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several de rat@Fl D has been a techni que for non-contact el ectronic
anti-theft devices in warehouses (EAS: electronic article
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applications consists of the antennae of a reader or of a detector
as wel | safety nmeans or tag which is also 15 referred to as a
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el ectromagnetic field and for detecting the field nodified by the
transponder In this case, the transponder utilized is an LC
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the altgrnating field of the reader. Such type 1l-bit transponders
however "are only suited for the applications nentioned or for
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1- bit transponders are not suited as they only contain the

i nf or mat i of ERFIMR A dteciongs wWell@seier Saf%thWWrtéQd‘dﬁﬁﬂ Bxalso
i nfor mpg i Ofafefr8d td Q@%%raﬁw‘éb@ﬁé@rs ThE'?@a&érafﬁér%gg}%%gv%srﬂb? frﬂ%’r@dﬁiahﬁ an

carriers for storing the infornmation desire
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al so knowneffects the alternating magnetic field of the reader as it passes in front of the
antennae thereof. As a result, the voltage drop in a generator coil in the reader
20 changes slightly, thus indicating the presence of the transponder in the
alternating field of the reader. Such type 1-bit transponders however are only

suited for the applications mentioned or for similar ones.

For other applications, for example for use in the identification of banknotes,

25 animals, patients, in goods and inventory management, as an access system, in
position identification and as an electronic immobilizer system, the preceding 1-
bit transponders are not suited as they only contain the information “present” or
“not present”, but no more complex information. For these purposes, the
transponders must have data carriers for storing the information desired.

30 Usually, an electronic semiconductor memory (chip) is used as the data carrier.
To allow for reading the stored information out of the data carrier, the
transponder must be placed in proximity to the reader. It is also known to
provide a battery for the transponder to operate the chip. This however is

expensive and hence not possible for many applications. Therefore, the energy
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provide a battery for the transponder to operate the chip. This
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low. This heseoress mhdhead:\ram@muér ITheBHaYnAPR rh%ﬁﬁét%@e!d fherefore,
systens have been devel oped, which operate in the F frequency range
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UHF frequencies reserve RFI'D are 8 urope and

i n the USAlhsSinfmenatine defvetiesittyribe chépar at i ng the transponder from t he
reader is in this case considerably greater than the wavel ength, the
antenna of the transponder is not in the near field of the emtting
ant enna of ThaRFlBadetemSonsielgoeatdty jn theerdduehdy eamdet efd:poy several ten

MHz, require quite large antennae. Moreover, the efficiency of this technique is
20 quite low. This however is disadvantageous in many applications. Therefore,
systems have been developed, which operate in the UHF frequency range
(UHF: uitra high frequency, frequency thereof being in general to be understood
to range from 0.3 to 3 GHz, wavelength: 10 cm ~ 1 m). The UHF frequencies
reserved for RFID are 868 MHz in Europe and 915 MHz in the USA. Since the
25 distance separating the transponder from the reader is in this case considerably
greater than the wavelength, the antenna of the transponder is not in the near
field of the emitting antenna of the reader. Consequently, the field emitted by
the reader at the site of the transponder cannot be considered to be an
alternating magnetic field. The electromagnetic radiation emitted by the reader
30 is rather reflected by the antenna of the transponder. By changing a load
resistance in the transponder, its reflection capacity can be maodified so that the
information stored in the chip is modulated to the reflected electromagnetic

radiation and can thus be received by the reader.
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plastic material or ceramcs, is used as the cath or exanpl e.
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copper onto the drum is provided with an adhesive and then pressed against a
paper or plastic foil web as the carrier layer, with the copper structure being
20 transferred to the web.

DE 101 45 749 A1 discloses a method of manufacturing a metal layer on a
carrier body wherein an adhesive layer is applied at least partially on a surface
of said carrier body, a metal foil or metal powder being deposited onto the

25  surface of the carrier body provided with the adhesive layer, said metal foil or
powder being fixed 1o said adhesive layer and then the areas of the metal foil or
powder that are not adhering to the adhesive layer being mechanically removed
s0 that only the areas of the metal foil or powder adhering to the adhesive layer
remain as a structure on the carrier body. For this purpose, a carrier body made

30 of plastic is for example provided with an adhesive. Then, a metal foil, of copper
for example, is applied to the adhesive layer. Next, the copper layer that has
been applied 1o carrier areas that have not been coated with an adhesive are
mechanically removed, such as by brushing. The structured copper tayer can

be reinforced chemically and/or by electroplating. In an alternative variant of the



of said carrier body, a netal foil or nmetal powder being deposited
onto the 25 surface of the carrier body provided with the adhesive

| ayer, sai dvgBb@lifioi| or powder being4fixed to said agdpesbYshByS8"
and then the areas of the metal foil or powder that are not adhering

to the adhesiye |ayer ing nechanically reppved so that only the
areas of th@eﬁﬁdaf%f'@? aﬂ?rﬂbg‘vﬁi’e?al_s% ﬁ@P% R Py Prarginadhesioplaglerol, @
remai n as astalctwel Wen®bellteusedr bt 8is POYse Foe ﬁﬁ%a‘%_!aﬁ#érr%ﬁﬁg esdn the
carrier body made 30 of plastic is for exanple provided vvltL an

adhesi ve. THERS aWhichaie SEIMP Persses Hisemeta! sives patmine, lagficdpipl Then, thee
the adhesi vigelaa)gbr tH¥eXhs nbPBe&PPR]S gﬁ\?\% trc%]rﬂg\?]edqﬁ%chgr@gﬁgfg%ﬁ ad bl,©

carrier areas that have not been coate adhesi

mechani @al IBuskiRBved, such as by brushing. The structured copper
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| east a fraction of copper particles. The suspension is a kind of
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paste containing preferably solder particles made from a material having at

20 least approximately a eutectic composition, for example an alloy or an
intermetallic compound containing at least one of the elements from the group
Sn, In, Bi and Ga, is used for this purpose. The solder paste is printed onto said
carrier.

25 DE 101 45 750 A1 describes a method of manufacturing a metal layer on a
carrier body wherein conductive particles are applied to a surface of the carrier
body so as 1o be fixed thereon and said carrier body with the particles is metal
plated chemically and/or by eleciroplating in a metal plating bath to form the
metal layer. For this purpose, a structured adhesive layer onto which the

30  conductive particles such as copper or iron particies are fixed is first deposited
onto the carrier body for example. Then, the carrier body with the particles fixed
to the adhesive layer are placed into a metal plating bath, a metal layer forming
chemically and/or by electroplating on the juxtaposed particles. Rather than the

adhesive layer, a carrier body provided with adhesive properties may also be
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means of an adhesive for exanple. Next, the passivation |ayer is
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20  form of conductor strips and/or contact areas onto an electrically isolating
substrate. The method comprises applying a first layer of an electrically
conductive vamish in the form of conductor strips and/or contact areas onto the
substrate, the varnish containing inter alia metal particles, curing the first layer
and immersing the substrate carrying the cured first layer into a solution

25  containing ions of a solderable metal for chemically depositing a second layer of
metal onto the first layer. The metal particles in the varnish may be for example
iron particles. The solution may be acidic and may contain sulfuric acid and
copper ions for example. The solution may alternatively be a copper chloride
solution.

30
The problem underlying the present invention is that the transmission properties
of the antennae manufactured using the known methods are not satisfactory, in

particular if used in the UHF range.
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structures rayuané@rdngel substrate. Mre specifically, it is an object
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receive and emit the RFID radiation.

20 ltis still a further object of the present invention to provide a method for
manufacturing pattern-forming metal structures on a carrier substrate used as
an antenna for RFID operation, using a low-cost manufacturing method suited
for mass production of transponders.

25  ltis still a further object of the present invention to provide a method for
manufacturing pattern-forming metal structures on a carrier substrate, wherein

the method is very reliable, in particular under production conditions.

It is still a further object of the present invention to provide a method for
30  manufacturing pattern-forming metal structures on a carrier substrate, wherein
the method permits to manufacture the metal structures to be sufficiently

adherent to the substrate.



15 used as an antenna for RFID operation, which antenna permts to
very reliably achieve a sufficiently |arge transm ssion distance

between a nege®roaesd vely enmitting RFID radiation and gact/isnspRarder
in which the antenna is used to receive and enit the RFID radiation.
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the present invention refers to a nethod of 5 nmanufacturing
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aspect of the present invention refers to a net nuf act uri ng
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mat eri al which econt ariigirt Bees=H06r $isthte into contact with halide ions: and
d. thereafter depositing a metal layer, more specifically a copper
layer, onto the pattern formed by the composite material, so that
metal structures are produced,
20
The method of the invention serves in particular to manufacture antennae for
RFID applications, mainly in the UHF range. An antenna structure provided for
this purpose is for example in the form of two U-shaped branches with the
length of the respective legs of the branches being for exampie just under 10
25 cm, each leg of the two branches being connected with a special semiconductor
component which comprises the electric circuit needed for operating a
transponder. For connection of the semiconductor component 1o the antenna
structure, connecting pads may be provided at each leg at which the
semiconductor component is contacted such as by bonding, either directly or

30 through chip carrier strips (interposer, strap, flip chip packages).

The method of the invention has the advantage that it permits to very reliably
achieve a sufficiently large transmission distance between a reader actively

emitting the RFID radiation and the transponder even if operated in the UHF
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The halide ions preferably are chloride ions, bromide ions or iodide ions, more
20 specifically chloride ions. The halide ions may for example be provided by a
halide salt. The halide salt may for exampie be an alkaline salt, an alkaline earth

salt or a heavy metal salt, more specifically iron(1I} and/or iron(I1I) salt.

The halide ions contained in a solution, the pre-immersion solution, possibly

25  containing additionally at [east one acid. The pre-immersion solution is
preferably aqueous. The acid may in particular be a mineral acid, but basically
also an organic acid. The mineral acid may more specifically be sulfuric acid. If
the mineral acid is hydrochloric acid, another halide ion source can be
dispensed with.

30
A preferred embodiment of the pre-immersion solution is an aqueous solution of
iron(iIT) chloride, which may contain sulphuric acid in particular. Alternatively,

an aqueous solution may be utilized which contains iron(Il) sulphate and an



with a copper |ayer thickness of 5 pm 10 pm 15 pmor 30 pm havi ng
the sane design, so large a transm ssion distance has only been
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speci fi cal Iéhbe sul furic aC[Ht the mineral acid is hydrochloric

aci d, anot HENeRIPIgE G 8RN SElteR C@QF?“EQQ thf Bpisiesien s@i s, is3aceerding to
referred Qﬁ@m:g e GOHERYSy

gol ution of | rSﬂiﬁlmlbllc?]%éﬁ\b%rt?henééaEéédrgg'ys@tEﬁéa?%aﬁ@ ﬁ-{% ric aci (Tl n

part i cuPar .byAhe sermwoisiemateriaina éam@ér@gsmsmn cdjatanaqfr@m atreaderetd tinai ch

contains ir 006/ 007734
SPRe "o Cfisbbais BEALGARIAR A GV ChahfidnBydhn e TAABNGH BOLEET
as sul furi of ’t!m:raadeifisesq@rt@bemmﬁe%mrfosekmhbleﬂoia&oop&@(atmﬁ Athagn

i ncreased t r ef n ex |l e from about 30
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patter nasgr r?hMOE’%HYﬁbsth?éjeﬁﬁﬁ'@?q mptal @yparSg@eli peRsmns &
di stance f IO sft8 AekREridI Opériiming a peel test using an adhesive tape does not

destroy the metal layer on the composite material. Hence the electric resistance
is not impaired.

20 However, if the pattern would be contacted with the halide ions concurrently
with and not prior to metal deposition, by combining method steps ¢) and d), the
electric resistance of the pattern is higher by a factor of 10 -~ 100 than when the
carrier substrate is brought into contact with halide ions prior to metai
deposition. In addition, in such case the deposited metal layer does not

25 sufficiently strongly adhere to the composite material. If a peel test is performed
the metal layer may virtually completely be peeled off the composite material
and sticks to the tape used to perform the peel test. Accordingly the electric
conductivity of the pattern is impaired. The insufficient adherence of the
deposited metal layer to the composite material on the carrier substrate renders

30  such a pattern useless since, in addition to the required large transmission
distance in UHF and MW operation, also a minimum of robustness of the
transponder vis-a-vis mechanical exposure is required if the transponder is

used as non-contact tags.



transponder is achieved in UHF and MN operation even if the radiation
power of the reader is set to be quite low, for exanple to about 500
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halide containing pre-immersion solution. This results from the fact that the
20  achievable transmission distance will be higher and the adherence of the metal
structures manufactured on the carrier substrate will be higher in the first case

than in the second case.

In method step d), the metal is preferably deposited by means of charge
25 exchange reaction. The metal thereby deposits onto the pattern formed by the
composite material whilst dispersed metal contained in the composite material

is concurrently dissolved.

The deposited metal is more specifically copper. Particularly high electric

30 conductivity of the pattern coated with the copper layer is obtained if the copper
is deposited by means of an acidic solution which contains copper ions. More
specifically, a sulfuric acidic copper sulfate solution may be utilized for
deposition, It has further been found advantageous to deposit copper more

specifically by charge exchange reaction by means of a solution containing at



| ower by approximtely a factor of 100 - 1000 than when the pattern
is not brought into contact at all with the halide ions. 10 However,
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deposi tdd netal is nore specifically copper. Particularly high
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cont ai Eandat WO 2007/ 017192 t%‘l PCT/ EPéEOE/ 00773 | east one
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nor e speC|f|caIIy in the aC| dic or in the alkaline nedium 1In the
acidic ([Flg gh honi ¢ acid conpl exi ng agent such as
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triethanol amate8alGaAR lpﬁelﬁdrﬂmﬁ@aﬁg th&terial filled with the dispersed metal is used
alone for forming an antenna structure, no signal can be transmitted at all. For
20  this reason on the one side, a metal coating must be provided to the pattern. On

the other side, a coating with a small coating thickness is advantageous.

Selecting the metal dispersed in the composite material, it has been found that
it should be less noble than the metal deposited in method step d, preferabiy
25  copper. Particularly advantageous dispersed metals are selected from the
group comprising iron, iron base alloys, zinc and zinc base alloys, preferabiy if
copper is the metal deposited in method step d). Iron, in particular high-purity
iron, is a particularly advantageous dispersed metal. For manufacturing the
composite material, an iron powder made from iron carbonyl has been found
30 advantageous. The method utilized for this purpose is similar to the Mond
process developed for nickel powder made from nickel carbonyl. This powder
may in particular have a particle size not exceeding about 6 um. The coating

thickness of the pattern formed by the composite material is for exampie about
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conditions in particular, a particle size not exceeding about 6 pm

is to be preferred.
Screen-printing has been found to be particularly suited as a printing method.

20  Basically, gravure printing may also be utilized. A wet coating thickness of about
10 pm has been found to suffice. A freshiy printed antenna structure dried at
room temperature does not yet have measurable electric conductivity and is
therefore not suited for use as an antenna in a transponder. Only subsequent
metal plating makes the antenna operative. The additional treatment of the

25  invention with halide ions is necessary in particular when used in the UHF

range.

After formation, the pattern formed by the composite material can be gelled
preferably at room temperature. Next, the pattern is brought into contact with
30 the halide ions and finally metal is deposited. If the time elapsed between
pattern printing and metal deposition thereon is more than two hours, the halide
ions additionally prevent the otherwise delayed deposition during charge
exchange and cause the metal to deposit immediately after the pattern has

been brought into contact with the solution.
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operati ve. 'Ei'ﬂé%]%%a;s?gi‘%dﬂf’{set”%at ment of the 25 invention with halide
ions is necessary in particular when used in the UHF range. After
formation, the pattern forned by the conposite material can be gelled
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or a mixture of some or of all of these acids. For metal deposition by

glectroplating onto such type patterns applied to a tape-type carrier substrate,
20  the apparatus described in DE 103 42 512 A can be used, said apparatus being
provided with at least one contacting electrode for the workpiece and at least
one electrolysis region in which at least one counter electrode and the
workpiece are brought into contact with processing liquid, with the contacting
electrode being disposed outside of the electrolysis region and not contacting
25 the processing liquid and said contacting electrode and said electrolysis region
being spaced so close apart to aliow for electrolytic treatment of small
electricalty conductive structures. It has been found advantageous to conclude
with a thermal treatment at about 120°C during about 2 to about 3 min after
electroplating treatment in order to achieve uniform bonding strength. It has
30 been found though that after metal deposition through charge exchange
reaction the need for additional electroless metal deposition and/or metal

deposition by electroplating can be readily obviated.



After netal deposition, the coated pattern is tenpered preferably at
increased tenperature. The tenpering tenperature is just |ow enough
for the canwd en7ogwstrate not to be ingaired (base mat gft@baoo6007734
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t hough that after metal deposition through charge exchange reaction
the need for additional electroless netal deposition and/or netal

For all the following tests, the following conditions were chosen:

20
On a carrier foil consisting of a polyethylene terephthalate material an antenna
structure for UHF operation was screen printed with a paste. The antenna
structure is shown in Fig. 1. The antenna structure consisis of two antenna
branches 1, 2 that are solder-connected to a chip carrier strip 5 at connecting

25 pads 3, 4. The chip carrier strip 5 carries a semiconductor component 6.

The paste contained about 70 wit.-% iron powder with a particle size of 2 - 8
pm, 24 wt.-% of a polyurethane resin-based binder to which a hardener and a
diluting agent for adjusting the viscosity were added just before printing. The
30 wet coating thickness was about 10 ym. After screen printing, the carrier
substrate with the antenna structure printed thereon was gelled for 0.1 — 1 hour

at room temperature.

Thereafter, the printed carrier substrate was treated according to Table 1.



deposition by electroplating can be readily obviated. WO 2007/017192
14 PCT/ EP200G 007734 The carrier substrate preferably consists of at

| east one nmbesai7iszhat is selected fridmthe group conpergbigsionr734
pol yet hyl ene terephthal ate, polyvinyl chloride, polycarbonate,
pol yet hyl ene napht hal ate and i npregnated paper. 5 Prior to applying
the pattern, the carrier substrate is usually cleaned and dried

agai n at nepgh thlB@rédRfRdIHHEMNES str@ctliRR GHthel @FrisrURBEaltn R AXkdRiter-
with the pattern. Between the treatnment steps, the substrate is

rinsed to ré&mpeeteddaResamigosIqien enmpanent masaks tohreciataasier step (UHF
rei nforced C,Wp ﬁéﬁ:—,gtgﬁﬁl\@m nghilw@ﬁ-claﬂﬂg&t’l%i trengt h on polyethyl ene
ee ed to be

t er epht hal at e has eterm cnz in the peel test. By
contrastd, with conductive silver pastes reinforced by el ectroplating,

bondi ng sty h es of _only 2 N e achieved. For, better
onder st andi Vg taPC el @ E TafpBe BafuiotiE F s AT B alPel fhiafta:

Fig. 1: showucarpatasensadoeddat thotiesutians labetediBaandFom Rilgl 11. Fairther, the

following te condi ti gns were chosen:

ts, e follawin h 20 On a
carrier foiEIC?‘@tyﬁE{egﬁrﬁ’émﬁ?'oad ?V&WWaﬁ@rmgﬁgﬁfﬁ%ﬁé?%d%f%ﬁsa%ﬂ%ﬁ
antenna  stTdiahbibgiekoC akhlra ORRER Hal Brafits rfisnoawbE By paste.
The antenna structure is shown in Fig. 1. The antenna structure

consi st!® of two antenna branches 1, 2 that are sol der-connected to a

chip carri Qforﬁ&érjaﬁvesE%mﬁ) ? ﬁ?ﬁrjoﬂgh%s. pads 3, 4. The chip carrier

strip 5 carries a semco ctor conponent 6. The paste contained
about 70 wt.-%iron powder with a particle size of 2 - 6 pm 24

Ww.-%of a et 25| N- i n to which a rdener and a
di luting agcgoﬁjf'e{ (ﬁon%%}?fpg%ﬁrﬁ%rﬁgﬁ\%%jsugagggﬁ{yat\ﬁ&né)tgaat&uw F%é  before
printing. TGenp@ratee oaatpeg A dmdcBhess awasnpaiioh Jf@ rpoal Akpesitiser een
printing, the carrier  substrate with the tenna structure printed
thereoH%vvasgogL@'PPéH”%H?m@?‘fﬁée PRdPmAgraty gﬁaﬂ'@ﬂﬁ AVl a5Hag eaf ter,
the print eqe&igfahteNaRubsintaicd Y vEILeaethiRe il dut i Tahke, In
Comparative Examples A and B metal deposition solutions have been used
which had the following composition: 216 g/l CuSO, - 5§ H20, 50 ml/l H2S0y4,
conc. In Comparative Example C no method step c) was performed, i.e., the

20  carrier substrate was not pre-treated in a pre-immersion solution.

Using the Philips i-connect chips and a SAMSys 500 mW reader, no power
transfer could be located with any of the antenna structures manufactured in
Comparative Examples A and B. Consequently, the transmission distance was
25 0 m. The electric resistance values measured at the antenna structures
produced according to Examples A, B and C were relatively high. Further, the
bond strength of the patiern to the substrate was tested by applying an
adhesive tape to the pattern and peeling same at approximately right angles off
the substrate. If copper was observed to stick to the tape the bond strength was
30 considered not to be sufficiently strong. As Table 2 indicates the bond strength
was satisfactory in Comparative Examples A and B, but was not satisfactory in

Comparative Example C.



WO 2007/ 017192 15 PCT/ EP2006/ 007734 The thus produced antenna
structured on the carrier substrate was next solder- connected to a
sem conductwo 2@onpasent nmounted to a chi® carrier stripp&eaboo&hiTg
carrier strip with a Philips i-connect chip). 5 Next, the electric
resi stance %g{ %n th tmo | egs of a branch of the antenna structure
was neasure Ph cations | abelled 3 and 7 in Fig. 1). Further,
the achievable transnlssion di stance was determ ned using a reader
from SAMSys_. Technol o Canada, which had an emtting power of 500
MV or 3 W TBMeBREarS W@ -IEPARRS|BsSOAaRE R ke (Ve TiRfpeRtEINgIsshaide as

pre-i mer siwall §QlH§#&ré$ar¥dé3\Fall§’@s SothineetraisBt halih @f%me(@m@ﬁ@én'tg&

Exanpl es A and B) and a conposition of a metal deposition

sol uti or? co@ﬁta'nﬁiﬂ wthrall heentenns stosiwes adisaieEavbicedy Si@n@ebdnda@‘

t he resist %cé | ed are set out in
Tabl e 2. atﬂg%opggkégﬁ? ngpa(;%rltaeggAc an {%ﬁbfd]epom tion solutions
have been used which had the follow ng conposition: 216 g/I CuSO»4 5
H2O, 50 m/ n n rative no nethod step c)
was per f or n%ramﬁg%t cfag%(i af(?e@asrﬁrg'ggrusgl?b%f'gxé{%n‘?‘?/(ﬁgmﬂﬁtprﬁr‘@‘”ﬁ?@@ﬂ“ed in
a pre-i mersiutions tHeutleotfic rélsittagct ReclBhily iddickd ©0BNESikg &lbrESmatsidn

SANMBY s eader 0. ovver transfer could be |located with any of
t he ant1 nnérgyt'toﬁ‘d’i”g}oé'éﬂ I URPredMMersionraslion cratananplasy, Aand B.

CO”_Sequent|é{ectﬁ@Raﬁﬁéﬁ'@e"ﬂssa%&ﬁhgﬂiﬂ%tnﬁd}é§sé’éﬂis 25 0 m The electric
resi stance val ues neasured at t antenna structures produced

according to Exanples A, B and C were relatively high. Further, the
bond strengih ofictige pattern to the substrate was tested by appl yi ng
an adhesive tdpe to the pattern and peeling sane at approxi mately

right angles off the substrate. If copper was observed to stick to

e ane, g RADA, AL EPRL DB IR sSnldened Aeto Lo, by S eLent
Conpar at i ven&iaapicesing tarite Bethnd oMBs imeihtisAat Tisd ashofattihg condltsons
were identical to the preceding conditions. The pre-immersion solution
contained 250 ml/l H280,, conc., 10 g/l FeClz - 6 H,0 (corresponding to
Example 1).
20
Using a Philips i-connect chip and a SAMSys 500 mW reader, a continuous
transmission distance of 1.42 m and a maximum transmission distance of 1.74
m were obtained by averaging with 12 antennae, and using a radiation power of
the reader of about 3 W a maximum iransmission distance of 4.02 m was

25 acquired.

It is understood that the examples end embodiments described herein are for
illustrative purpose only and that verious modifications and changes in light

30 thereof as well as combinations of features described in this application will be
suggested to persons skilled in th art and are to be included within the spirit
and purview of the described invention and within the scope of the appended
claims. All publications, patents and patent applications cited herein are hereby

incorporated by reference.
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Table 2: Compositions and Resistance Values with no Halide in the Pre-

Immersion Solution

Test No. | Composition Resistance Peel Test
A 250 ml/l Ha8Qq4, conc., 17.1 g/l 196.0 O ok
FeSO, 7 H0
B 250 ml/l H28 0y, conc., 28.66 g/l 1250 O ok
Fe(ll) gluconate
C 250 ml/l H2S 0y, conc., 10.0 g/l 20 -200 Q failed
FeCla - 6 HxO, 130 g/l CuSQ4 - 5
H.0O

15




i ncorporated by reference. WO 2007/017192 1 7 PCT/ EP2006/ 007734

Tabl e 1: Process Sequence Treatnent step Treatnent duration Treat nent
t enper at ur eVORPEMITIRr Si on sol ution *) ® sec 1) 2) R nicngr3desecs4RT
3) Depositing copper 4) 2 min 40C Rinsing 30 sec RT 3) Tenpering 5
- 10 mn 130C *) except for in Conparative Exanple C5 1) varies 2)

slight air
m/1 H2SO4,

injection 3) roomtenperature 4) 216 g/1 CQuS»4 5 H20O, 50
conc. in water, except for in Conparative Exanple C 10

Pro- 1 mer o) GRSl O T PR <R g e el BRI BBt Rret

250 m /1 H2BOHerssamBolutiaid. 1 g/1 196.00 ok FeSO4. 7 H2O B 250 m /|
H2SO4, conc., 28.66 g/l 1250 0 ok Fe(ll) gluconate C 250 m /I H2SO4,

conc. ,
15 WD 2007
Resi st ance

10.0 g/1 20 - 200f) failed FeCl3 6 H2O, 130 g/1 CuS»4 5 H20

{QII zt]f@(g 1|':I ni;gé@ ﬁggG{ guf/k/124pr Flflbl € 37 Compositions™a &essstance
1 250 ml/l H250s4, conc., 10 g/l FeCl;y - 6 H,O 2.9 Q
2 250 ml/l H2804, conc., 17.1 g FeSO4- 7 H20, 10.8 g/l NaCl | 1.65 Q
3 250 ml/l H2S04, conc., 28.66 g/l Fe(ll) gluconate, 10.8 g/! 1.42
NaCl
4 250 mi/l HzS0q, conc 17.1 o/l FeSQy4- 7 M0, 10.8 g/l 1.46 Q
NacCl, 2 mi/l 2A1 ™"
5 250 ml/l H2SQq, conc., 28.66 g/l Fe(ll) gluconate, 10.8 g/l 1.35Q
NaCl, 2 mlfi 2A1 ")
6 250 mifi H2804, conc., 10.8 g/t NaCl 1.88 Q
250 ml/l H2SOy4, conc., 10.8 g/l NaCl 553 0%
8 250 ml/l H2504, conc., 10.8 g/t NaCl, 28.66 ¢/l Fe(ll) 2.96
gluconate
9 37 wt.-% HCI 1.98 Q
10 9.7 g/t KBr 350 Q
11 250 mi/t Hz804, conc., 9.7 g/l KBr 2950
12 250 ml/l HS04, conc., 9.7 g/l KBr, 28.66 g/l Fe(ll) gluconate | 2.08 Q
13 250 mi/t H280y, conc., 9.7 g/l KBr, 28.66 g/l Fe(ll) gluconate | 3.83 Q 2)
14 9.7 g/l KBr, 28.66 g/l Fe(ll) gluconate <90.8 Q
15 250 mi/l H2S04, conc., 5.7 g/l KBr, 28.66 g/l Fe(ll) gluconate | 1.86 Q
16 250 mi/l H2S04, conc., 9.7 g/l KBr, 28.66 g/l Fe(ll) gluconate, | 1.96 Q
10.8 g/l NaCl
17 250 mifl Ho8Q,4, cone.,8.5 g/l Kl 1.58 Q
18 250 mifl H2SO,, conc., 9.7 g/l KBr, 28.66 g/l Fe(ll} gluconate | 1.85 Q

') Wetting agent
%) In the tests 8 and 13, the pattern formed by screen printing the composite

material onto the substrate was aged for 19 hours.




| mersion Solution 5 Test No. Conpositi 251 Resistance 1 250 m /|
H2S04, conc., 10 g/l FeCl3 6 HRO 2.9 0 27250 m /I H2SOQ4, conc., 17.1
g/l Fes04 7 H20, 10.8 g/l NaCll 1.65 0 3 250 m /I H2SO4, conc.,
28.66 g/ Me{ithpcghHsonate, 10.8 g/l 1.42 0 Nad 4 250 m /| H2SO4,
conc., 17.1 g/l FeSO4 7 H2O, 10.8 g/1 1.46 0 Nad, 2 m/I 2A1 ') 5
250 m /I H2SO4, conc., 28.66 g/l Fe(ll) gluconate, 10.8 g/l 1.35 0

NaCl, 2 m/|] 2A% 1).6 250 m /]l H2SO ong., 10.8 g/l cl 1,88 11.7
250 m /1 Hosor, AdkdTed Shrhyiacing pafdTaumbp el sbiies padsari
conc., 10.8 g/| sta8lrate?28ohfriginly the(fbllowidg MetBodBhelsHnate 9 37 wt. - %
HCl 1.98 0 10 9.7 g/l KBr 350 0 11 250 m /I H2SO4, conc., 9.7 g/l

KBr 2.95 0 12 250 niProvigpgdhe cesifg substratey/ | KBr, 28.66 g/1 Fe(ll)

I 2.08 13 , . i /1
et 208, .12 PRt 0gr Jul Ryt
gl uconate 590.8 0 1mat&fAahtdntaibRSiispesnd.metdl, WvigdreinkBe, diRdsrééd pidtal

Fe(l'l) gluconate 1.86 0 16 ;5 m/l H2SH4, conc., 9.7 g/l KBr, 28.66
g/1 Fe(ll) gl uconatels BS§HPE TENLAPPE NaC 17 250 ml /| H2SO4,

conc.,8,5 g/l K 1. S%riggﬂ% ReQamidd sUiRSb wﬁﬁ@?e Paﬁeﬁn %/rﬁﬁeHEfﬁ%re%%ﬁﬁ
g/l Fe(ll) gluconate 1.85 ") Wetting agent 2 n the tests an
13, thdOpattern formie bymposikemaseiialtin methbe steppoisia eontaat with aklide
onto the substrate was agde(a for 19 hours. 19
ions; an
d. after method step c. depositing by charge exchange reaction a
metal layer onto the pattern formed by the composite material,

producing thereby metal structures.

15
2, The method according to claim 1, characterized in that the pattern
formed by the composite material is brought into contact with a sclution
containing the halide ions and at least one acid.
20 3. The method according to any one of the preceding claims, characterized
in that the halide ions are chloride ions, bromide ions or iodide ions.
4. The method according to any one of the preceding claims, characterized
in that the metal deposited in method step d) is copper.
25
5. The method according to claim 4, characterized in that copper is
deposited by means of an acidic solution.
6. The method according to claim 5, characterized in that the acidic solution
30 contains sulfuric acid.
7. The method according to any cne of claims 4 — 6, characterized in that

copper is deposited by means of a solution containing at least one

complexing agent for copper.



Patent Clainms: 1 A method of manufacturihpg pattern-formng netal
structures on a carrier substrate, conprising the follow ng nethod
steps: 5 a. providing the carrier substrate; b. formng a pattern on
the carrier substrate with a conposite material containing dispersed
metal , wherein the dispersed netal is |ess noble than copper; C,

bri ngi ng t e carlheemesigsseecardingitelrnyrmepelialaims 4 or e araiedzsd inythatlo

ons: and . af tar arhdReaRER TR 1% ERnbrot b Rug g Res iln SRyLESper

reaction a netal |ayer onto the pattern forned by the conposite

mat eri al., roduﬁTiﬁng thereby netal structures. 15 2. The net hod )
accordi Ag t% cl diNg Methathperaréingde@nypnandltthemseerding clrRIMe of iargcisyized

t he conposite i i i ; i i
cont ai i ng. t he Tarane careRe that-Dafbdahach st BB gttt era,
accordi ng to anypetemedfroththepgreapdiongpriag imsn, icdrabasd elloyEedind and hat
the halide ions are (ihl oride ions, bromde ions or iodide ions. 4.
The met hod accol@AdP¥Sany one of the preceding cl ai s,
characterized in that the netal deposited in nmethod step d) is
copper. 25 5. The method according to claim4, characterized in that
copper 10s  deposhicemetiochactsding tamnacing ef thelpieseding laimsechaahietized

according to cl aj , i dn.that the acidic solution 30
cont ai ns sul fur %ﬁ%i*ﬁé@&%@g hé?%d%ﬂg%‘é@ﬁrg&ﬁ%nt o any one of clains
4 - 6, characterized in that copper is deposited by neans of a
solution containing at | east one conplexing agent for copper. _

11. The'method according to any one of claims 9 and 10, characterized in

that the iron is made from iron carbonyl.
15
12.  The method according to any one of the preceding claims, characterized

in that the dispersed metal has a particle size not exceeding 6 pum.

13.  The method according to any one of the preceding claims, characterized
20 in that the composite material additionally contains conductive carbon

particles.

14.  The method according to any one of the preceding claims, characterized
in that the pattern-forming composite material is gelled at room

25 temperature.

15.  The method according to any one of the preceding claims, characterized
in that the copper deposited onto the composite material is tempered at
increased temperature.

30
16.  The method according to claim 15, characterized in that the tempering

temperature is just low enough not to impair the carrier substrate.



20 8. The method according to any one gi claims 4 - 7, characterized
in that the netal dispersed in the conplsite material is | ess noble
than copper. 5 9. The nethod according to any one of the preceding

claim, charact efidfdinddatdibiide ﬁ%bi‘tﬁebﬁ%&@édiﬁ% FARsAERS afterized
| east one dispersed netal selecCte rom the group conprising iron,

i ron base al | oysn tratmopgerd izdewositedsmtatioyempaditd hatdhea witht & ddckness
according to any one of .the preceding clains, characterized in that
t he di spersed né}oglengewpaﬁ-W@ri ty iron. 11. The nethod according to
any one of claims 9 and 10, characterized in that the iron is nmade
fromiron car bon_lyl. 15 12. The nethod according to any one of the
precedi Ag cl%i nelhecigihast apsording toraryiee efibedirepeding ¢lammsarharastesized

particle size. ndh yRRELoRth By A ARLILASEAhAG {0oA0Y roNF

of the preceding clains, aracteri

mat eri al addi ti dhalgryus ootn@rismgospudyctiivie, selybethamarddind a6d addlic The
nmet hod accor di ngr to any one of the preceding clains, characterized

in that the patt'R8form ng conposite material is gelled at room 25
tenperature. 15. The nethod according to any one of the preceding
clainms, characterized in that the copper deposited onto the
conposilffe ridt eriTdle nethahperwdingtto anycrreasfdtietpeapeadiagy wlems36hdrécteTiaed

t hod di im 15, .characterized jn that the t i
Lomporatur o i 4EoUBeycBASHE OF e 8! F oGy 1 RS B3l or Subst r ate.

21 17. The nethod according to any one of the preceding clains,

characterized in _that copper is deposited onto the conposite material
with a thi déhesslhe method according to any one of the preceding claims, characterized

in that the pattern is formed on the carrier substrate by printing.
15
21.  The method according to any one of the preceding claims, characterized

in that the pattern is formed on the carrier substrate by screen printing.

22.  The method according to any one of the preceding claims, characterized
20 in that the carrier substrate consists of at least one material selected
from the group comprising polyethylene terephthalate, polyvinyl chloride,

polycarbonate, polyethylene naphthalate and impregnated paper.

23.  The method according tc any one of the preceding claims, characterized

25 in that the pattern is an antenna structure.

24.  The method according to claim 23, characterized in that the antenna
structure has connecting pads provided for contacting a semiconductor
component.

30
25.  The method according to any one of claims 23 and 24, characterized in

that the antenna structure is suited for UHF reception.



not exceeding 5 pm 5 18. The net hod acggrding to any one of the
precedi ng clains, characterized in that“the conposite materi al
contains at |east one binder selected from the group conprising
epoxy resins. p i i iAS. 1 :
met hod accordinghrgﬁgﬁmﬁgﬁgé%?hgﬁg p é%g%?t%%érggﬁgﬁééﬁﬁ&géggﬁ%@gﬁREd
in that the conposhatdt weaudleddbr manafasturihganteenpadercRFEDusdhe met hod
according to any one of the preceding clains, characterized in that
the pattern is formed on the carrier substrate by printing. 15 21.
The net hod according to any one of the preceding clains,
characterized in that the pattern is fornmed on the carrier substrate
by screen printing. 22. The nethod according to any one of the
precedi ng clains, characterized 20 in that the carrier substrate
consists of at |east one material selected fromthe group conprising
pol yet hyl ene terephthal ate, polyvinyl chloride, polycarbonate,

pol yet hyl ene napht hal ate and i npregnated paper. 23. The net hod
according to any one of the preceding clains, characterized 25 in
that the pattern is an antenna structure. 24. The nethod according to
claim 23, characterized in that the antenna structure has connecting
pads provided for contacting a sem conductor conponent. 30 25. The
nmet hod according to any one of clains 23 and 24, characterized in
that the antenna structure is suited for UHF reception. 22 26. The
met hod according to any one of the preceding clainms, characterized in
that it is suited for manufacturing antennae for RFID use.



