WD 2004/ 070835 PCT/ DE2003/ 000419 1 Met hod for
WO 9608y Bogd:cr os stens Exanpl e enbodi ments of the
i nvention seek to provide a nethod for produci rT/DE2003/000419
m crosystens having m croel ectronic conponents
inserted, adjacent to and/or above one another, into
‘cavities created during the |ayered construction of
base bodies co o1 ot oduk iy @ni ¢ & & bmsWhi ch
© conponents are connected with one another s to be
~electrically or thermally conductive. -Furthernore,
the -exanpl e -enbodi nents seek toprovide a device for

Exampgeerehodigente et tiosl. iﬂtflﬁqﬂi%ﬁers%%kcQ:%Sgr%(‘%rtiidgtnlagf&ethod for

m crostructures and conplex m crosystens consi
proghcphgt nturady= g i3 . exanple, from
p @ dﬁﬁ‘ﬁéVing'ﬁlﬁggﬁﬁe?éf nic ¢ nents inserted,

DE patent 44 20 996. In the case o
adjdeentib@ohﬂdyeﬁe,ab@v@h%@%hé%g liquid is held between

two plane- parallel plates solely JE)%/tCfns-%fan"sltth"est [F&eated during
thesukiagedt 88850 cNE, O plates is perneable for

el ect romagneti c vvaves.é’f bRSe PL3LES composed of photocurable
material, which components are connected with one another so as to

be.electrically or thermally conductive.

Furthermore, the example -embodiments seck Lo provide a device fTor

implementing the method.

The layered construction of microstructﬁres and complex
mj.crosystems consisting of photocurable material is known, for
example, from DE patent 4; 20 996. In the ca.‘se of the method
described there, a photocurable liquid is heild between two plane-

parallel plates solely by means of the surface tension. One of

the plates is permeable for electromagnetic waves.

The 3 i i

| D model is stored in a PC, broken down into individual
layers. By calling up the individual layers, the layer structure
1s transferred through the plane-parallel pPlate to the adjacent

liquid layer by means of a4 source that emits electromagnetic




The 3D nodel is stored in a PC, broken down into
i ndividual layers. By calling up the individua
| ayers, the layer structure is transferred through
WO 3Q04/07083%aral l el plate to the adjacent |i qEct/DEPE03/000419
by nmeans of a source that emts el ectromagnetic WO
2004/ 070835 PCT/ DE2003/ 0004192 2 waves. Exposed areas
cure, when this happens, while the non- exposed

waveasegi OEXposMd har€a@i Rulrequi he @l @ i8N EL ek f €hile the non-
production of this layer, the plates are noved apart

expddeddn rafdd, 0Ngin il gy errdfu Gknepsy,, £ausi ng. | | gg}ngyég After
& place.

flow in,” and another exposure process can tal
SNt iy t i owever, Lt is not possible to
Prodsrodace i c?lgg rﬂlga{ uer]{;(sW?C Sor BAERGMHRFE, BP¥E ARdrt by an
a.l.imted nu . of mcrostructures can be_generated
addli%ﬁoélaa%hﬁé‘é’\?irgg,%lfzgngﬁéh FAYSaR8eliavher Epoféorhén, and another
i nventor has proposed, in the patent application 101
CXPOFRIG7§LOCERAI ERMWAZKAOPLPEB} i shed prior to this
application, to provide a roller pair, which can be
foll owed by additional roller pairs, in place of the
~ plane-parallel plates.
Using this technique, however, it is not possible to produce

microstructures in great numbers, since only a limited number of

microstructures can be generated in each device, in each instance.

Therefore the inventor has proposed, in the patent application 101
44 579.2, which was not published prior to this application, to
provide a roller pair, which can be followed by additional roller

pairs, in place of the plane-parallel plates.

With this device, the individual layers of the structure to be
built up are generated between two rollers that stand opposite one
another, forming the delimitation surfaces, in each instance,
whereby the distance between the rollers of the roller pair, in
each instance, is determined by the thickness of the layer to be
formed and the thickness of the layers that already exist. In
this connection, the first layer is applied to a substrate carrier

film that passes through between the rollers, and the exposure of



Wth this device, the individual |ayers of the
structure to be built up are generated between two
r Ibers t hat st'and opposite one another, formng the
WO &% M7%%3%n surfaces, in each instance, whe R85/ DERE03/000419
di stance between the rollers of the roller pair, in
each instance, is determ ned By the thickness of the
| ayer to be forned and the thickness of the |ayers
the t hayeal teadye exgesierdted thhiBesOMIHd 0By WRANS 'St one of the
| ayer is applied to a substrate carrier filmthat
rollpasses through between the rollers, and the exposure
of WD 2004/ 070835 PCT/ DE2003/000419 3 the layer to be
generated takes place by neans of one of the rollers.
This roller contains the source that emts

. el.egtr ' es. Exposure of the photocurable |
T i e i ﬁ%?semtlaﬁeglﬁrv*&eemsgnetlc waves.

, li'quid presen 0
Ex Oneanscﬁé naszé}hat corresponds to the |ayer
POSHFGctUr e-"Fn PO ke8P Rc el 1athid hrggreps dniiviesd tihe rollers

the surface of the exposure roller, in each instance,
takeg,Plafe aP¥o BeaPasHdd 2t Mesughtbat wemrtdmparld ets dfhe layer

the roller pair, as a separate
structure, in each instance, which can be applied toc the surface

of the exposure roller, in each instance, but can also be passed
through between the rollers of the roller pair, as a separate

film.

In such a device, the roller pairs are followed by rinsing devices
in which the material that has not cured 1is rinsed out.
Additional stations are provided in order to fill cavities that
are present in the structure that has already been built up, with
electronic components, for example. After. insertion of the
electronic component, in each instance, construction of the
microstructure is then continued. Such a method is reminiscent of
rotation printing, and has the advantage in common with the latter

of producing large "editions" in a very short period of time.

Until now, however, it is difficult to connect the individual

electronic components with one another so as to be electrically or



[ h a device, the roller pairs are foll owed
L;lr}ngrnsugevices in which the material that has not
WO f004/0J08Bksed out. Additional stations are ppewi/8e8003/00041s
in order to fill cavities that are present in the
structure that has already beengbuilt up, wth
el ectroni c conponents, for exanple. After insertion of

thelpalilecicontinetiQBRON&Hs | NhERGE T RSLANC8E .y, electronic
constrgction of the mcrostructure i S then cghtlﬁ%ﬁd.

tikodrhs rem.ni of .rqtation printing, .
e b he aiban ' BB o) A B B Gompenents i

: i e "editions" in a very short period of
dlf?ﬁ%Qﬁ%ﬁ?}%ﬁ%%mh however, it is difficult to connect
the individual electronic conponents with one anot her
so as to be electrically or WO 2004/079835. .
PCT/ DE2003/ 000419 4 thermal ly conductive; this holds
Th?ru%x%mﬁ}ﬁféwm@ﬁémﬁnbﬂicar@onpgﬂﬂﬁkgelnbhh@dsaﬁe phanetask of
and for electronic conmponents in different planes.
comfacekeami enertostli rfentre angd harafor anbasedionihhsuch a manner

task of .
that while the microstructure is being built up, at the same time,
the electrically or thermally <conductive connections between

individual electronic components can take place,.

In accordance with a first aspect of the present invention, there
is provided method for producing microsystems having
microelectronic components inserted, adjacent to and/or above one
another, into cavities created during the layered construction of
base bodies composed of photocurable material, which components
are connected with one another so as to be electrically or
thermally conductive, characterized in that after the insertion of
~the electronic component, layered construction of the base body is
continued, but that a structure of electrically/thermally
conductive material is built up, vertically -rising; above the
contacts (PADS) of the electronic component, whereby this
<onductive material produces a direct connection with another
electronic component disposed above the electronic component, or
by means of a horizontally running conductive track of conductive
material rising from the pad to one (several) other electronic

component {s) disposed at a lateral



conducting a nethod of the type stated initially in
such a manner that while the mcrostructure is being
built up, at the same tinme, the electrically or
thermal Iy conductive connections between individua
el ectroni c conponents can takegl ace. I n accordance
wth a first aspect of the present invention, there
is provided nethod for producing mcrosystens having
_ mcroel ectroni c conponents inserted, adjacent to
dishaarer Hbove Ye <dmstthenid ncompauventes ereabed means of a
during the layered construction of base bodies
horggepbaslly ofrysindingc ucabtiectiter i ataciwhicth comporedts material
are connected with one another so as to be
risghgcfrocatie pad tbhensul(byvepallucding; cakatacher Zeflponent (s)
in that after the insertion of the electronic
disposponenta 1ayersad Constndecti@m Ghet @Qe@@%@nb@d?éofnﬁonent, and
conti nued, but that a structure of

the el ggédrdcaldnwrher iBh! ¥ EQ@diHﬁéfélﬁéf%tmertiaﬁgsi_ E’]&%%el %?tween at

up, vertically rising, above the “contacts (

leadheold 664 10N € LANMRAE N, ML el ot Qgﬁioﬁoﬂgyﬁ%%%fthe rollers

material produces a direct connection”w th anot he¢
is Hi9GLHON G ogPoRent, i SR éedjhac%m’ %h hgct Loni &
conponent, or g{?‘né)acnsr o? a o llzae(;n %ﬁ?l 3h@un%§%%su§e of the
liq&f&]dl%%}ér\feihr %giého{nsctogrgclzjec,tltvaies place by means of one of the
rollers and through a mask that corresponds to the layer

structuxre, in each instance.



material rising fromthe pad to one (several) other

el.ect conponent{s) disposed at a |l ateral 4a
dﬁ%?a#ﬁé?quﬂ%3§he el ectronic conponent, or by neanspéﬁ/DE2003/000419
a horizontally running conductive track of conductive

material rising fromthe pad to ope (several) other

el ectroni c canponent(s) disposed at a |l atera

di.sfance fromthe el ectronic conponent, and the
Ig§%r%%FQ§ﬁﬁnﬁﬁhﬂﬁlﬁﬁn5F theraferogyaiteamittakessibdeeto generate the
between at |east one pair of rollers, whereby the

r ‘a’?m%hc%é’twq%ﬂpam &ogh i fiHd edemiiidnla and in the horizontal
photocurable |iquid and the exposure of the Iliquid

| By HR et iawst ahresr kel afe thy MRAMEreONeonstruction of
of the rollers and through a mask that corresponds to

e Impeesystenctpraction Bach nitegiransa. i MO 2004/07%983p

PCT/ DE2003/ 000419 5 The exanpl e enbodi ments therefore

makes it possible to generate the conductive

connections both in the vertical and in the horizontal

direction, without interruption of the structure

lgomsenpiti embofliments, the conductive, vertically rising structure

15 generated in openings in consecutive layers that are left clear

above the pads, by means of Screen printing, in which connection

the openings left in'the layers of photocurable material, above the

prads, are filled with the electrically conductive material, and

finally the horizontally running conductive track is printed.

In example embodiments, an electrically conductive adhesive has
proven to be particularly suitable for this screen-printing method.
Because of the properties of the adhesive, a good -electrical
<contact to the pad is obtained, for one thing, and of the layers to

one another, during the construction of the conductive.structure.

The horizontally running conductive tracks may lead to a component
disposed laterally relative to the first component. By continuing

the method, the structure can then be built up further, whereby



the m crosystem practically integrated into the

) [ t he conducti ve, -
h exanpl e enbodi nent s, ( ;
cgﬁtgggﬁ(§7+$§$ng structure is generated in Open¥§§E79E2003/000419
in consecutive layers that are left clear above e

pads, by neans of screen printingg in which connection
“the bpenings left in the layers of photocurable
mat eri al, above the pads, are filled with the

%?%c@@d%%ﬂQQﬁkxnuhnadtﬁenﬁahgyE@h,a@@dprghggééyfégglﬁhis laterally
hori zontal Iy runni ng conductive track i s printed.

@kerpicsl evhpdnarnl Sacadr &l REtdd Gak! Ye RQQUC i ve ve.
adhesi ve has proven to béﬁgartlcﬁlarﬁy su?%a&ﬂ%a?Qﬁ
this screen-printing nethod. Because of the

' ive, a good -electrica
E?gg?§%¥ﬁ%5q%%%ﬂﬁégg$2%%%1a?ﬂ% uckpye opehehing, &ndh@%t source is
- : one anot her, during the construction-o

I%ﬁgv%(g% {Ii‘{llgjg%h SHTLGWSEL st TH thaniagits| lof _rauwgq%through oven.
conductive tracks may |lead to a conponent dispose

laterally relative to the first conponent. By

continuing the nethod, the structure can then be

HmﬂdndemptBUbbh@biemﬂgrggﬁiggézggéég7£§§§2ng densities in the case
PCT/ DE2003/ 000419

of the nicrosystems produced in this manner, it may be desirable

above, as just described, but that there may also be a possibility
of contacting from below. This means that a direct electrically

conductive connection can be produced between electronic components

(chips, for example) .

This preferably takes Place according to the example embodiments,
in that the electrically conductive vertically rising structure
consists of a small pile of soldering paste that is applied to the
pad, in each instanée, through the corresponding opening of a3
template, which small pile is formatted into a solder bead (bump)
in the subsequent step, after removal of the template, by means of
heating, and after further layered construction of the base body
and production of a corresponding cavity, another electronic

component is inserted into the latter, in such manner that the



6 now addi ti onal connections upward are produced from

this laterally disposed conponent, according to the
nePhda04/070R3=bove. For faster curing of the PCT/DE2003/000419
conductive adhesive, a heat source is provided, which

can consist, for exanple, of a Pags-through oven. In

order to be able to achieve great packing densities in

tREnSAS @ redfi ollB yM SFRANSIEL S, R O L 04t hisS repper,
it may be desiragléﬁrthat t he eleggﬁggF%Q%o§ﬁbﬁénF5e pads of the

GRIER (UM RHER g@tggghg g%oggﬁgbove, as j ust

descri bed, "but th ere nay a o"fe a possibility
of contacting frombelow. This nmeans that a direct
ﬁé?CtéLcall conductive connection can be produced

WEEH Sel B cacdifpdhehe¥ing cHiss, pads dearipbe)upwards may be
This preferably takes place according to the exanple
STRISH GRS sWith nat shipt vH sElosety iadatdey tondbeving the pads facing
vertically rising structure consists of a small pile
gtovgyiagelsi-ng paste that is applied to the pad, in
each instance, through the correspondi ng opening of a
tenpl ate, which snall pile is formatted into a sol der

heagddmhpheating hefsubisequemnipsSt 8An AR pearual; of 5 subsequent

the tenplate, by neans of
roller stand, in which a roller is provided with a heating device.

Although the production of the corresponding bumps was presented
using the method of the above, in the present case, there may also
be the possibility of producing such a structure by means of the

method that has been described in DE Patent 44 20 996.

Of course the methods of the above can be combined with one
another,  so that first of all, the work is performed using +the
Screen-printing technique (conductive adhesive), and subsequently
(1f two electronic components are supposed to be connected with one

another directly above one another), by means of the "bump

technique."



heating, and after further |ayered construction of the
base body and production of a corresponding cavity,
anot her ‘el ectronic conponent is inserted into the
latter, in such manner that the WO 2004/ 070835

PCT/ DE2003/ 000419 7 bunps prewviaously produced are
connected with the pads of the second conponent by
nmeans of heating. In this manner, a chip having the
pads faci ng upwards nay be connected with a chip

'Qggggg ve .l t, _having.the pads facjng downwards.
'%ﬁ secon a%%%t%ﬁshoﬁ Pﬁ%ogﬂnﬁgpggﬁ PEKENDIBESS$H ginvention, there
j§ybég yeRty T |l.er s#andh in which aroller is

pro |§eg Wt IFd igat Ty dERlcEentAnghotiyh tsdhod of the above,

ég%%du%tion f the correspondi ng bunps was presented
USITRG SChé 28t RYd 3 ke tasdve, TohlehePpiesehr whseh the distance

k)there naéhalso be the possibility of producing such a
SHGENUr BBy LRddRE Sof 1% hehanmeabd oy havhémebbeenme roller of the
described in DE patent 44 20 996. O course the
IRELREAP DT ¢ hdNalramh cansbencenbiexgdsnireh OMEler) consists of a
anot her, so that first of all, the work is performed
mgsprgathdhat is permeable for electromagnetic waves, whereby a
source that emits electromagnetic waves {(light source) is disposed
in this roller, a mask having regions that aze permeable and non-
permeable for electromagnetic waves, assigned to each exposure
roller, as well as by a substrate carrier film as the basis for the
generated structures, passed through between the at least one
roller pair, and flushing devices are disposed between individual

roller pairs and at least one screen-printing device follows the

at least one roller pair.



screen-printing techni que (conductive adhesive), and
, subsequently (if two electronic conponents are
su sed to be connected with one another directly
WO %ﬂﬁﬁ%@?ﬂﬁ?%wmther), by neans of the "bunp ted@aN/PFR2003/000419
7a In accordance with a second aspect of the present
invention, there 1is provided8device for inplenenting
the nethod of the above, <characterized by at | east
one roller pair, in which the distance between the
rollers is changeabl e, whereby one roller of the
The I DhVERtPGAT willl 63€hpirBsbaREs (moéségg Eﬂ%Befi)n detail, using
consists of a material that is perne Fe or
drawBlRE.romagnetic waves, whereby a source that enits
el éctromagneti c waves (light source) is disposed in
this roller, a mask having regions that are perneabl e
and non- perneable for el ectromagneti c waves, assigned
Thesto %%Ph exposure roller, as well as by a substrate
Earfi°8F filmas the basis for the generated
structures, passed through between the at |east one
roller pair, and flushing devices are di sposed between
~ individual roller pairs and at |east one
Fig.sdreennodiletri pgidedncéhkobrownctien of a first substrate layer

Fig. 2 | roller pair according to Fig. 1 with mask film

“Fig. 3 roller pair in the production of the second layer

Fig. 4 roller pair and feed device of components to be inserted
Fig. 5 roller pair with feed of a film

Figf 6. construction of a structure of photocurable material

with conductive tracks of conductive glue

Fig. 7a-e method steps for the production of a conductive
connection between two electronic components, one on top

of the other.



at | east one roller pair. WO 2004/ 070835
PCT/ DE2003/ 000419 8 The invention wll be presented
and ex glalned in detail, using draw ngs. These show
WO 2pP4/07983B| er pair in the production of a firBCT/DE2003/000419
substrate layer Fig. 2 roller pair according to Fig.
1 with mask film-Fig. 3 roll®er pair in the production
of the second |ayer Fig. 4 roller pair and feed device

A rodfieconpanenis $Robe LASElilRGesFi ™. t& 50l el AN Mdthnce, and
feed of a filmFig. 6 construction of a structure of

provRReHPCURaBbLePRE €18t H Mhéhr&ﬁéggﬁ%éV§y¢58fk Of For the device

conductive gl ue tlg 7a-e eps tor t

bet
e o B aenT Sohtn @i, TORC. OF<BRGCathoPT gese roller

. .20 7 5. PCT/ DE2003/.000419 9
palrg g 19 Q g in se?ges wi one another, whereby n is dependent

on the structure height or on the properties that such a structure
is supposed to have. Alternatively, however, a roller pair in
which the distance between the rollers is increased by the layer

thickness during each pass can also be provided.

In Figure 1, the first roller pair is shown within the device. It
consists (as do the other roller pairs, as well, in principle) of
an exposure roller 2 that is permeable for electromagnetic waves,
and a counter-roller 3, which leave a roller nip 4 between them.
A source 5 that emits electromagnetic waves (UV source, laser,
etc.) is disposed in the exposure roller 2. A stationary exposure
slot 6 is located in the roller 2, between the light source 5 and
the roller nip 4. A substrate carrier film 7 is passed through
the roller nip, and a photocuring liquid 8 is provided between the
film and the exposure roller 2, held in place by adhesion forces.
A mask (for example a chrome/glass mask) is applied to the surface
of the exposure roller 2, which mask represents a negative of the

layer topography of the first layer to be produced.



Aroller pair is shown in Figures 1 to 5, in each
i nstance, and provided, in general, with the
ref erence synbol 1. For the device according to the
WO 20Q84R70835 one nust inmgine n of these roller PCOADER003/000419
switched in series wth one another, whereby n is
dependent on the structure hei ght or on the
properties that such a structure is supposed to have.

The AliguidtBvely, chpyevear usin! tBE Paight NsoWhb&N st hechrough the
di stance between the rollers is increased by the | ayer

Lhirekgess @uring p I Vi
exooleratse S 7H, SheBepaSsatatedl SIS B alBle, hln peneerare

into\?\eeélﬂ%eiihﬁidcoﬁsiét sifandlo LISRLAChE OlpE! PGS A% 1iquid

in“princi‘ple) of "an exp
reabl e _f.or electro etic_waves, and a i
polyiEEEFER. POF) BEosTeRn i Loav ™ § of4RILTR pily Hee vEbRst laver o
£ t&henl A source 5 that enmits el ectromagneti c waves (UWV

° GuPEEuctYEer to Becysnesatpdposed in the exposure

roller 2. A stationary exposure slot 6 is located in

the roller 2, between the |light source 5 and the

roller nip 4. A substrate carrier film7 is passed
Figurér ughhowhe a okdeeicai pthaindia phesosuiaNDy | ithiel dsSndS  Here,

provi ded between the filmand the exposure roller 2,
howeberd theplts bys adbeskpp1ielCa&® the surface of the exposure
roller 2, but rather it is passed through between the exposure
slot and the surface of the liquid, in the form of an exposure

film 10.

Figure 3 shows a roller pair 1' that follows the roller pair 1
shdwn in Figures 1 and 2, by means of which the second layer 9' is
generated on top of the first layer 9, in the same manner as
described with regard to Figures 1 and 2. 1In this connection, the
sqbstance for producing the second layer 9' can be the same as the
substance of the first layer 9, but can also consist of a material

having different properties.

Figure 4, in turn, shows a roller pair 1'', at which the
structures 11 previously generated, already provided with a

trough, arrive, and there are fitted with components 13 that are



P

A mask (for exanple a chrone/glass mask) is applied to
the surface of the exposure roller 2, which mask
represents a negative of the |ayer topography of the
WO 20PALP7PE38r to be produced. WD 2004/ 070835  BCT/DE2003/000419
PCT/ DE2003/ 000419 10 The liquid 8 is exposed using
the light source 5, through the exposure slot 6. In
those | ocations where the |ight can penetrate into
supplhed| bguadcbiilel1ks (ot bkepked) by the BBaKdnehiP€ 13 adhere to
liquid polynerizes and becones solid. This results in
= £ife furst b Senal difcHdHe Uis nde SRR e into the
Ially tThe sane.

Figure 2 shows a device that Is essen

eroufocos INPYECLNGIRL ! Rl SPLSALS S0P BTG 14 1y

hr qugh het ween t xpaosure slot and the surface of
mean%héﬁlui GuitE S hgiﬁg?m © an ¥xp8stReh fihen perts 13 in the
E%guri 3 shows a roller pair 1' that follows the
troughy'| gluing, techadgResi sam dsr essed.antin 2whpghmshes weick is also
whi ch the second |ayer 9' is generated on top of the
perfermped ¥HYerplotpqauidlel s asmbstemess asspecifically in the manner

as described above.

Finally, Figure 5 shows a final roller pair 1''', in which the
finished structures 11 are covered with a cover film 15, for
protection and transport. Here again, gluing of the film to the
structures 11 can take place by means of the method described

above.

Films that then form individual layers in the structure can also

be supplied during the production, i.e. during the generation of

- the structures 11, as a function of chemical, physical, and

biological properties, similar to what is shown in Fig. 5.

However, the invention is not limited to the embodiments shown in

Figures 1 to 5.



described wth regard to Figures 1 and 2. In this
connection, the substance for producing the second
' can be the sane as the substance of the
WO %Q3%A01 0828 9, but can al so consist of a nat ePCI/DE2003/000419
having different properties. Figure 4, in turn, shows
aroller pair 1 '" , at which2the structures 11
previ ously generated, already provided with a trough,

Figuale i & eshounsl hh%thwﬁaﬂét&ﬁdamhﬁhmﬁggﬁggﬁnE%a¥3tgm%lready far
are WO 2004/ 070835 PCT/ DE2003/ 000419 11 supplied b

dvae@ed,112n6kar exanmphbgk 0 nent s adbere
2 vf|Iml4 After the con%gngﬁsg ggﬂhage %2% Igﬁd }5?er§ The

0 he.struct ur 1, .they are el ed of f
constt@cft:ép i4 'bogoJl an% dt OaVlﬁgee JgtlBI ﬁB SESTATS atypol 20.
arts 1 t.he h IU|n technlques can be
Durl‘“? e ¢ %cfﬁl%tﬂ&mi Y pd5e PRV offled W AHPILY 21 is left

hotocurabl subst ances, specifically in the manner
Y dé@&PlH@H‘gbo98 ?4%%¥¥9n1¢|g@ﬂ@09€§ﬁomk3a (fiimathis case a
~ roller pair 1''"', in which the finished structures 11
mlchFBl§bvgﬁédbﬁFﬂhi@S@QWQﬁJiIDnnihgfthe further construction of

the base body structure 20, openings are left in the individual
layers, above the pads 22, which are filled, layer by layer, by
means of a conductive adhesive, using the screen-printing method.
Thus, a vertically rising structure 23 of a conductive material is
formed, from which (as shown in the drawing) a conductive track 24
that runs hofizontally is then applied to the currently last layer
of the base body 20, also using the screen-printing method. This
conductive track (or these conductive tracks) lead(s) to other
electronic components or to lateral contacts, thereby implementing

electronic functions.

Figure 7 shows how two electronic components (in this case two
microchips) can be directly connected with one another in

conductive manner, vertically above one another.

Figure 7a shows the status in which, similar to Figure 6, a base

body 20 is constructed on the film 7, in which a microchip 13 has



protection and transport. Here again, gluing of the
filmto the structures 11 can take place by neans of

t he met hod descri bed above. Filns that then form
WO 20QAAQHRAS | ayers in the structure can al so |ET/DE2003/000419

supplied during the production, i.e. during the
generation of the structuresiil, as a function of
chem cal, physical, and biological properties,

alrgﬂdﬁ|hﬂeﬂ(idﬁ§£tédiﬁﬂﬂBMhidbﬁ%éhpé%dﬂﬁ@“@é%&tgtheThe electrical
invention is not limted to the enbodi'ments shown I n

conrid@ldis Lda@sy- Z\QDtp%q(M,J % Pcﬂb%%%o%%(e%%o%%% ;2%, openings

Figure 6 Shows a sftructuré of a microsystemth

a dy . f e [ is, constructed on a,fjlm

arei¥§ ayg?sa&$hgﬂ¥@%§% %ug%égﬂﬁ%sgaﬁﬁd 9 ﬁ%bviﬂ ﬂchﬁFPrreSpond

wit tQ; n§£$rence syqpol 20. yg&érin t he construction of '
hthep%asegsboﬂr\} 30,FeqPdake 221 | $alderingn nastg niy now applied
whi ch an el ectronic conponent 13 (in this case a

abovigy 5&8CHP5F1H§§ péefPendempda@tendsi, nyhtikk ffddilsethe space above

construction of the base body structure 20, openings
the pags| @8t in the individual

Figure 7b shows the status after removal of the template 25.
Small piles 26 of soldering paste have been left behind above the

pads 22.

In a subsequent station, the small piles 26 of soldering paste are
heated up, so that the soldering paste becomes liquid and forms

so-called bumps 27. This status is shown in Figure 7c.

In Figure 7d, the base body 20 has been built up further, whereby
an additional cavity 28 has been formed, into which another
microchip 13' is now placed, with the pads 22' facing downward.
The pads 22' rest on the solder bumps 27, which have solidified

again.

In a subsequent roller device, in which one of the rollers is

provided. with a heating device, the second microchip 13' is now



S

| ayers, above the pads 22, which are filled, |ayer by
| ayer, by neans of a conductive adhesive, using the
screen-printing nmethod. Thus, a vertically rising

WO 2804407888523 of a conductive material is for Ret/DE2OOB/000419
whi ch (as shown in the drawi ng) a conductive track 24
that runs horizontally is thad applied to the
currently last layer of the base body 20, al so using

presiskel dateemnhpr icalviig 8L hadterthiys tneoRAU ekl Sulhac belBhe liquid
these conductive tracks) lead(s) to other electronic

agaigQnponent srekul @ | el CRDLAELS, ! %feP¥09uc an, electrical
i npl enmenting electronic functions. Figure SRovs" h&w

conth¥® Ghieft gigaagnggments (in this case two
n be

m crochi ps) c ifectly connected with one anot her

in conductive manner, vertically above one another.

Figure 7a shows the status in which, simlar to Figure
Thi 6, . a base body 20 is constructed on the film?7, in

1SyRFERUS #F cPBERMpIR3FRIINT 2004/ 070835

PCT/ DE2003/ 000419 13 already been inserted into a

corresponding cavity. The electrical connections

(pads) 22 point upward. Above these PADS 22, openings
Accordingly, the further layered construction of the

microstructure, i.e. of the microsystem can proceed as just
described, whereby the alternatives from Figure 6 and Figure 7a to

e can also be combined with one another.



are left in the material of the base body 20, which
correspond wth openings in a tenplate 25. Sol dering
paste is now applied above the openings of the
tenpl ate 25, which fills the space above the pads 22.
Figure 7b shows the status after renoval of the
tenplate 25. Small piles 2? of sol dering paste have
been | eft behi nd above the %ads 22. I n a subsequent
station, the small piles 2¢ of solderlng paste are
heated up, so that the schi PHg paste becones l'i quid
and forns so-called bunps 27. This status is shown in
Figure 7c. In Figure 7d, the base body 20 has been
built up further, whereby an additional cavity 28 has

Ybr FOF, PROEUGAREh BASEPRYSLeRT deiimngl 3micgondact ronic
pl aced, with the pads 22' facing downward. The pads
2SOMRSN e e @dier 2@imprn 27 towhing ool | alid | gudother,
again. In a subsequent roller device, in which one of
tHEET clavditd eiss crproeddddring htlze hieatdmegl devistencthen of base
second mcrochip 13" is now WO 2004/ 070835
POHIRE? 003199kt Oof photocurable material, which components

are connected with one another so as to be electrically or
thermally conductive, characterized in that after the
insertion of the electronic component, layered construction
©of the base body is céntinued, but that a structure of
electrically/thermally conductive material is built up,
vertically «rising, above the contacts {pads) of the
electronic component, whereby this conductive material
produces a direct <connection with another electronic
component disposed above the electronic component, or by
means of a  horizontally running conductive track of
conductive material rising from the pad to one (several)
other electronic component(s) disposed at a lateral distance
from the electronic component, and the layered construction
of the microsystem takes place between at least one pair of
rollers, whereby the region between the rollers is filled
with a photocurable liquid and the exposure of the 1liquid

layer, in each = instance, takes place by means



14 pressed into the cavity 28, whereby the sol der
bunps becone liquid again, as a result of the

heati ng, and produce an electrical contact with the
pads 22'. This status is shown in Figure 7e.
Accordingly, the further |ayered construction of the
m crostructure, i.e. of thq_nicrosysten1can proceed as

just described, whereby thgaalternatives from Figure

g AP0 o0 ASR08 ST M Lo penas <o
m.cr ste havin% m croel ectronic conponents

i HEertRE T adiTACEHECr 018nBP0R HBDVABhre another, into
cavities created during the |layered construction of

base bodi es conposed of photocurable material, which
conponents are connected with one another so as to be
LY cal9aprering hepned}aicodducthasacthat aed eriilzeghat the
in that after the insertion of the electronic

copbirditve,| ayersédcedhgt rucsimyn structure is generated in

openings in consecutive layers that are left clear above the



of the base body is continued, but that a structure of
electrically/thermally conductive material is built
up, vertically rising, above the contacts (pads) of
the electronic conmponent, whereby this conductive
material produces a direct connection wth another
el ectronic conponent dispoggd above the el ectronic
conmponent, or by nEans of hori zontal I'y running
conducti ve_track conductive materjal rising from
th Had®Y o"GRBS (& ve?%e)en dthEttidi%ct ¥oniich Connection the
co onent (s)_disposed at a |lateral distance fromthe

BH !t cdnpinehbe dAderRe Hapdosacesabieubeteniabi above
the m crosystem takes place between at |east one pair
othe r Padtss, afrer ebyl kark rweiditon et wedreativd qedlllver songductive
filled Mﬁth a photocurable liquid and the exposure of
thL g igqdi-d ahdyefingldweathei nstmaineetatldvesrphaiosy byonductive
means 15a of one of the rollers and through a mask
thack ors ezponesi.-t o the |layer structure, in each
i nstance. 2. Method according to claiml,
characterized in that the

Method according to c¢laim 2, characterized in that the

conductive material is an adhesive.

Method according to claim 1, characterized in . that the
electrically conductive vertically rising structure consists
of a small pile of soldering paste that is applied to the
pad, in each instance, through the corresponding opening of a
template, which small pile is formatted into a solder bead
(bump) in the subsequent step, after removal of the template,
by means of heating, and after further layered construction
of the base body and production of a corresponding cavity,
another electronic component is inserted into the latter, in
such a manner that the bumps previously produced are

connected with the pads of the second component by means of

heating.



conductive, vertically rising structure is generated
in openings in consecutive |layers that are left clear
above the 16 pads, by neans of screen printing, in
whi ch connection the openings left in the |ayers of
phot ocurabl e material, above the pads, are filled
with the electrically conductive material, and
finally the horizontally running conductive track is
printed. 3. Method according to claim2, characterized
in that the conductive material is an adhesive. 4.

Met hod according to claim1l, characterized in that the
el ectrically conductive vertically rising structure
consists of a small pile of soldering paste that is
applied to the pad, in each instance, through the
correspondi ng opening of a tenplate, which small pile
is formatted into a solder bead (bunp) in the

sMbsggyeq %cé}:&gn afLer, Fennf/aclraioiﬁréstr l‘ﬁ1€ t{;)e | at eharagterlzed in

means of eatlng, and afrter fu ayered ©

c r do of t e bas .~ and production of a
cgqugésg%ﬁ]dl nrlg CaVI con q:ruc lon p the microsystem takes

place between two plates, at least one of which is
permeable for electromagnetic waves, whereby a liguid of
photocurable material is present between the plates, which
is exposed and cured in layers, in accordance with a 3D

model of the structure to be generated, which has been

stored in memory in layers.



anot her el ectronic conponent is inserted into the
latter, in such a manner that the bunps previously
produced are connected with the pads of the second
conmponent by nmeans of heating. 17 5. Method
according to one of clains 1 to 4 , characterized in
that the | ayered construction of the mcrosystemtakes
pl ace between two plates, at |east one of which is
perneabl e for el ectromagnetie waves, whereby a |iquid
of photocurable material is present between the

pbatese WaIrchimp Ser@xpoisefl and GlE@dd Nd@ihg i Bo claim 1,
accordance with a 3D nodel of the structure to be

- gengratedri b Chyhase beeRststohed rbN1BBMYY v, LRAYSAS.ch the
18 6. Device for inplenmenting the netho accordlng to

CB@EH&&ceCHﬁﬁﬁﬁ%ﬁf'EﬁgI%bfﬁe%§a§% °@ﬁaﬁ§g$§1IPaM%€reﬂy one

whi ch the distance between the rollers Ts angea

W?Sif9¥ Q HH@' % thsaﬂglle{nrﬂ%achl Qn%%%gce {exposure

I nstance (exposu

roller) consists of a material that is permeable for
.electromagnetic waves, whereby a source that emits
electromagnetic waves (light source) is disposed in this
roller, a mask having regions that are permeable and non-
permeable for  electromagnetic waves, assigned to each
exposure roller, as well as by a substrate carrier film as
the basis for the generated structures, passed through
between the at least one roller pair, and flushing devices
are disposed between individual roller pairs and at least
one screen-printing device follows the at least one roller

pair.

Device according to claim 6,  characterized in that the mask

is applied to the surface of the exposure roller.

‘Device according to c¢laim 6, characterized in that a
stationary -exposure slot is disposed in the exposure

roller, between the light source and the roller



roller) consists of a material that is perneable for

el ectromagneti c waves, whereby a source that emts

el ectromagneti ¢ waves (light source) is disposed in

this roller, a mask having regions that are perneabl e

and non- perneable for el ectromagneti c waves, assigned

to each exposure roller, as well as by a substrate

carrier filmas the basis ¥%6r the generated
structures,cfassed through between the at |east one
rIHTACDaiand dmee frashi iy denfiesredires dhsposen of film that
between individual roller pairs and at | east one

sty eRdS prd neitpgadeicesiofdomsofhehat dgasturenersbldmer below
pair. 7. Device according to claim®6, characterized in

tH= alvet.mask is applied to the surface of the

exposure roller. 8. Device according to claim®6,
characterized in that a stationary exposure slot is

di sposed in the exposure roller, between the |ight

source and the roller 18a surface, and the mask is
configured as a strip of filmthat



10.

11.

i s passed along the surface of the exposure roller,
below the slot. 19 9. Device according to one of
clains 7 or 8, characterized in that several roller
pairs are disposed in series behind one another. 10.
Devi ce according to one of clains 7 to 9,
characterized in that filmw ndings are disposed
between the roller pairs, tfe films of which are
gfnfhgyred as carriers for an_adhesive |ayer and/or
BELTT AR Y &P eBPRORITC CARdMEr 7 st hani ebd ragitiorzed in
optical and/or biol ogical conponents. 11. Device
At ASER ofel i vl Bie Fre odDspesrd att epériels i lpehind one
that filmw ndings are di sposed between the roller
pGtdier-whereby the filnms denonstrate defined physical
or chemcal properties. 20 12. Device according to
one of clains 7 to 11, characterized in that at | east
the exposure roller is provided with an anti -

- Device according to one of claims 7 to 9, characterized in

that film windings are disposed between the roller pairs,

the films of which are configured as carriers for an

- adhesive layer and/or electrical and/or electronic and/or

mechanical and/or optical and/or biclogical components.

Device according to one of claims 7 to 9, characterized in
that film windings are disposed between the roller pairs,
whereby the films demonstrate defined physical or chemical

properties.



12.

13.

adhesi on coating. 13. Device according to one of
claims 7 to 12, characterized in that at |east one

heati ng device follows the

Device according to one of
that at least the exposure

adhesion coating.

Device according to one of
that at least one heating

roller pair.

at |least one roller pair.

20
claims 7 to 11, characterized in

roller is provided with an anti-

claims 7 to 12, characterized in

device follows the at least one



