg #ng?ﬂ' a%ﬁf?g%:%ﬁrs?%éﬁtggéﬁg%ﬁn@saﬂ % he
sane design but w t Ivedi liflereiatt rgtea(8i084). Pheopanporentsvemker dn ther design adedA

sol dering tenperature,of 250C was sgt_at.a heating rate.qof 7 K/mn. 30 and
cool i ng began after ' HU® Eﬁrﬂéﬁiaﬂa V{"@}'&)E?%qrﬂPg’%ﬁmgﬂﬁﬁé\f/gdf‘"wqrhaﬂwneﬁol di ng
period. The stack wpsessdre mchevatge sfapiostibar] TRe dumpbbition of tHehe WO

20051002773 PCTYEPZQUL LIS, o 2 602 ol i SNBSS o

that the high-melting and the low-melting partial solder/brazing coatings
10 were in the main still present in their original forms.

b) A soldering temperature of 250°C was attained at a heating rate of
7 K/min. Once attained, the soldering temperature was maintained for
30 minutes. The stack was not actively cooled. The duration of the
15 7 cooling phase was approx. 60 minutes. A pressure of 4.5 MPa was
exerted on the stack during the entire soldering process.

The components, with a design identical to that in trial ) and with a
botftom plate thickness of 1 mm, leaked at an inner pressure in the range

20 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 AgzSn (& phase) had formed.

25 ¢) Components that had been joined in accordance with trial a) were
thermally post-freated 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
30 pressure of approximately 30 bar. The composition of the solder/brazing
seam was determined with SEM/EDX and demonstrated that in addition



on the stack during the entire soldering process. The conponents
denonstrated pressure stabilities of lower quality and a 5 very high reject
rate (80% . The conponents |eaked in the design used in this exanple and
with a bott wo phsée7tshi ckness of 1 nmwith an i nner prepewER2003M011é5e I ange
of O to 2 bar. The conposition of the solder/brazing seam was determ ned

wi th SEM EDX and denonstrated that the R@h-nelting and the | ownelting
partial sol der/brazing coatings 10 were in the main still present in their

original forns. b rat re of, 250 atfai ned at, a heatin
ralt gl of 7 K/ min. ) ﬁgig‘?ﬂ hn‘@gm %‘?:ﬂ'g?@’rmﬁ ing & S@Fggﬁﬁlﬁ‘m Pg$ned :‘o?
30 minutes. The Stadhe%&s@@ftmﬁmﬁ(l@gsme fﬂi@se)‘éﬂﬂdﬁé phasd of fhe 15

cool i ng phase was appr ox. pressure of 4.5 MPa was exerted on
the stack during th Oé'ﬂi?(?ﬁ"‘é’"s&@@r(ﬁﬁba?ﬁ)@@ésf@rm%e corrponents with a design
identical to that in trial a) and with a bottom plate thickness of 1 mm

| eaked at _an inner_pressure in the raﬁgg@szo of 10 to 15 bar. The

conposi ti8n of th8) SoFElEering femprjates SCoazertiinedialw hraBmvaeRl and
demonstrated that |1y Rifh!drf bl tﬁ%@oldé}kghce pHItS Balattdifed ewg&%@gﬁgs

parti al--sol der/brazing coati ng e conposition
phase) had for nmed. Zﬁaegwﬁbnpdmkhm;ﬂmaa'fhmadcibwﬁ nobacdtbely eoded difdance with

trial a) were ther = j for i
tenperature of 330 h?%@ﬁﬁ%%é@@f@iiggl% %ﬁ&fe&@ rg-ﬁﬁf%éﬁgﬁor%%%‘%érﬂ?s. In
t he subsequent bur st4.5 842 wabexedapon thd statledlrird; tht entiré solderii®Ppocessur e of
appr oxi ely 30 bar. The conposition of the solder/brazing seam was

rrzg I b h iti f th | der/ br azi

n

determ with SEM EDX and denpnstrated that in addition WO 2005/002773

PCT/ EP2003/ 011657 2thd mm;hmémg vitiied 8é ﬁl@dﬁéﬂh@o trewareial amdom\hm@b

sol der/ brazi ng coatl s hase of t conpasition Ag3Sn hase) and
~the phase of the om plate thickness of 1 mm, \6aked In the subsequent burs ing tes

at an inner pressure in the range of 5 to 10 bar, The composition of the
. solder/brazing seam was determined with SEM/EDX and demonstrated
15 thatin addition to the high-melting and the low-melting partial
| solder/brazing coatings the phase of the composition AgsSn (€ phase)
had formed.

o €) Components that had been joined in accordance with trial ¢) were post-
20 freated in an oven for 30 minutes at a termperature 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

25 solder/brazing seam was determined with SEM/EDX. Analysis
demonstrated that in addition to the high-melting and the fow-meilting
partial solder/brazing coatings the phase of the composition AgaSn
(e phase) and the phase of the composition AgsSn {C phase) had been
formed.

30



conposition Ag5Sn (~ phase) had fornmed. 5 d) A soldering tenperature of 330C
was attained at a -heating rate of 7 K/min and after the sol dering
tenperature was attained cooling took place with no holding tine. The stack
was not acti Wél2powe17ead. The duration of the cooling phaserwemoaapesex. 90
m nutes. A pressure of 4.5 MPa was exerted on the stack during the entire
sol dering process. 10 The conponents, w 80 a design identical to that in
trial a) and having a bottom plate thickness of 1 mm |eaked in the
subsequent bursti q_jg qt:'est at, an inner pressure in the range of 5 to 10 bar.

fi/ t

The conposition o gmpepeifsthathas brgndeinrs Whacopedatas WEE R ehvaiem EDX and

demonstrated 15 t haghetiafisthdtitAtddintdhCovdn@br 3@ hiinites and tdhiferafite B8l ti ng
partial sol der/brazing coatings the phase of the conposition Ag3Sn (e phase)

had formed. e) Conpodéhfs Whesgbyaarasedre §idh-hMPa was exetemher thaganmpanenti c)
were post- 20 treat ; : iAWt es at a tenperature of 330C
P equriry RB &ﬁ@é&ﬂ%@a gg}n;ga'. mp

W t hout pressure belngexerte onents. The conponents | eaked in
the subseduent burst test at an inner pressure in the range of 35 to 40

bar. Th iti i L ned,_ W

SEN EDX. Analysi s aerdPafeyS B foaciahng saRRt el SRR g ¢ ne
| ow- el ting parti al peebuterdfl®OdrErnthe cahpositornt dfdhe lsakler/bfazriteseammpasi ti on
Ag3S h d h Of i Li Ag5S had .b
formed. 30 W 2005 GPSTENBRB UL TR B aieEa full 8 PhaRibtd heen
joined in accordancetheigomgosition Ag:SWHE Bhadd)ehddrinyardpiie dongRisttibni Ays8A oven

for 30 mnutes at a fenperature, of
10 & prlq%se) were formed.

These results demonstrate the qualitative connection between soldering/brazing
temperature, soldering/brazing duration, and pressure in terms of the burst-
_ resistance of the microstructure components. The absolute values of the burst

15 pressures are highly dependent on the selected design and the thickness of the
bottom. plate and can therefore only be compared between components of identical
design under identical conditions. Overall, however, the trials demonstrate that for
instance the processing iime at a temperature of 330 °C can be substantially
shortened and the burst-resistance can be substantially increased by a

20 subsequent tempéring 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 siiver
and fo the mixed crystal. A further increase in burst-resistance can be obtained by

.25 Increasing the silver coating thickness, holding duration, processing
temperature(s), and pressure.

The method described herein can be used fo intentionally obtain the product
properties as a function of process costs.

30
The invention is explained in greater.detail in the following. Specifically,



330C, whereby a pressure of 4.5 MPa was exerted on the conponents during
the entire tenpering period. 5 The conponents did not |eak in the subsequent
burst test up to an inner pressure of 60 bar. The conposition of the

sol der/ br azwogom@azmnas determ ned with SEM EDX. Anal yspcr/ciesmasissat ed t hat
t he phases of the conposition Ag3Sn (a phase) and primarily the conposition
Ag5Sn 10 (r; phase) were fornmed. These Bdsults denonstrate the qualitative
connection between sol dering/brazing tenperature, soldering/brazing
duration, and pressure in terns of the burst- resistance of the

m crostructure conponents.. The absol ute val ues of the burst 15 pressures

are hi ghly deigeRdents Dsctidneatiadress-gsttidasl illistaitidniofa dodeHnatnszing stri6ure
bottom plate and can_therefore Ort}clg%\ be conpared between conponents of
A

i dentical design ur‘{ﬂ%‘_rmicﬁ%?ﬁ‘tuic%? @neM8ns. Overal |, however, the trials
denonstrat e gigakb{ Ofs a sétdniditiaop HRWINIGSRTDN atatdl@erﬁ{gnﬁa&iﬁa%%ggm% @itaf 330 C

can be substantially shortened and the burst-resistance can
subst ant i%l | y i ncr eRierpshyctyrecompaaiigient tenpering step without additi onal

pressure. |ngjyhg. ex lcerbQLE&RB Bl ’ ' TQ.H& ' | QG
l'i nked to theIEJ st re%égt)ﬁtgﬁg% %C?rr&r’r%tc% on ﬁ?l t %Hlieﬁ%%‘srrﬁéﬁaF |cgit|o‘="haggé 'ﬁ%ﬁ"ﬁls
more enriched with shitrstructareicoroperentsti xed crystal. A further increase in

bur st-resi st@gpncg. ca j ' [ ' i ng
hi ckness, RaPtitng B0 o aritedf8 vt ooy BB TR it frich R 0B, 09 11
nmet hod descri bed hecempooantsbe used to intentionally obtain the product

O oat er - 1Cer8h 31 n FSTSHR 0 e Ry AR
PCT/ EP2003/ (Figi6ba: i3l Sdtematie'top siedy Sichemiiate it bastone ehibwadghentt | ustrati on
of a sol der 'r-“:&’ B{Ja Zf.snags%err#aﬁrlc%u%tration of a detail from Fig. 6a;
Fig. 7:  is a schematic top view of a multiple pane! with registration bores;
Fig. 8a: is a schematic cross-sectional illustration of a soldering/brazing structure..
15, - for soldering/brazing muitiple panels;
| Fig. 8b: s a schematic illustration corresponding to Fig. 7a.

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



Wi th mcrostructure conponents; Fig. 2b: is a schematic top view
illustration of a soldering/brazing structure with 5 mcrostructure
conponents; Fig. 3. is a schematic cross-sectional side elevation of a
tenpl ate foyor@@hsdyey i Ng m crostructure conponents; Fi gorfr2003/0868Cchemati c
top view of a conponent nmount with mcrostructure conponents; 10 Fig. 5: is
a schematic top view of a tenplate in a Bgrst enbodinent; Fig. 6a: is a
schematic top view of a tenplate in a second enbodinent; Fig. 6b: is a
schematic illustration of a detail fromFig. 6a; Fig. 7: is a schematic top
view of a nultiple panel with registration bores; Fig. 8a: is a schematic
cross-sect i opgy, 4ii4 blﬂéé-ﬁr%wafh Smorih ﬁﬁj’uhga{tﬁmao%&uémwe&mpﬁnents 85Ther

sol dering/ brazin panel's; Fi schemati ¢ | ustration

cor r espondi ngHares cglremmnmgntszﬂaarel reglgtar%d we displaensblergisteationfapparatus

sol deri ng/ br t Wl
mi croconpone%t%ﬂsd%%réa&igqrgggfag?grae in aﬁzagétpéglﬁsfkr gatnﬁ ﬁ%@e?‘e%g{ﬁﬁd) in the
bot t om pl&at eamgpar#iue Osandeabsorbgpihiei fontewdf theoelaswpingeapparaius 10, The@somse cushi ons

2 corrpensatl . | vidua ] 0

enabl i ng uni g'rcrgn%ptggd;??@é ) %l?lﬂ%tt%%sﬁon fg?%e !;%B’%; éq’g‘%‘%?&gg%%]@&@?"“ﬁﬁ?@%

sol deri ng/ bremnponests 8bydhe redistration dppareée9 bhdthd blamphg) sppartiuven goions 4
are nount ed On[ﬁ&ﬁg bottom plate 6. The m croconponents are | abeled with the
25 reference® 3. F g. 3 is a cross-sectional side elevation of a
tenplate 7 for registering mcrostructure conponents 3. The mcrostructure
conmponents 3 _are separated  fromone another in the tenplate 7 by

i nt er meditt eFigh 2d22 tep-viewdf A feginiate £p hhe gﬁcrggtrqq:tarq)q;cyggqn@@ 8% 1, pressure
cushi ons 2 Cl‘é@%?é?éé%a‘\%sh@ét%tlétepaﬁw&%ﬂréﬂﬁtes'vﬁfﬂ %ﬁrﬁpaozmméocormonents 3,

t hus enabl i ng uni form pressure distribution. 773
PCT/ EP2003/ Omipsgstruchige components 3 are pushed into the template walls in the template 7

on two sides.

15 Fig. Ga is a fop-view of a template 7. The microstructure components 3 are
registered by means of a pressure plate with registration screw 13 that is moved
via a set-screw 12. The microstructure components 3 are pushed into the template
walls in the template 7 on two sides. Fig. 6b is an enlarged illustration of the

- setting apparatus. It illustrates the registration screw 13 with the sei-screw 12

20  (direction of rotation indicated by closed arrow) in detail. The microstructure
component 3 iliustrated 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,

25 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.

30 Fig. 8a is a cross-sectional side elevation of the soldering/brazing structure for
soldering/brazing multiple panels 14. The muitiple panels 14 are registered using



Fig. 4 is a top-view of a conponent nmount with m crostructure conponents 3.
The mcrostructure conponents 3 are registered via displaceable

regi stration apparatus 9 that are noved via a clanping apparatus 10. A
frame 8 guiwl@seost@7r3egi strati on 5 apparatus 9 and absor IpeTiHrE00b/0rI6T Of t he
cl anpi ng apparatus 10. The arrows indicate the direction in which a tension
force can be exerted on the mcrostructug® conponents 3 by the registration
apparatus 9 and the cl anping apparatus 10 for registration. 10 Fig. 5is a
top-view of a tenplate 7. The nmicrostructure conponents 3 are registered

vi a respect iexeriogy &ttarhed eaglsivatiop pinsekthat ane epneaigd te interrpediatel I3te8 Sr uct ur e
conponent s ri&s [ratO; S, 44 I on two
oi dos. 15 Fi e IBnMEESeBoIrk oL ETH, HEpiEanS b L PRt SIE cbfote 2
conponent s ®n&uks urnifgginqaresside Wistihedios. [ig. 8b fa asdlustatinneearrasponding ¢e Eig-at i on

screw 13 th i | - ] t ns@q@pnents 3
are pushed {%tr?f gﬁ?@@gﬁ'g}lﬁgt&[gqﬂsﬁhrs@l&%%% E%%grlag’t) gb%oﬁﬂfa\%\%kgnges. Fig. 6b
i s an enbar dadugh thestagigtiation dbreshts indbe truttiplaparelatidshat areiillusireteddties t he
registratio ié(:;;ew 13 with the set-screw 12 20 (direction of rotation

i ndi cated by ¥l 0dsed arrow) in detail. The m crostructure conponent 3
illustrated is pressed in the direction of the open arrow agai nst the
opposing wall of the tenplate 7 in order to align the individual conponent

| ayers wth one another. 25 Fig. 7 is a top-view of a multiple panel 14

W th regi st 1gsiaReRGREthabihe b@nipld, ighds shaptisodifiefRBYsCABe®hdei @i ty of
mcrostructure sheets 16 that are used to manufacture m crostructure

conponeifs. forllysiaiive puenoserpilhend st vanausreoditeationn end shapdes © Bhar at ed
after sol deghdlabbidabiigs céﬁhbﬁiemo?@ 8f fedt o HOAHAE i tl‘ﬁ’é‘ﬁ%flﬁ,‘taﬁgt? g)msw&t ion of

t he sol dering/brazing structure for so ring/ brazing panel s 14.

The nul ti pl sugaested ta persoes siiied inethe artuandrage Wobe GUBAGBLWIHEN HeT SEFLABR/ 011657
33 exterior @&Bﬁ%\{«gﬁ &Eef’dés%?ibé& {r¥ehith Bd'itdlin the bediPor 1B 2pEEAGkd Baims.

i nt er medi at
All publications, patents and patent applications cited herein are hereby

15  incorporated by reference.



The joining pressure is introduced via the pressure tool 1. Pressure
cushions 2 ensure uniformpressure distribution. Fig. 8b is an illustration
corresponding to Fig. 8a. The multiple panels 14 are regi stered by

regi strati onopiosmo47t hat are inserted 5 through the regirctrerRiosniiosn es 15 in
the multiple panels 14 that are illustrated in Fig. 7. It is understood
that the exanples, figures and enbodi nen84 described herein are 10 for
illustrative purpose only and that various nodifications and changes in
light thereof as well as conbinations of features described in this
application will be suggested to persons skilled in the art and are to be
included within the spirit and purview of the described invention and

wi thin the scope of the appended clains. Al publications, patents and.
patent applications cited herein are hereby 15 incorporated by reference. WO
2005/ 002773 \RéirigdtdfdneRisl 657 34 Listing of Nunerals 5 1 Pressure tool 2
Pressure cushion 3 Mcrostructure conponents 4 Registration pins 10 5
IMemmWMeFHMes 6 Bottomplate 7 Tenplate B Frane 9 Adjustable

regi stration appgrat Upregsutetod? C anpi ng apparatus 11 Pressure plate with

spring 12 Set-screw 13 Pressure plate with registration screw
Pressure cushion

3 Microstructure components
4 Registration pins
10 5 Intermediate plates
6 Bottom plate
7 Template
8 Frame
9 ~Adjustable registration apparatus
15 10 - Clamping apparatus
11 Pressure piate with spring
12 Set-screw
13 Pressure plate with registration screw
14 Multipte panel
20 15 Registration bore
16 Microstructure sheets



14 Multiple panel 20 15 Registration bore 16 Mcrostructure sheets 11 35
Clains 1. Method for connecting mcrostructured conponent |ayers (16) which
are suitable for producing mcroreactgs, mcrom xers and m cro-heat
exchangers (3) and conprise materials selected fromthe group including
netals and netal alloys, the conponent |ayers (16) are stacked and then
sol dered Chaims t he effect of heat, characterised in that at |east one

mul ti functional barrier layer is applied at |east on joint faces of the
conponent |ayers (16), and a solder |ayer is applied on the at |east one
barrier | aydvethodifudl connddiing ntidrestmetured voroporemélaybes (1 Bewhichpes sidtabjerfoses  at

I I . , : i Si | :
chr o um pal PG9St ety ils 448 iERNesF SRehMBe R Bl ect e
from '([j hﬁ g{ ouatlceﬂgjsrpeliesﬁed@oh’::margmd) incloding rnn'ta':ltn an@hmqj_laﬁoy:s théconﬁqz}tmlagud Com
accordi
the groug cgaﬂ%rrgbﬁérea%g%eﬁi %%th%fg?#j%ﬁé%ﬁé?rltgggf@%%&bg%t: °@%’§B§"F's§ﬁ|"gys and
sL ainl ess sthemtsleas:Bone/ﬁftdlttﬁui'llcﬁion@rbdrrmg |latyer srapplidd atHeaqiloa_cjc?J;iu fa_gescd;faherncsi, _

t N t
Cr et e = pul A Thv i Y e S REa ik o S oSl BB L0
I n thgf{ th;a amdllddeh?trt??]gmtrbwmre srimlsf.)arr:'qu:laraec:nrﬁglsustahﬁgazt dﬂqjﬁeiaﬂﬁsilmpﬂﬁgTder O
Form t e sorepengebRahb FESRE, BsMBanss2Pit. 2aliodity. i, rick) 4
Met hod accorallbygjoftal leaseond mekat spleeted dongthe lgeoupssongdniangdtoararsledckenwitthat , i n
order to faqormthe solder |ayer, two solder partial |ayers are applied. 7.

Met hod accorp(lj}loﬁ@q%r%s'one of the clainms 5 and 6, characterised in that the
solder partial layers are at |east one high-nelting and at | east one

| ow el ti Bg I\ﬁ&hgg 50&%%&1;'_1 ?ol claim 1, characterised in that the materials are selected from
the group comprising aluminium, aluminium alloys, copper, copper alloys and stainless

steels.

3. Method according to one of the preceding claims, characterised in that the soldering
process is a melt diffusion soldering process.

4. Method according to one of the preceding claims, characterised in that the soldering

process is implemented without flux.

5. Method according to one of the preceding claims, characterised in that, in order to
form the solder layer, at least one solder partial layer is applied.

6. Method according to one of the preceding claims, characterised in that, in order to
form the solder Iayer, two solder partial layers are applied.

7. Method according to one of the claims 5 and 6, characterised in that the solder
partial layers are at least one high-melting and at least one low-melting solder partial

layer.

8. Method according to claim 7, characterised in that the at least one high-melting

solder partial layer is formed from at least one metal selected from the group



| ayer. 8. Method according to claim?7, characterised in that the at |east
one high-nelting solder partial layer is fornmed fromat |east one netal

sel ected fromthe group 36 conprisingegilver, gold, nickel and copper. 9.
Met hod according to one of the clains 7 and 8, characterised in that the at

| east one lownelting solder partial layer is formed fromat |east one

met al sel ectogthprisiogsilves, ggjd.igketampedppeng tin, indi um and bi snuth. 10.

~Met hod according to one of the clainms 7-9, characterised in that firstly the
at least one high-nelting solder partial |ayer and then the at |east one

| ow- el ti Bg M@th@gacc%ng tcaﬁne ef\tee clalmsiépod Bt chiraeterised dnthad thmat leastens.  11.

Met hod accong,l rﬁgalﬁrﬁjl 2 ne OP%{% eléi(gﬁ’n a from-at: Ie%@%fmé?ﬁe@él sofltddrdni e t he

conposi tion parti ayers are chosen such that
during sol degftbtmgcfaﬁprlsﬂnﬂtm,mdi'-mtaedbismuti’an be fornmed. 12. Method according to
one of the preceding clains, characterised in that the conponent |ayers
(16) are connected to each other by isothermal soldering. 13. Method

accor di ng19.dMethed a¢cordieg o enscefithecleines 79, characterisedin thatifirstly iz attlbast
conponent f t 1

applicati on%cé'% rﬁ%r{éé@ﬁlgﬁé‘c?@%ﬁ g”%getggﬂf%qﬂhgw%é?t S'%%%'ﬁ%é one of

t he precedi magri@l b:yﬁsl,sd@haﬂ@dmrthseqmpmemtmretshe conponent |ayers (16) are
connected to each other by at |east one rapid nmethod selected fromthe
group conprising heating-up and cool i ng-down. 15. Method according to one of
the precedif.ifetbodaenordiog éo ons efithe elaim:S t hdtchavacteriserin that thepdompesttion at a

tenperature dn'a thi ngrbersg%? e?Jolld]ng?ﬂgl I??%gre ots%n §Lﬁiﬁ1§{ §uri Jerin&/% ch the

stack is conpresse I Ng T1me 1 n°the range
of 0 to 60 Imﬂlai catettiacamhpéoraedre treatnment is i nplenented with a tenpering
time in the range of O to 60 mn. 16. Method according to one of the
preceding clainms, characterised in that at |east one |ayer, selected from
t he gr oupliZdighodacapraing to éneneftthe pedceting ciagms, Ichpeacterisedyin-thrat theng

component layers (16) are connected to each other by isothermal soldering.

13. Method according to one of the preceding claims, characterised in that the
component layers (16) are connected to each other by simultaneous application of

heat and contact pressure.

14. Method according to one of the preceding claims, characterised in that the
component layers (16) are connected to each other by at least one rapid method
selected from the group comprising heating-up and cooling-down.

15. Method according to one of the preceding claims, characterised in that soldering is
implemented at a temperature in the range of 100 to 600A°C, at a pressure, under
which the stack is compressed, of at least 0.1 MPa, with a holding time in the range of
0 to 60 min and a temperature treatment is implemented with a tempering time in the

range of 0 to 60 min.

18. Method according to one of the preceding claims, characterised in that at [east one
layer, selected from the group comprising multifunctional barrier layers, high-melting
solder partial layers and low-melting solder partial layers, are formed by means of

galvanochemical methods.



sol der partial layers and lownelting solder partial |ayers, are fornmed by
means of gal vanochem cal nethods. 37 17. Method according to one of the
preceding clainms, characterised in thag;the conponent |ayers (16) are
soldered in nultiple printed panels. 18. Method according to one of the
precedi ng clains, characterised in that the conponent |ayers (16) are

sol der ed 1. Method @gcerdingde dné afiheareécegingradaims, diaradterised imthedtitd ng t o one of

t he precedi n&br%d’ﬂeﬂplw(%@ngq%&g%bgrg%drlrﬁg}ﬂ% rﬂ%ci er aﬁwl dering, material

plates or |ayers or selected from the
group conprising netals, ceramcs, graphite and conposite materials are used

s Presspeubthsctding20 ond B mcbré&eamgdeumst&aqaﬁeﬁge& W g i N cl ai s,

characterise I"der I S-used as

pressure custanaprneny layers (16are sdidarsddn diciiguit oash &rnonatingeprpssecedi ng cI ai ns,
characterised in that, during soldering, registration devices (9),
registration pins (4) or tenplates (7) are used for registration. 22.

Met hod acdaruewngdta@cw@grto 2ne ot themaeredingsiaimsncharaeterised i thatt duingon devi ces

(9), regi Stécﬁ&ér%g ﬁ’&'afb?ua éléte@ La%]%' Hifrfs Whikh SRR Hé%f?rﬁ%érfél k@%&ﬁ%glﬁ%m ed

fromthe group , ceram cs and net

accor di ng t othergeousf cmlsmgenetaISngeremsmnapbltmalut@mp@da nateridiaare whediasg
sol deri ng, SIB gﬁ}rgﬁc?cls ﬁatures of the component |ayers (16) are used for
auto- registration Met hod according to one of the preceding clains,
characterised in that, after the soldering process, the conponent Iayers

(16) are L3olaiad ok %;% ESQ? 0 :e éJC%l%g r@r i Pnb”&har%teh@é&m mbtttdd?ﬁllg 25.

M crostructured conpone mihe g

m cror eact or@ldermcc@mcamuwdcﬁscﬁ nbreareurezuﬁmmé‘ﬂs corrprl si ng a stack of
m crostructured conponent |ayers (16) which are connected to each other and
conprise materials selected fromthe group including netals and netal

al | oys, cl2drMethediaseerding to hne of the preceding claims, characterised in that, during

soldering, registration devices (9), registration pins (4) or templates (7) are used for
registration.

22. Method according to claim 21, characterised in that the registration devices (9),
registration pins (4) or templates (7) comprise a material selected from the group
comprising graphite, ceramics and metal.

. 23. Method according to one of the preceding claims, characterised in that, during
soldering, structural features of the component layers (16) are used for auto-
registration.

24. Method according to one of the preceding claims, characterised in that, after the
soldering process, the component layers (16) are isolated by cutting, milling, punching

or laser-cutting.

25. Microstrﬂctured component (3) selected from the group comprising microreactors,
micromixers and micro-heat exchangers comprising a stack of microstructured
component fayers (16) which are connected to each other and comprise materials
selected from the group including metals and metal alloys, characterised in that the
component comprises at least one multifunctional barrier layer and a solder layer
between the individual component layers (16), and in that the multifunctional barrier



conponent conprises at |east one multifunctional barrier |layer and a sol der

| ayer between the individual conponent |ayers (16), and in that the

mul ti functional barrier 38 |ayer conpgé ses at | east one netal selected from
t he group conprising nol ybdenum nmanganese, chrom um palladium iron,

ni ckel and alloys of at |east one netal selected fromthe group conprising
iron and ni clagdr conriphisgdhaidpastone melél. seMctaddain thet groas carapiisimemblyaderamdi ng t o

claim 25, characterised in t e .mat erj gl re select fromthe.group
conpr | ot ng. AT BRNAREST Lok A atad oS, Rk sBe Rl S Refing LB 08 01 s
steels. 27. firottesgnoup compusiog itpo ard ticks edihgihngpticouone of the clains 25 and
26, characterised in that the conponent |ayers (16) are connected to each

other by a nelt diffusion soldering process. 28. Mcrostructured conmponent
accor di ng 26oMenmestroftutdtecah@inest 5 ordirgirto addimr2ic thanastatised intthatithe heta@lder

| ayer conpri L] | gh-nelt] . n |11 ng
metal . 25 WERSERIta) tE Fork Stuberd Gty YunEiE) afD, P ZebbHsea i n
that the at dllpgstnd stamnldssgiteatel ting netal is selected fromthe group
conprising gold, silver, nickel and copper. 30. Mcrostructured conponent

according to one of the clains 28 and 29, characterised in that the at
| east one 2F oMicnasitructugechernagonest amboatingd dnearithehaaigrsdfparc?f charavderised,

clai me 25 - Bonetils sBhpab iR 1) it TR RE G AR el e "

sol dered i n salddringlpeogess.nt ed panel s.

28. Microstructured component according to one of the claims 25 - 27, characterised in
that the solder layer comprises at least one high-melting and at least one low-melting
metal.

29. Microstructured component according to claim 28, characterised in that the at least
one high-melting metal is selected from the group comprising gold, silver, nickel and

copper.

30. Microstructured component according to one of the claims 28 and 29, characterised
in that the at [east one low-melting metal is selected from the group comprising tin,
indium and bismuth.

31. Microstructured component according {o one of the claims 25 - 30, characterised in
that the component layers (16) are soldered in multiple printed panels.



