Met hod for producing a thernoel ectric conponent and
t hernoel ectric conponent The present invention
relates to a nmethod for producing a thernoelectric
conmponent according to the preanble of patent claim
1. Furthernore, the present invention relates to a

t hernoel ectric conponent. The nobde of operation of a
t hernoel ectric conponent is based on the

t hernoel ectric effect, which is also called Seebeck
effect and Peltier effect, respectively. The field of
application of the present invention is thus

t hernoel ectrics. A thernoel ectric conmponent can be
used QethdE fESrolaBihd @ thFRIRIAIHIO doRipRhEMt A%d @
thernoel ectric generator and on the other hand for

t enper at ure contigrmasiegtieeemppngiilenrent. A third
field of application for thernoel ectric conponents
are sensors, e.g. thernoel enents and thernocol ums.
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o a thepmoglketric BeMABRSMECt ri ¢ component is heated by appl ying
vol tage and due to the resulting flow of current and
the other side of the thernoelectric conponent is
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change ine*p@agesatdhq ewpet eftthe hegmaglestic Cﬁﬁ‘@ﬁﬂeﬂiot to coI d
bet ween an upper side of the thernoel ectric conponent

1 and a | ower side of the thernoel ectric conponent 1.
Fig. 1 shgwstke basicsiruniyyercadhermypaiesiingonponest hda sriptipiet gich a
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contact matenaE 4 the n-legs 2 and the p-legs 3 are alternatingly contacted with one
another. Thus the n- and p-legs 2, 3 are connecied electrically in series and thermally in
parallel. The pair of thermoelectric legs and the slectrically conductive contact material 4

are provided between layers of an electrically insulating substrate 5.



However, tt is equally possible, with the sane
structure in Fig. 1, to generate a tenperature

gradi ent between the upper side and the | ower side of
the thernoel ectric conmponent 1 by applying an ,
external voltage and with the current flowing in the
circuit through the thernpel ectric conponent. The

t her noel ectri c conponent 2is thus used as a Peltier
el ement. To contact the pairs of thernoelectric |egs
with the electrically conductive contact naterial 4,

sol dering nmet hods or nechani cal nethods may e.g.
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restricted because at elevaied temperatures the contact connections may fuse and the
component may thereby get destroyed. Solders for thermoelectric applications in the
range between 300°C and 450°C are not available,



According to an aspect of the present invention there

is provided a nethod for producing a thernoelectric

conmponent with at | east one pair of thernoelectric

| egs, including an n-leg and a p-leg, wherein both

| egs are welded to an elsctrically conductive contact

material, wherein the n-Teg and the p-leg of the pair

of legs are welded in separate welding steps to the
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thermal load that arises during welding of the individual legs lasts for a short period of



Further preferably, the contact material is brought
into contact with the corresponding | eg and a gap of
a gap el ectrode contacting the contact material is
set in conformty with a wwdth of the leg to be

wel ded. This permts an exact energy input for
formng the welded joint. 5 Likewise, it is possible
that the contact nmaterial 4s brought into contact
with the corresponding |l eg, and that a gap of a gap

. egtrode c actr t act terial is set to

time ofl e B R R E i i Bogieta® 0 abetasgs. To bS more

specifier mheriabdoes nohevapordtaet oxidizer i al encl oses an end of
the leg to be welded at |east partly in a radi al
direction of the leg, and the gap el ectrode contacts
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Further preferably, the contact material is brought into contact with the corresponding leg
and a gap of a gap electrode contacting the contact material is set in conformity with a
width of the leg to be welded. This permits an exact energy input for forming the welded

joint.



6 Furthernore, it is possible that all of the n- and
p-1egs are wel ded separately, but sinultaneously to
the contact material. Further preferred enbodi nents
of the nmethod according to the invention are outlined
in the further dependent clains. According to a
second aspect of the invention there is provided a

t her noel ectri c conponent, fproduced according to one
nmet hod as defined in the first aspect, conprising at
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p-leg and which is welded to at |east one
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Preferably, the electrically conductive contact
material is coated with an electrically conductive
material. According to a further preferred enbodi nent
the thernoel ectric conponent conprises a plurality of
pairs of |egs, which | egs are connected via the
contact materi al electrléhlly in series and thermally
in parallel. This yields conpact thernoelectric
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connected to anot her nei ghboring n-|e Preferably a
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compométt, q:l?QtﬂfdeH Gcb&d ﬁlg t§5ﬁ@ m%tﬁdﬁsr@%ﬁin@mrf ﬂh@ fifARpRENt 1S

very ro bust and can al so be used in vi ratln
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conmponent is mechanically flexible. Wile sol der
connections tend to break relatively rapidly under

The abgenpieRiPnedeadnsimentds wehe| RpYieed Ay & thriBleelastric component

comprlélﬁgshtsléééﬂtone%erbhfﬁenﬁoélle&ﬁb Rlg8 V\Fﬁlﬂflﬁaﬁb&%r{ h¥eg and a p-leg
onponent can be adapted to different environnents,

and wh@hgs welged &9 gHpastiong elarlicatic epnslusiive contact matreial, the legs
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according to the invention are expl ai ned
thermoelgetrip spmpenpsinh gam thus| bgi vagied, so that the said thermoelectrlc

component can be used efficiently.

According to an embodiment of the invention there is provided a thermoelectric
component comprising at least one pair of thermoelectric legs which includes an n-leg
and a p-leg and which is welded to at least one electrically conductive contact material,
wherein the electrically conductive contact material encloses an end of the welded leg
at least in part in radial direction thereof. The contact surface between the contact

material and the leg is thereby increased and the contact resistance is reduced.



The present invention shall now be explained in nore
detail with reference to preferred enbodi nents in
conjunction with the associated figures, of which:
Fig. lis a schematic illustration showi ng a basic
structure of a thernoel ectric conponent for
explaining the functional’ principle; Fig. 2is a
schematic illustration showing a pair of |legs of a

AccordHE;q{) R ehftfolimhent SPIMBAMRRtIoN fricte ls%révlt?eoeé hemRbdisctric

| ustration show ng a thernoel ectric conponent
compoeﬁrri&ﬁ@'@am supastonetpain b sRageleslric lagsgvhich igclydes an n-leg

and a p%a B Which| .é bvegba & hiQBast r(’oﬁé"el&tr%aﬂﬁﬁfnﬂ'@&iv@ €bktabt material,
onent of | at constructi on;

the elodiprmlingoneuaive a%f@taﬁtmaiﬁﬂ%'r?@wgrvge'ﬁeq lﬂég%{?@%@bw girection of
the weld84RQNE BicoRfactsUrtaRE thereof. This thermoelectric component also

composes a large-area contact surface between the contact material and the respective

leg, whereby low contact resistance is achieved.

Preferably, the electrically conductive contact material is coated with an electrically
conductive material.

According 1o a further preferred embodiment the thermoelectric component comprises a
plurality of pairs of legs, which legs are connecied via the contact material electrically in
series and thermally in parallel. This yields compact thermoelectric components of high

efficiency.

Preferably, the n- and p-legs of a pair of legs are electrically interconnected at one side of
the thermoelectric component via the contact material, and the n-leg of the aboye-
mentioned pair of legs is connected at the opposite side of the thermoeiectric component
to another neighboring p-leg and the p-leg of the above-mentioned pair of legs is

electrically connected to another neighboring n-leg.

Preferably a mechanical stabilization is provided between neighboring legs. Such a
thermoelectric component is very robust and can also be used in vibrating environments

without failure of the welded joints.

According to a further preferred embodiment at least one of the legs is provided at one or
both ends or on the faces with at least one additional layer as a diffusion barrier and/or
adhesive layer and/or for reducing the transition resistance to the contact material. It is

also possible that the contact material comprises at least one additional layer as the



construction with a nechanical stabilization; Figs.
6-9are schematic illustrations show ng a nethod for
produci ng a thernoel ectric conponent; and 9 Figs.
10-12 show di fferent gap welds for contacting p- and
n-legs with electrically conductive contact material .
Beside Fig. 1, which has already been described in
the introduction to the sBecification, Fig. 2 is a
schematic illustration showing a preferred enbodi nent
f [ j s LN
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Eﬁpemmméegsed for l'i ke features, and for reasons of a
clear illustration reference nunerals are not always
indicated in the figures for all simlar features,
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Fig.2 is a schematic illustration showing a pair of legs of a thermoelectric
component;
Fig. 3 is a schematic illustration showing a thermoelectric component arranged

around z thermoconductor;

Fig. 4 is a schematic ilfustration showing a thermoelectric component of a flat
construction;
Fig. 5 is a schematic illustration showing a thermoelectric component of a fiat

construction with a mechanical stabilization;

Figs. 6-9 are schematic iliusirations showing a method for producing a

thermoelectric component; and



According to a preferred enbodi nent the electrically
conductive contact materials 4 in the | ower area of
Fig. 2 are however electrically conductively
connected to further neighboring legs 2, 3. This
means that in Fig. 2 the n-leg 2 is connected at its
| eft side to a further p-leg (not shown) whereas the
p-leg 3 at its right side% s el ectroconductively 10
connected to a further n-leg (not shown). Apart from
Fig. 1, such arrangenents are also found in Figs. 3
to 5, which are described hereinafter. Hence, the n-
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separate adhesive layer is also possible, where al
| ayers can be arranged in different sequences. Again
an electroplating nethod is preferably suited for
applying said |ayers to the contact material 4. A
mechanically stable and also an electrically and
thermal Iy highly conductive connection can be
establ i shed by providing #lditional |ayers on the
electrically conductive contact material 4 and/or the
rye.to reduce, the
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Preferahly, hos eiaetheamehonm;c&wé a,bstac:i tnatesiabd Sxayaxé\mateﬁgﬁ addition or
conprise mate
atemal50 kP GpB R Rt ByoEnandin fel SRR eGP et epliy 7 ahder
furtherpiiffustoti argers Bedn in dhes tustrated Embsdwnemmhel e[@c’mcﬁ!ly Sonducve

contao oL EBor b ASSHBRRL! 65,805 BoP e uledle sppotye

and p- iegsrﬁo& nexido anbdtitiend! ohdtalizatign &, eneah exiarier diffedier bater 6

betweei\c)gilhe %ai%a%gé:? %&Lg %ﬁacﬁf af t'o\ﬁ%ﬁgt‘fvteg?ngal&b?ﬁaﬁxgi ?_-\é\foper. A
Co, A, In, Sn, Pb, Te, Sb Bi, Se, S, Au, Zn, Si and

Ge. This is al so true for the coatings of the contact
material 4.



It is particularly advantageous when the cont act
material 4 conprises a strip or wwre of Ta, W M,
Nb, Ti, C, Pd, V, Pt, Rh, Re, Cu, Ag, Ni, Fe, Co,
Al, In, Sn, Pb, Te, Sb, BE, Se, S, Au, Zn, Si or Ce
al one or in conmbination wth one or several other

el ements. Possible are also several strips or wires
of contact material 4 thattare placed one on top of
the other or side by side. Likewise, it is possible

hat, a |l ayer applied._ to the contact terial .
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af orenenti oned enbodi nents nay al so be conbined with
one another in any desired way. Fig. 3 is a schematic
Preferdbly, URé hadhdp-kBQMENGDrbrish & el & 6fithe GNIBRRBRIMmdnts or a

arranged around a thernoc ctor n trast to
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advant ageous when the thernoel ectric conponent 1 is
mechanically flexible and can be adapted to the cross
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Sb], af®OINCReNt]; lsdch MiHifB! BRT=£®BYSE0BmBE,, S138E; and Sb.Tes.
installation situations because in contrast to
conventional soldered joints the welded joints
sustain substantially greater | oads and are |ess
prone to breakage. Each of Figs. 4 and 5 shows
t hernoel ectric conponents 1 of a flat construction.
The contact surfaces of the legs 2, 3 are each
provided in their longitudinal direction L with
di ffusion barriers 10. In contrast to Fig. 4 the
enbodinent in Fig. 5 has no continuous, electrically
i nsul ating outer substrate 5, but conprises sections
of said substrate 5. Each of the sections of the
substrate 5 covers the strips of the electrically



14 stabilization 13 is provided in the interior of
the thernoel ectric conponent 1, the stabilization
encl osing the respective legs 2, 3 and separating
nei ghboring I egs fromeach other. This nechanica
stabilization 13 can remain in the thernoelectric
conponent 1, but can al so be renobved again after
manufacture thereof. In th2 first-nmentioned case it
shoul d not be electrically conductive and only show

. Very pootr ernmal. conduction; j.n the second case the
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stabilization 13, it is possible to flexibly adapt
t hernoetastic conponent 1 stabilized in this wa
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are already arranged, as desired, wth
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al so possible to use legs 2, 3 with different |eg

Prefera{b?yr,] %‘l %?’ihe’%s—ieg% g and p-legs 3 are welded to the corresponding strips or
wires of electrically conductive contact material 4. However, it is also passible that the
legs 2, 3 are only welded at one side of the thermoelectric component 1 to the strips or
wires of electrically conductive contact material 4, e.g. on the upper side with respect to
Fig. 2. At the opposite side the legs 2, 3 may also be connected by another joining
method (solder method, mechanical joining method) to the respective strips or wires of
the electrically conductive contact material 4.



for the conposition of the legs and their form
reference is made to the precedi ng description.
Subsequently, the legs 2, 3 are preferably surrounded
by a matrix material as mechanical stabilization 13,
as has been descri bed above. Previously described,

el ectrically conductive contact material 4 is each
time wel ded for connectioh3of two nei ghboring n- and
p- Iegs 2, 3 on the top side and on the bottonlside
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here. It is possible in all nethods to preheat the

legs 2, 3 to be welded and/or the contact naterial 4
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Each of Figs. 4 and 5 shows thenmoelectric components 1 of a flat construction. The
contact surfaces of the legs 2, 3 are each provided in their longitudinal direction L with
diffusion barriers 10. In contrast to Fig. 4 the embodiment in Fig. 5 has no continuous,
electrically insulating outer substrate 5, but comprises sections of said substrate 5. Each
of the sections of the subsirate 5 covers the strips of the electrically conductive contact

material 4, so that an electrical insulation to the outside is ensured.

It is thus possible to deform the thermoelectric component 1 so as to adapt it to

geometrically difficult installation situations. For reinforcing purposes a mechanical



Wth the welding nethod al nost all materia

conbi nations of contact material and |eg material and
of the materials positioned on top or underneath can
be connected to one another. This acconplishes high
adhesi on, and very high-nelting materials can be
connected at the sane tine, so that contacting
satisfies the respective tdhernmal demands. Moreover,
contacts established with this technique are
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After the n-leg 2 has been welded at the left side of
Fig. 10 in a first welding step, gap BE of the gap

el ectrode 14 is set to the width B3 of the p-leg 3

| ocated at the right side and is positioned above
said leg. As an alternative, it is also possible to
change the position of the thernoelectric conponent 1
accordingly. For the secoHd subsequent wel ding step
further melding parameters, such as current flow,

ng ,GuULr eat er i od and/ or
fortne &GPt piuB Tl M ML Bl e S e e R ERS
descrifitiont he smaller p-leg 3, which is nade up of a
different material. It is also possible to change the
wel ding tool itself and to adapt the wel ding
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possiblahatrdiladf the h-mandgniggt 28 aad welbied egparately, 6it dilhelitdregudy to the
cont F tgﬁ%f wel ded, Fig. 12 shows a further enbodi nent in
ontachiieEi 8 e contact material encloses an end of the | eg
2 3 to be welded at least in part in a radia
ctro

preferghly, ¢ wBRingaBenh Brnel Befusties WEHl b hbedare ding soot
wetdmg abjatticth wacr“ng on rdR vﬁé‘idrh@@r@ﬁga}ﬂy t&é&m@&rnw&ﬁﬂimﬁ carried

oUtin r% an t he ont nﬁrerra force S@ ;
T BV opear S ¥ E‘ﬁ‘& qars ‘M“ %\'B@%tl’{%&é preven
cﬁntamihﬁmntd‘fehe:r&rﬁitiaﬁértrmﬁrwmyedxﬂbsl. Bikpwizef ©srm@siieltb carry out the
Id.corrre%fxondin recesses or hollows for the ends of
welding ethes inYaciiiever . it is al so possible that these
recesses are onIy formed by pressing a per se flat

strip of. c n material 4 onto.the respective leqg. .
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. contact material or_vice vers case
either VL RO GRBCY PP C B SogES, YRSl ROt pyeeing shouid
particupalyoe méntlongd heid. 1 s advant ageous when all n-legs 2

or all p-legs 3 are welded to the contact material 4

at the sane tine. To be nore specific, it is
itis poaﬂmanm aly awitfodehe Breticht thell@ps?, 2 tofbeansdad ael/dtthe coitact

. tom side of the thernoelectric conponent 1) or al
mate“% ARG WS% Mhe side are sinultaneously wel ded to the

contact material 4. It is also possible that the
The e 3paistgh areding e SsiAbpE Acine W agsiot G¥Sidtions up to
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contack Galet  FRE Sprab s S P& periysts) TR bESHRER o top or
particularly coated foils. In thrs instance it is
possi bl e to connect or weld the nmultilayered contact
material 4 in one or several welding steps to each
other and/or to the corresponding leg 2, 3. The
previ ously described enbodi nments refer to a nethod
for producing a thernoel ectric conponent 1 with at
| east one pair of thernoelectric |egs, including an
n-leg 2 and a p-leg 3, both legs 2, 3 being welded to
an electrically conductive contact material 4, the n-



19 leg 2 and the p-leg 3 of the pair of |egs being
wel ded in separate wel ding steps to the contact
material 4, and to a thernoel ectric conponent |I. 20
Patent Clainms 1. A nethod for producing a

t hernoel ectric conponent conprising at |east one pair
of thernoelectric legs, including an n-leg and a
p-1eg, both |legs being wel@ed to an electrically
conductive contact material, characterized in that

th of . alr of legs are
onderndf i e B8 B rdfiealend e b InE 6 of hev Eifindefar
positionet taereabove?2. The net hod according to claim 1,
characterized in that welding paraneters for welding
the n-leg and wel ding paraneters for welding the
With the-weddin@ restisoelt alirmd’eqﬂiafndmnall apndfinadives ahodr@st maeriallaed le

di 1
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Moreoves, quatdoty eatablished inith tids tewhhiqes afadistirayutthed bathightveechanical
side of the contact surface of the respective leg. 4.

Stablllt)ﬁ“he nmet hod according to claim3, characterized in
that wel ding of the n-1eg and/or

Since it is possible to join almost any material combinations of contact material and leg
material and the corresponding layered structures by welding, the thermal expansion
coefficient can be easily adapted and diffusion can be easily prevented by means of
diffusion barriers. Differences in height of the individual legs do not play a role here. The
welding process can be easily automated owing to its simplicity and achievas high
reproducibility.

In Fig. 9, the optional mechanical stabilization 13 is removed if necessary. Subsequently,
the thermoelectric component 1 may e.g. be provided on its fop and bottom side with the
above-described outer substrate 5.

Figs. 10 to 12 depict different gap welds for contacting the n- and p-legs 2, 3 with the
electrically conductive contact material 4. Reference numeral 14 designates a gap
electrode, the two electrode tips of which are spaced apart by a gap BE. The width of
gap BE is variably adjustable. Preferably, the n-leg 2 and the p-leg 3 have different leg
widths B2 and B3.

In the embodiment illustrated in Fig. 10, the gap BE of the gap electrode 14 is set
according to the width B2 of the n-leg 2. The gap electrods 14 contacits the contact
material 4 positioned on legs 2, 3 and presses said material preferably onfo the leg 2 and
3, respectively, to be welded. However, it is also possible that the contact material 4 is



wel ding of the p-leg is perfornmed over the whole
contact surface of the respective leg. 5. The nethod
according to at |east one of clains Ito 4,
characterized in that the contact material consists
of a plurality of layers, preferably of different
materials, which are joined in one or nore wel di ng
steps with each other andidér with the respective |eg.
The nethod according to at | east one of clainms Ito 5,

pressef 13 oL e ko afo e BrbeME a2t dhe Ryrelimek: pAtSlary

be bormainenindlif cohtatkesspwéigigg dnckrded aull &adistanae lbyywsans of iaser
beam \Fﬂgv | ded, thereon andior physico- 21 chemically with

mﬁﬁfglﬂﬁé?n arp Relqing eg and/or a reaction |ayer
provided thereon, and the reaction layer consists of
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characterized in that prior to and/or during the
ective t he ontac erial _is
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After the n-leg 2 has been welded at the left side of Fig. 10 in a first welding step, gap BE
of the gap elecirode 14 is set to the width B3 of the p-leg 3 located at the right side and is
positioned above said leg. As an alternative, it is also possible to change the position of
the thermoelectric component 1 accordingly.

For the second subsequent welding step further welding paramefers, such as current
flow, hold time, biasing current, heating-up period and/or contact pressure are matched
in a corresponding way to the smaller p-leg 3, which is made up of a different material. It
is also possible to change the welding tool itself and to adapt the welding parameters
accordingly. Thus, different welding parameters are set independently of one another
preferably for welding n- and p-legs 2, 3 with different geometry and/or different
composition.

in a further preferred embodiment in Fig. 11, gap BE of the gap electrode 14 contacting
the contact material 4 is set to be wider than the width B2 or B3 of the leg to be
respectively weided.



10. The method according to claim9, characterized in
that the n-leg and the p-leg of the pair of legs are
wel ded by gap welding to the contact material. 11.
The nmethod according to claim 10, characterized in
that the contact material is brought into contact

wi th the corresponding Ie%% and a gap of a gap

el ectrode contacting the ntact material is set in
conformty with a wwdth of the leg to be wel ded.
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I'n a radi al |rec I on
contacPateriat hwith e@orcarﬁ’dntrdttbalgnpcb:breﬁt rode cont acts the
contact material in radial direction of the leg to be
wel ded. 14. The method according to claim 1l or 12,
To thiscdnairibis dvardagbous wihieatthe benige pnaikedtdr is gee-bomedeits t he

corresg?cﬂé%@crj\?\ec%%ég H f%!lom f!)lotﬂgietnﬂg 'oPI%lgs %i, {3%6\)\1%&% is EE% ploggbie
that these recesses are only formed by pressing a per se flat strip of contact materiai 4
onto the respeciive leg ends.

independently of the selected weiding method, it is advantageous when the
thermoelectric component 1 comprises a plurality of pairs of legs so that among a
selection of pairs of legs first the n-leg 2 and then the corresponding p-leg 3 is weided to
the contact material 4, or vice versa. In case the thermoelectric component 1 comprises
a plurality of pairs of legs, it is advantageous when all n-legs 2 or all p-legs 3 are welded
{o the contact material 4 at the same time. To be more specffic, it is advantageous when
all n-legs 2 of one side (top or bottom side of the thermoelectric component 1) or alt p-

tegs 3 of one side are simultaneously welded to the contact material 4.

It is also possible that the contact material 4 is made up of several layerts, preferably of
different materials, that are connected, particularly welded, to each other and/or fo the
respeciive leg 2, 3. These multi-layered contact materials 4 preferably comprise foiis,
pariicularly coated foils. in this instance it is pessibie to connect or weld the mulfilayered
contact material 4 in one or several welding steps to each other and/or to the

corresponding leg 2, 3.

The previously described embodiments refer to a method for producing a thermoelectric
component 1 with at least one pair of thermoelectric legs, including an n-leg 2 and a p-
leg 3, both legs 2, 3 being weided to an electrically conductive contact material 4, the n-



15. The nmethod according to at |east one of clainms 1
to 14, characterized in that welding is perforned
under vacuumor in an inert gas atnosphere. 16. The
nmet hod according to at |east one of clains 1 to 8,
characterized in that the n-leg and/or the p-1leg of
the pair of legs is/are welded to the contact
material by inert gas wel dPng, preferably by MG
wel di ng, tungsten inert-gas wel ding, MAG wel di ng,
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contact matediat €rangidd aithemsiediimecampargniihd/ or the p-1eg of
the pair of legs is/are welded to the contact
material by | aser beam wel ding. 18. The net hod
according to at |east one of clains 1 to 17,
characterized in that the legs to be wel ded and/ or
the contact material are preheated prior to welding.
19. The nmethod according to at |east one of clainms 1
to 18, characterized in that the thernoelectric
conmponent conprises a plurality of pairs of Iegs,
wherei n anong a selection of pairs of legs first the
n-1egs and then the correspondi ng p-1egs are wel ded
to the contact material. 20. The nethod according to
at least one of clains Ito 19, characterized in that
the thernoel ectric conponent conprises a plurality of
pairs of |egs, wherein anong a 23



sel ection of pairs of legs first the p-legs and then
the corresponding n-legs are wel ded to the contact
material. 21. The nethod according to at |east one of
clainms Ito 20, characterized in that the
t her noel ectri c conponent &onprises a plurality of
pairs of l'egs, and all ofYt he n-legs are
si-mul t aneously wel ded to the contact material. 22.
The net hod according, to 6% L east one of clainms Ito
21, characterized i AR CBHBS ¢ her moel ectric
conponent conprises a plurality of pairs of |egs, and
all of the p-legs are simultaneously welded to the
Agoethed for mamcglr:ingla. thergoetririearraneatesrrIising at deagt one pair of
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n-l1eg of the aforenentioned pair of legs is
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welding the odéd and welding: patametenhtor weldingsthg ipteg Rregsat- | eg.

irﬁép?r‘}gaéﬁﬂgﬁtg}%?a@hm_r ding to claim 23, characterized

e n-legs of one side are
simul taneously wel ded to the contact material. 25.
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Lerjal.,. A thernoel ectric conponent, produced
ogﬁg%géé&%ﬁ%"eﬁ%g'a nmet hod according to at |east one of

claims 1 to 26, conprising at |east one pair of
TEQ ﬁ{erllr?oeaj a?c%wclin% tloecgsﬁm f%haracterized in that welding of the n-leg and/or

welding of the p-leg is performed over the whole contact surface of the respective
leg.

The method according to at least one of claims 1 to 4, characterized in that the
contact material consists of a plurality of layers, preferably of different materials,
which are joined in one or more welding steps with each other and/or with the

respective leg.

The method according to at least one of claims 1 to 5, characterized in that the
contact material or a layer provided thereon reacts physico-chemically with the

material of the p-leg and/or a reaction layer provided thereon and/or physico-



10.

11

S 12

13.

whi ch includes an n-leg and a p-leg and which is

wel ded to at | east one electrically conductive
contact material. 28.The thernoel ectric conponent
particularly according to claim 27, conprising at

| east one pair of thernoelectric | egs which includes
an n-leg and a p-leg andMhich is wel ded to at | east
one electrically conductive contact material,
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con erua I's coa
an@ﬂ}mneectton [apeer covsistarof gt Iaasi@nelloﬁWetedﬁméras ma2w, Mo RB, Ti,
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contact naterial, characterized in that the | egs have
ent ions. .30. The ctric. . .
the e ecctsing fe ol e pna LoRi o erdatiizedindhaorior
t6 Iaadmss didring! the 2&speeEdiéI8ing $tedl the eastictangtefdiis pebsed onto
| ec |c I egs which includes an n-leg and a
tb E@gog %h is welded to at |east one
el ectrically conductive contact material,

THedhahbe bbddrbing 'ﬂo biBRl 7! dHargdefikéd Athbitng %Bﬁ’tﬁ@tt th¥tBrial is

contact material encloses an end of the wel ded | eg at
nressed byat taagt one weldingl eleptiode opisrthe lesrta be veelderhe

t hernoel ectric conponent, particularly according to

'ﬁtte rl@tﬂ% ag&(?diﬂgf; t&gﬁggg o%g of claims 1 to 8, characterized in that the

n-leg and the p-leg of the pair of legs are welded by resistance welding separately

to the contact material.

The method according to claim 9, characterized in that the n-leg and the p-

leg of the pair of legs are welded by gap welding to the contact material.

The method according to claim 10, characterized in that the contact material is
brought into contact with the corresponding leg, and a gap of a gap electrode
contacting the contact material is set in conformity with a width of the leg to be

welded. .

The method according to claim 10, characterized in that the contact material is
brought infc contact with the corresponding leg, and a gap of a gap electrode
contacting the contact material is set to be wider than a width of the leg to be

weided.

The method according to claim 12, characterized in that the contact material

encloses an end of the leg to be welded at least in part in a radial direction



14.

15.

16.

17.

18.

19,

20.

to 30, conprising at |east one pair of thernoelectric

| egs which includes an n-leg and a p-leg and which is

wel ded to at | east one electrically conductive

contact material, characterized in that the

electrically conductlve material is welded in

| ongi tudi nal direction of2the wel ded leg to a contact

surface ther eof 32. The thernoel ectric conmponent

AR, 29 08 B cchShe PRa 1 St fiorly Frredtil dection o

the leg te ba mweldedy of | ayers, preferably of different

mat eri als, which are connected to each other and/or

to the respective leg. 25 33. The thernpelectric

Toermethedhacerrdiog db wpim ol icdral 2n dRracterizescinethal the gap electrode
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t hernoel ectri c conponent according to at | east one of

T‘?\F%&ﬁod’g ﬁ%to dﬁh@ﬁs@%@ Bf aﬁﬁi)s 1ntot1t3fatzh+|13§terlzed in that

erectr cal ctive contact mater

wigildimg arpedbem‘ unRcer veclzom duiotanvieerhgaseatitesphes. The

t hernoel ectri c conponent according to at | east one of

claims 27 to 34, characterized in that the contact

Timatneathed aconding toed leastona ¢f aldimat! b 8asharacteripéd irtibat the n-
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e enment s Cr, Pd, V, Pt, Rh, Re,

Cu, Ag, N, Fe, In Sn, Pb, Te, Sh, Bi, Se,
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leg andlor the p-leg of the palr of legs isfare welded to the contact material by
laser beam welding.

The method according to at least one of claims 1 to 17, characterized in that the
legs to be welded and/or the contact material are preheated prior to welding.

The method according to at least one of claims 1 to 18, characterized in that the
thermoelectric component comprises a plurality of pairs of legs, wherein among a
selection of pairs of legs first the n-legs and then the corresponding p-legs are

welded to the contact material.

The method according to at least one of claims 1 to 19, characterized in that the

thermoelectric component comprises a plurality of pairs of legs, wherein among a



21.

22.

23.

24

25.

26.

27.

36. The thernoel ectric conponent according to at

| east one of clainms 27 to 35, characterized in that
the individual |egs are connected via the contact
material electrically in series and thermally in
paral l el . 37. The thernoel ectric conponent according
to at |east one of claind327 to 36, characterized in
that the thernoel ectric conponent conprises a

Seledhic bt phiror @?ﬁ First Hle 1-RYS and BRer! tﬁ@é?r‘f’ésp%!iiﬁ lnf/}é?snare

connected via e contactl materri a ectrica

weaigdaddle theneprtagdmadénial in parallel. 38. The

t hernoel ectri c conponent according to at | east one of

| ai 7 to 37, characterized in, that the n. and
ﬁi'_lq @gﬁﬁoﬁfacgoralgg fo a{\efx% é;gre F 8[aglpse£ 9 #@ &hﬁvctenze% in that the
ﬂhfetrm:}elenmri::emmﬂmln\ehtacqrﬁmises atphohiityraf @;{r]il:isairf] ieafs, mtEarl:Sd)dee n-
of the.thernoel ect cQnponen nd, t hat at the
B350 YRUrFRSY welet 16 B gRst mPRt ek onmonent ¢ he
n-leg of the aforenentioned pair of legs is
Aheinbihol 3kkoraing R 8OESH ohe ofBaINET to 20 characterized in that the

thermoelectric component comprises a pluraiity of pairs of legs, and all of the p-

legs are simultaneously welded to the contact material.

The method according to at least one of claims 1 to 22 characterized in that the
n- and p-legs of a pair of iegs are electrically interconnected via the contact
material at one side of the thermoelectric component, and that at the opposite side
of the thermoelectric component the n-leg of the aforementioned pair of legs is
electrically connected o another neighboring p-leg and the p-leg of the
aforementioned pair of legs is electrically connected to another neighboring n-leg.

The method according to ciaim 23, characterized in that all of the n-legs of one

side are simultaneously welded to the contact material.

The method according to claim 23 or 24, characterized in that all of the p-legs of

one side are simultaneously welded to the contact material.

The method according to any one of claims 1 to 24, characterized in that ali of the

n- and p-legs are welded separately, but simultaneously to the contact material.

A thermoelectric component, produced according to a method according to at least

one of claims 1 to 26, comprising at least one pair of thermoelectric legs



28.

29.

30.

31.

32.

nei ghboring p-leg and the p-leg of the aforenentioned
pair of legs is electrically connected to anot her
nei ghboring n-l1eg. 39. The thernoel ectric conponent
according to claim38, characterized in that the |egs
are wel ded at one side 05 at both sides of the
t hernoel ectri c conponent 40 the contact material. 40.
The thernoel ectric conponent according to at | east
whif anIucfés%‘nmSIe%Enél 8 pi8g afh Whih i Weked td &t I8 bnd electrically
mechani cal stabilization is inserted between
cordushyosanRpt madial. 41, The thernoel ectric conmponent
according to at |east one of clains 27 to 40,
i : .
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S or contact ‘sur aces at’ 'east one of the legs
champtemed irmthat trestleanieslia ddnducbna contastenatersal & coated.
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reduci ng the transition r?aélyst ance to
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resi stance to the respective |leg. 44. The

t hernoel ectric conponent according to at | east one of
ThE dhdfodiéctrie cAmpofdrl BdartiQilamestcdoring@tat 126t one of claims 27
t hernoel ectric cornjon ent_is nechanically f|exible.
o 29, comprising at least one pair of thermoelectric iegs which includes an n-leg
and a p-leg and which is welded to at least one electrically conductive contact
material, characterized in that the electrically conductive contact material

encloses an end of the welded leg at least partly in radial direction thereof.

The thermoelectric component, particularly according to at least one of claims 27
to 30, comprising at least one pair of thermoelectric legs which includes an n-leg
and a p-leg and which is welded to at least one electrically conductive contact
material, characterized in that the electrically conductive material is welded in
Iongitudinai direction of the welded leg to a contact surface thereof.

The thermoeilectric component according to at least one of claims 27 1o 31,
characterized in that the contact material consists of a plurality of layers,
preferably of different materials, which are connected to each other and/or to the

respective leg.
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The thermoelectric component accord'ing to claim 32, characterized in that the

contact material comprises a plurality of layers preferably of coated foils.

The thermoelectric component according to at least one of claims 27 to 33,
characterized in that the electrically conductive contact material is coated with

an electrically conductive material.

The thermoelectric component according to at least one of claims 27 to 34,
characterized in that the contact material comprises a strip of at least one of
the elements Ta, W, Mo, Nb, Ti Cr, Pd, V, Pt, Rh, Re, Cu, Ag, Ni, Fe, Co, Al In,
Sn, Pb, Te, Sb, Bi, Se, S, Au, Zn, Si or Ge alone or in combination with one or a
plurality of other elements and/or with one of the elements Ta, W, Mo, Nb, Ti, Cr,
Pd, V, Pt, Rh, Re, Cu, Ag, Ni, Fe, Co, Al, In, Sn, P_b, Te, Sb, Bi, Se, S, Au, Zn, Si
or Ge alone or in combinatidn with one or a plurality of other elements.

The thermoelectric component according to at least one of claims 27 to 35,
characterized in that the individual legs are connected via the contact

material electrically in series and thermally in parallel.

The thermoelectric component according to at least one of claims 27 to 36,
characterized in that the thermoelectric component comprises a plurality of pairs
of legs, the legs of which are connected via the contact material electrically in

series and thermally in paraliel.

The thermoelectric component according to at least one of claims 27 to 37,
characterized in that the n- and p-legs of a pair of legs are electrically
interconnected via the contact material at one side of the thermoelectric
component, and that at the opposite side of the thermoelectric component the n-

leg of the aforementioned pair of legs is electrically connected to another



39.

40.

41.

42.

43.

44.

26

neighboring p-leg and the p-leg of the aforementioned pair of legs is electrically

connected to another neighboring n-leg.

The thermoelectric component according to claim 38, characterized in that the
legs are welded at one side or at both sides of the thermoelectric component o

the contact material.

The thermoelectric component according to at least one of claims 27 to 39,
characterized in that a mechanical stabilization is inserted between

neighboring legs.

The thermoelectric component according fo at least one of claims 27 to 40,
characterized in that at least one of the legs comprises a chaicogenide- based

material.

The thermoelectric component according to at least one of claims 27 to 41,
characterized in that on one or both ends or contact surfaces at least one of the
legs comprises at least one additional layer as a diffusion barrier and/or

adhesive layer and/or for reducing the transition resistance to the contact

material.

The thermoelectric component according to at least one of claims 27 to 42,
characterized in that the contact material comprises at least one additional
layer as a diffusion barrier and/or an adhesive layer and/or for reducing the

transition resistance to the respective leg.

The thermoelectric component according to at least one of claims 27 to 43,

characterized in that the thermoeleciric component is mechanically flexible.
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45.  The thermoelectric component according to at least one of claims 27 fo 44,
characterized in that the thermoelectric component is a thermoelectric generator

or a Peliier element or a sensor element.



