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tion may be removed from end portions of the antenna Wire 
using laser ablation. Laser ablation may also be used to create 
various mechanical and security features. 
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FORMING CHANNELS FOR AN ANTENNA 
WIRE OF A TRANSPONDER 

TECHNICAL FIELD 

[0001] The invention relates to “inlay substrates” used in 
the production of “inlays” for “security documents” such as 
electronic passports, electronic ID cards and smart cards and, 
more particularly, to hoW an antenna Wire may be mounted to 
the inlay substrate (and subsequently connected to an RFID 
(radio frequency identi?cation) chip or chip module disposed 
on the inlay substrate). 

BACKGROUND 

[0002] Transponders are electronic devices incorporated 
into secure documents such as “smart cards” and “electronic 
passports” using RFID (radio frequency identi?cation) tech 
nology. 
[0003] The transponder (or inlay, or chip card) itself gen 
erally comprises (includes): 

[0004] a substrate (or inlay substrate) Which may com 
prise a sheet of a synthetic material; 

[0005] a chip (or chip module, or chip unit) installed on 
the substrate (or in a recess in the surface of the sub 
strate) and having terminals (or contact surfaces, or 
pads); and 

[0006] an antenna Wire (or conductor) mounted on the 
substrate, formed With “tums” as a ?at coil and con 
nected (bonded) by its ends or end portions to the termi 
nals of the chip module. (In some of the drawings pre 
sented herein, only one end or end portion of the antenna 
Wire may be shoWn, for illustrative clarity, particularly 
in the cross-sectional vieWs.) 

[0007] The inlay substrate may comprise one or more lay 
ers of PVC, Polycarbonate (PC), polyethylene (PE), PET 
(doped PE), PETE (derivative of PE), TYVEK, TeslinTM, 
Paper or Cotton/Noil, and the like. For example, a single layer 
of uncoated TeslinTM, With a thickness of 356 microns. In the 
main hereinafter, inlay substrates comprising TeslinTM or 
polycarbonate (PC) Will be described. 
[0008] TeslinTM is a synthetic printing media, manufac 
tured by PPG Industries. TeslinTM is a Waterproof synthetic 
material that Works Well With an Inkj et printer, Laser printer, 
or Thermal printer. TeslinTM is also single-layer, uncoated 
?lm, and extremely strong. In fact, the strength of the lami 
nation peel of a TeslinTM sheet is 2-4 times stronger than other 
coated synthetic and coated papers. TeslinTM comes in the 
siZes of 7 mil to 18 mil, though only siZes 10 mil and 14 mil 
are siZed at 8.5" by 11", for printing With most consumer 
printers. Also available are perforated versions of Teslin, spe 
ci?cally, 2up, 6up, and 8up. TeslinTM is a microporous poly 
mer. Polycarbonate (PC) is typically used for national ID 
cards, and also as the material in certain passports (such as for 
the Datapage, in contrast to the e-Cover). 
[0009] The inlay substrate may have an area designated as 
a “transponder site” Whereat the chip module Will be 
installed. (A recess in the inlay substrate may constitute the 
transponder site.) The transponder site may itself have tWo 
areas designated as “terminals areas” corresponding in posi 
tion to the tWo terminals of the chip module Which Will be 
installed at the transponder site. (The transponder site and 
terminal areas are generally geometric abstractions, the chip 
module and terminals are physical elements.) Hence, it 
should be understood that, Where applicable, the terms (and 
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reference numerals for) “transponder site” and “chip module” 
may be used interchangeably, and that the terms “terminal 
areas” and “terminals” may similarly be used interchange 
ably. 
[0010] In the main hereinafter, RFID chips incorporated 
into chip modules Will be described. The chip module may be 
a leadframe-type chip module comprising an RFID chip 
encapsulated by a mold mass and supported by and connected 
to a leadframe having tWo terminal areas. 

[0011] the mold mass may be approximately 240 pm 
thick and 5 mm Wide 

[0012] the leadframe may be approximately 80 pm thick 
and 8 mm Wide. 

[0013] The chip module may be disposed in a recess 
extending into the surface of the substrate measuring for 
example 5.5 mm Wide><8.5 mm high (generally the recess is 
only slightly larger than the chip module to alloW some clear 
ance during installation, While maintaining good registra 
tion). 
[0014] The recess for receiving the chip module extends 
into the inlay substrate from a “top” surface thereof, and may 
be a “Window” type recess extending completely through the 
inlay substrate to a “bottom” surface thereof, or the recess 
may be a “pocket” type recess extending only partially 
through the inlay substrate toWards the bottom surface 
thereof. 
[0015] The recess may have a “straight” pro?leiin other 
Words, substantially constant cross-dimension through (or 
into) the inlay substrate. Or, the recess may have a “stepped” 
pro?le, including a larger cross-dimension at the top surface 
of the substrate than at (or toWards) the bottom surface of the 
inlay substrate. The recess is generally siZed and shaped to 
accommodate the siZe and shape of the chip module being 
disposed therein. The term “cavity” may be used interchange 
ably With “recess”. A stepped recess pro?le is commonly used 
to accommodate a leadframe module, since the leadframe is 
typically Wider (8-10 mm) than the mold mass (4-6 mm) of 
the chip module. 
[0016] The antenna Wire can be self-bonding copper Wire 
or partially coated self-bonding copper Wire, enamel copper 
Wire or partially coated enamel Wire, silver coated copper 
Wire, un-insulated Wire, aluminum Wire, doped copper Wire 
or litZ Wire. 

[0017] The conventional method of mounting the Wire is 
using a sonotrode tool Which vibrates, feeds the Wire out of a 
capillary, and embeds it into the surface of the substrate. 
Examples of embedding a Wire in a substrate, in the form of a 
?at coil, and an ultrasonic tool for performing the embedding 
(and a discussion of bonding), may be found in US. Pat. No. 
6,698,089 (refer, for example, to FIGS. 1, 2, 4, 5, 12 and 13 of 
the patent). See also FIGS. 1 and 2 ofU.S. Pat. No. 6,233,818. 
Both of these patents are incorporated by reference herein. It 
is also knoWn that a coated, self-bonding Wire Will stick to a 
synthetic (e. g., plastic) substrate because When vibrated suf 
?ciently to soften (make sticky) the coating and the substrate. 
[0018] The conventional method for connecting the ends or 
end portions of the antenna Wire to the terminals (or “terminal 
areas”) of the chip module is by means of thermo compres 
sion (TC) bonding. This method makes use of heat by passing 
pulses of electric current through a thermode and simulta 
neously applying pressure to cause a diffusion process 
betWeen the Wire and the leadframe of the chip module. 
[0019] FIGS. 1A and 1B illustrate an example of a prior art 
technique, such as is disclosed in US. Pat. No. 6,233,818 for 



US 2011/0247197 A1 

mounting an antenna Wire to an inlay substrate and connect 
ing the antenna Wire to a chip module installed in a recess in 
the inlay substrate. 
[0020] An inlay sheet 100 is a large inlay substrate Which 
may have a plurality of transponder areas (or sites) 102, a one 
of Which is shoWn in some detail. Typically, several transpon 
ders (or transponder sites) are fabricated on a single inlay 
sheet. 

[0021] A recess 106 is formed in the inlay substrate 102 for 
receiving a leadframe type chip module 108, positioned as 
shoWn, With the mold mass 112 situated beloW the leadframe 
114. The leadframe 114 of the chip module 108 has tWo 
terminal areas 108a and 10819. An antenna Wire 110 having 
tWo ends (or end portions) 110a and 11019 is mounted on the 
substrate and connected to the terminal areas 108a and 10819 
of the chip module 108. 

[0022] The Wire may is mounted to the substrate using an 
ultrasonic embedding tool such as a sonotrode having a cap 
illary 116. Mounting the antenna Wire may proceed as fol 
loWs: 

[0023] using the sonotrode, embed the Wire a short dis 
tance, betWeen the points “a” and “b” near a ?rst termi 
nal of the chip module. (embedding is indicated by the 
symbols “x”) 

[0024] stop embedding (raise the sonotrode), and pass 
over the ?rst terminal of the chip module, betWeen the 
points “b” and “c”. 

[0025] loWer the sonotrode and resume embedding at the 
point c , and form the turns of the antenna betWeen the 
points c and “d” (embedding is indicated by the sym 
bols “x”) 
[0026] there may be for example 4 or 5 turns, and the 

overall length of the antenna Wire may be 104 cm 

[0027] notice that in forming the turns of the antenna, 
the Wire may need to cross over itself, thus requiring 
an insulated Wire. HoWever, in some cases, the 
antenna Wire does not need to cross over itself. See, 
for example, FIG. 4 ofU.S. Pat. No. 6,698,089. 

[0028] after approaching near the second terminal of the 
chip module, stop embedding and pass over the second 
terminal of the chip module, betWeen the points “d” and 

[0029] resume embedding a short distance on the oppo 
site side of the chip module, betWeen the points “e” and 
‘(f,~ 

[0030] The embedding process may be discontinuous, at 
several points, rather than continuous. 
[0031] In a next stage of the process, the “connection” 
portions of the Wire passing over the terminal areas are inter 
connected to the terminal areas of the RFID chip, typically by 
means of thermo compression bonding. A thermode 118 for 
performing bonding is illustrated. It is knoWn to remove 
insulation from the connection portions of the antenna Wire to 
improve bonding. 
[0032] In the case of Teslin (synthetic paper), a normal 
insulated Wire Would not properly embed into the material, it 
Would detach. Therefore, it is knoWn to use self-bonding Wire 
Which attaches to the material With a slight penetration of the 
Wire in the material. 

[0033] 
prise 

A self-bonding (or self-adhering) Wire may com 
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[0034] a metallic core (typically, but not necessarily 
round in cross-section) comprising copper, aluminum, 
doped copper, gold, or LitZ Wire, and may have a diam 
eter of 0.010-0.50 mm 

[0035] a ?rst coating or “base coat” comprising modi?ed 
polyurethane, and having a thickness of only a feW 
microns 

[0036] a second coating comprising polyvinylbutyral or 
polyamide, and having a thickness of only a feW 
microns. 

[0037] The transponder thus formed on the inlay substrate 
may be incorporated, for example, in an electronic passport 
cover. The material for the cover layer of the passport may be 
a cloth product, With chemistry in the coatings and a leather 
like appearance to the cloth, such as by Holliston Inc. (905 
Holliston Mills Road, Church Hill, Tenn. 37642; WWW.hol 
liston.com) 
[0038] FIG. 1C shoWs a passport cover having a cover layer 
and an inlay substrate. The cover layer is laminated (joined) to 
the inlay substrate using a polyurethane hot melt adhesive, 
such as approximately 50-80 pm thick. Prior to the adhesive 
process, the inlay substrate may be pre-pressed to ensure that 
the antenna Wire does not protrude over (extend above) the 
surface of the TeslinTM substrate, in other Words, to ensure 
that the antenna Wire is fully embedded in the inlay substrate. 

SUMMARY 

[0039] According to the invention, generally, channels may 
be formed in the inlay substrate of a transponder, such as by 
laser ablation, and the antenna Wire may subsequently be laid 
in the channels. Laying the Wire in a channel ensures that it 
substantially fully embedded in the substrate, thereby elimi 
nating a need for pressing the Wire into the substrate. The 
channels may be tapered, or pro?led, to enhance adhesion of 
a self-bonding Wire. A recess for the chip module can also be 
formed using laser ablation, and insulation may be removed 
from end portions of the antenna Wire using laser ablation. 
Laser ablation may also be used to create various mechanical 
and security features. 
[0040] More speci?cally, laser ablation may be used to 
ablate material from an inlay substrate of a secure document, 
such as for 

[0041] (i) creating a recess (cavity or pocket) to accom 
modate a chip or chip module and/or 

[0042] (ii) forming grooves or trenches in the substrate or 
?lm to accept a Wire conductor Which may serve as the 
antenna of a transponder incorporated into the secure 
document 

[0043] (iii) forming mechanical (such as stress relief) 
and security (anti-tampering) features 

[0044] Laser ablation causes the removal of material from a 
substrate. More generally, many of the features described 
herein can be achieved via photochemical and phototherrnal 
response of the substrate material to laser irradiation. In other 
Words, material of the substrate could be photochemically 
and photothermally activated material at the time of laying 
the Wire doWn. 
[0045] According to an embodiment of the invention, a 
method of mounting an antenna Wire to a surface of a sub 
strate for a transponder chip comprises: forming a channel in 
the surface of the substrate for accepting the antenna Wire; 
laying a self-bonding antenna Wire into the channel; and 
While laying the antenna Wire into the channel, performing 
one or more of thermally or electrically Warming the Wire, or 
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activating an adhesive layer of the Wire by chemically. The 
channel may be formed by laser ablation of the substrate 
material. The substrate may be frozen during performing 
laser ablation. The substrate may comprise polymer material, 
or a porous material or a non-porous material or TeslinTM. The 

channel may be formed With a single or With multiple passes 
of the laer. The channel may be U-shaped. The channel may 
be formed by a mechanical tool, or by a hot mold process. The 
channel may have as a depth Which is less than a diameter of 
the Wire, and as the Wire is laid doWn into the channel, it is 
pressed further into the substrate. The channel may be formed 
by removing material from the substrate. A recess for receiv 
ing a chip module in the substrate may be formed in conjunc 
tion With laser ablation of the channels, and the recess may be 
a stepped recess. The channel (or channels) may extend from 
an edge of the recess. 

[0046] According to an embodiment of the invention, an 
edge region of the inlay substrate may be thinned using laser 
ablation. Studs may be formed in the thinned region for 
inserting into holes of a separate element in the thinned edge 
region. Holes may be formed in the thinned region for receiv 
ing studs of a separate element in the thinned edge region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] Reference Will be made in detail to embodiments of 
the disclosure, examples of Which may be illustrated in the 
accompanying draWing ?gures (FIGs). The ?gures are 
intended to be illustrative, not limiting. Although the inven 
tion is generally described in the context of these embodi 
ments, it should be understood that it is not intended to limit 
the invention to these particular embodiments. 

[0048] Certain elements in selected ones of the ?gures may 
be illustrated not-to-scale, for illustrative clarity. The cross 
sectional vieWs, if any, presented herein may be in the form of 
“slices”, or “near-sighted” cross-sectional vieWs, omitting 
certain background lines Which Would otherWise be visible in 
a true cross-sectional vieW, for illustrative clarity. In some 
cases, hidden lines may be draWn as dashed lines (this is 
conventional), but in other cases they may be draWn as solid 
lines. 

[0049] If shading or cross-hatching is used, it is intended to 
be of use in distinguishing one element from another (such as 
a cross-hatched element from a neighboring un-shaded ele 
ment). It should be understood that it is not intended to limit 
the disclosure due to shading or cross-hatching in the draWing 
?gures. 
[0050] Elements of the ?gures may (or may not) be num 
bered as folloWs. The most signi?cant digits (hundreds) of the 
reference number correspond to the ?gure number. For 
example, elements of FIG. 1 are typically numbered in the 
range of 100-199, and elements of FIG. 2 are typically num 
bered in the range of 200-299. Similar elements throughout 
the ?gures may be referred to by similar reference numerals. 
For example, the element 199 in FIG. 1 may be similar (and 
possibly identical) to the element 299 in FIG. 2. Throughout 
the ?gures, each of a plurality of elements 199 may be 
referred to individually as 19911, 199b, 1990, etc. Such rela 
tionships, if any, betWeen similar elements in the same or 
different ?gures Will become apparent throughout the speci 
?cation, including, if applicable, in the claims and abstract. 
[0051] FIG. 1A is a top vieW of a transponder site (one of 
many on an inlay sheet), according to the prior art. 
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[0052] FIG. 1B is a side, cross-sectional vieW, partially 
exploded, of a Wire being mounted to an inlay substrate and 
bonded to the terminals of a transponder chip, according to 
the prior art. 
[0053] FIG. 1C is a perspective vieW of a secure document 
Which is an electronic passport cover, according to the prior 
art. 

[0054] FIG. 1D is a cross-sectional vieW of the secure docu 
ment of FIG. 1C, according to the prior art. 
[0055] FIG. 2A is a cross-sectional vieW illustrating a tech 
nique for creating channels for mounting an antenna Wire in 
an inlay substrate, according to an embodiment of the inven 
tion. 
[0056] FIG. 2B is a cross-sectional vieW illustrating a tech 
nique for creating channels for mounting an antenna Wire in 
an inlay substrate, according to an embodiment of the inven 
tion. 
[0057] FIG. 2C is a cross-sectional vieW illustrating a tech 
nique for creating channels for mounting an antenna Wire in 
an inlay substrate, according to an embodiment of the inven 
tion. 

[0058] FIG. 2D is a perspective vieW illustrating a tech 
nique for creating channels for mounting an antenna Wire in 
an inlay substrate, according to an embodiment of the inven 
tion. 

[0059] FIG. 2E is a cross-sectional vieW illustrating mount 
ing an antenna Wire in a channel, according to an embodiment 
of the invention. 

[0060] FIG. 3A is a perspective vieW illustrating a tech 
nique for forming a recess in an inlay substrate using laser 
ablation, according to an embodiment of the invention. 
[0061] FIG. 3B is a cross-sectional vieW illustrating a tech 
nique for forming a recess in an inlay substrate using laser 
ablation, according to an embodiment of the invention. 
[0062] FIG. 3C is a cross-sectional vieW illustrating a tech 
nique for forming a recess in an inlay substrate using laser 
ablation, according to an embodiment of the invention. 
[0063] FIG. 3D is a cross-sectional vieW illustrating a tech 
nique for forming a recess in an inlay substrate using laser 
ablation, according to an embodiment of the invention. 
[0064] FIG. 4 is a perspective vieW illustrating a technique 
for forming channels for mounting an antenna Wire in an inlay 
substrate, according to an embodiment of the invention. 
[0065] FIG. 5 is a cross-sectional vieW of a technique for 
forming channels for mounting an antenna Wire in an inlay 
substrate, according to an embodiment of the invention. 
[0066] FIG. 6A is a cross-sectional vieW of a technique for 
mounting and connecting an antenna Wire to a chip module of 
a transponder, according to an embodiment of the invention. 

[0067] FIG. 6B is a cross-sectional vieW of a technique for 
mounting and connecting an antenna Wire to a chip module of 
a transponder, according to an embodiment of the invention. 

[0068] FIG. 6C is a cross-sectional vieW of a technique for 
mounting and connecting an antenna Wire to a chip module of 
a transponder, according to an embodiment of the invention. 

[0069] FIG. 7A is a perspective vieW of a technique for 
mounting and connecting an antenna Wire to a chip module of 
a transponder, according to an embodiment of the invention. 

[0070] FIG. 7B is a cross-sectional vieW taken on a line 
7B-7B through FIG. 7A. 
[0071] FIG. 7C is a top vieW of a further step in the tech 
nique of FIG. 7A. 
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[0072] FIG. 8 is a perspective vieW of forming trenches 
around a recess in a substrate, according to an embodiment of 
the invention. 
[0073] FIG. 9A is a top vieW, and FIGS. 9B and 9C are 
cross-sectional vieWs of a technique for forming a protected 
area around a chip module in an inlay substrate, according to 
an embodiment of the invention. 

[0074] FIG. 10A is a perspective vieW, and FIG. 10B is a 
cross-sectional vieW of a technique for “pinning” a chip mod 
ule in a recess in an inlay substrate, according to an embodi 
ment of the invention. 
[0075] FIG. 11A is a perspective vieW, and FIG. 11B is a 
cross-sectional vieW of a technique for retaining a chip mod 
ule in a recess in an inlay substrate, according to an embodi 
ment of the invention. 
[0076] FIG. 12A is a cross-sectional vieW ofa technique for 
modifying an edge portion (region) of an inlay substrate to 
mate With an other element such as a ?ap, according to an 
embodiment of the invention. 
[0077] FIGS. 12B and 12C are partial perspective vieWs of 
alternatives to the technique shoWn in FIG. 12A, according to 
embodiments of the invention. 

DETAILED DISCLOSURE 

[0078] Various “embodiments” of the invention (or inven 
tions) Will be discussed. An embodiment is an example or 
implementation of one or more aspects of the invention(s). 
Although various features of the invention(s) may be 
described in the context of a single embodiment, the features 
may also be provided separately or in any suitable combina 
tion. Conversely, although the invention(s) may be described 
herein in the context of separate embodiments for clarity, the 
invention(s) may also be implemented in a single embodi 
ment. 

[0079] The relationship(s) betWeen different elements in 
the ?gures may be referred to by hoW they appear and are 
placed in the draWings, such as “top”, “bottom”, “left”, 
“right”, “above”, “beloW”, and the like. It should be under 
stood that the phraseology and terminology employed herein 
is not to be construed as limiting, and is for descriptive pur 
poses only. 
[0080] The invention relates generally to inlays and tech 
niques for making the inlays, including technical features and 
security features. As used herein, an “inlay” may be a single 
or multi-layer substrate containing HF (high frequency) and/ 
or UHF (ultra-high frequency) radio frequency identi?cation 
(RFID, transponder) chips and/ or modules. These inlays may 
be used in secure documents, such as, but not limited to, 
electronic passports (ePassports) and electronic ID (eID) 
cards. 
[0081] In some of the ?gures presented herein, only one end 
or end portion of the antenna Wire and a corresponding single 
one of the tWo terminals of the chip module may be shoWn as 
described, as exemplary of hoW both ends or end portions of 
the antenna Wire may be mounted to the inlay substrate and 
connected by a connection portion of the antenna Wire to the 
terminals of the chip module, unless as otherWise may be 
noted. A connection portion of the Wire may be an end or end 
portion of the Wire. 
[0082] In some of the techniques for mounting and con 
necting an antenna Wire presented herein, mainly the mount 
ing of the antenna Wire is described in detail. Typically, the 
connecting of the antenna Wire Will occur subsequent to 
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mounting, using a conventional thermode-type tool in a con 
ventional manner, and may only be brie?y discussed and/or 
shoWn. 
[0083] In the main, examples of electronic passport covers 
With inlay substrates having leadframe modules may be used 
to illustrate the embodiments. It should be understood that 
various embodiments of the invention(s) may also be appli 
cable to other secure documents containing electronics (such 
as RFID and antenna), such as electronic ID cards. Secure 
documents may also be referred to as “electronic documents”. 
In the main hereinafter, secure documents Which are passport 
inlays, typically cold laminated (With adhesive), are dis 
cussed. 
[0084] The folloWing embodiments and aspects thereof 
may be described and illustrated in conjunction With systems, 
tools and methods Which are meant to be exemplary and 
illustrative, not limiting in scope. Speci?c con?gurations and 
details may be set forth in order to provide an understanding 
of the invention. HoWever, it should be apparent to one skilled 
in the art that the invention(s) may be practiced Without some 
of the speci?c details being presented herein. Furthermore, 
Well-knoWn features may be omitted or simpli?ed in order not 
to obscure the descriptions of the invention(s). 

Forming Channels or Grooves to Accept the Antenna Wire 

[0085] The conventional technique (such as inU.S. Pat. No. 
6,233,818) for mounting the antenna Wire is by ultrasonically 
embedding (countersinking) it into the surface of the inlay 
substrate. Ideally, the antenna Wire is fully embedded so that 
it is ?ush or beloW the top surface of the inlay substrate. 
HoWever, With ultrasonic embedding, the Wire may become 
only partially embedded, such as approximately half its diam 
eter. In other Words, a 100 um diameter Wire may be embed 
ded 50 um (half its diameter) into the inlay substrate, and may 
protrude approximately 50 um (half its diameter) from the 
surface of the inlay substrate. And, in the case of adhesively 
sticking, a 100 um diameter Wire may be substantially not 
embedded at all into the inlay substrate, and may protrude 
approximately 100 um (its entire diameter) from the surface 
of the inlay substrate. 
[0086] For applications such as driver’s license or pass 
ports, it is generally not desirable that the Wire extend (pro 
trude) above the surface of the inlay substrate. As discussed 
hereinabove, the chip module may be recessed so as to be 
substantially contained Within the inlay substrate (or sheet), 
Without sticking out and creating a bump. 
[0087] According to an embodiment of the invention, the 
antenna Wire may be mounted so as to be substantially 
entirely disposed (embedded) Within the surface of the inlay 
substrate, Without protruding therefrom. In other Words, the 
Wire Will be substantially entirely recessed beloW the surface 
of the inlay substrate. 
[0088] Generally, this may be accomplished by creating a 
“groove” (or “channel”, or “trench”) in the surface of the 
inlay substrate to accept the antenna Wire. Then, the antenna 
Wire may then be laid (inlaid, pressed, sunk) into the groove. 
[0089] In general, the groove may be formed either by 
removing material from the substrate (by analogy, digging a 
trench With a shovel, and tossing the dirt aside), or displacing 
material of the substrate (by analogy, hoeing a trench to push 
aside dirt). Some exemplary techniques for removing or dis 
placing material Will be described beloW. A mechanical tool, 
such as a Wire bonder, may be used to form and press the Wire 
into the groove. 



US 2011/0247197 A1 

[0090] The depth of the groove should be at least a substan 
tial portion of the diameter of the Wire, such as at least 50% of 
the diameter of the Wire, including at least 60%, at least 70%, 
at least 80% and at least 90%, and the groove may be at least 
as deep as the Wire diameter, such as at least 100%, at least 
105%, at least 110%. In some cases, described beloW, the 
groove may be a “deep trench” Which is much greater than the 
diameter of the Wire, for routing the Wire from one level, such 
as just Within the surface of the substrate) to another level, 
such as deep Within the substrate, such as for facilitating 
connecting the Wire to contact areas or pads of a module 
Which are disposed beloW the surface of the substrate (see, for 
example, FIGS. 2B and 2D Where the Wire ends are bonded to 
a bottom surface of the leadframe, rather than to the top 
surface thereof). 
[0091] For example, for mounting a 60 um diameter Wire, a 
groove Which is approximately 60 um deep may be formed 
into the surface of the inlay substrate. As discussed beloW, in 
conjunction With mechanically embedding the antenna Wire 
in the groove, heat may be applied to alloW further embed 
ding. Therefore, for example, a 60 um Wire could be pressed, 
With heat, into a 40 um deep groove, andbecome substantially 
entirely embedded Within the surface of the substrate, Without 
protruding therefrom. 
[0092] The groove may be less deep than the diameter of 
the Wire and, as the Wire is laid doWn into the groove, it may 
be pressed further into the substrate. Or, after the entire 
antenna Wire is laid doWn, the inlay substrate may be placed 
in a press Which may further sink the antenna Wire into the 
inlay substrate. The process may be performed in a Warm 
environment to soften the substrate. The Wire may be Warmed 
as it is being laid doWn (scribed, sunk) into the trench 
(groove) to facilitate its entry into the trench. 
[0093] The Width of the groove may be approximately 
equal to the diameter of the Wire. For example, for a Wire 
having a diameter of 60-80 pm, a laser beam having a diam 
eter of 0.1 mm (100 pm) Would create a groove suf?ciently 
Wide (100 pm) to receive the Wire. The groove may be nar 
roWer than the diameter of the Wire, such as approximately 
95% of the diameter of the Wire, to facilitate an “interference” 
?t, securely holding the Wire in position for subsequent han 
dling. In general, a groove Which is signi?cantly Wider than 
the diameter of the Wire Would not be preferred, since it Would 
tend not to retain the Wire (such as by interference ?t), Without 
more (such as an adhesive). 
[0094] The groove may be slightly narroWer than the diam 
eter of the Wire, and as the Wire is being laid doWn, the 
material of the inlay substrate may resiliently retract (e.g., 
elastic deformation) to receive the Wire, holding it in place. 
Generally, the Wire typically has a circular cross-section (but 
may have other cross-sections, such as a ribbon Wire), and the 
groove may have a substantially rectangular cross-section. 
For example, a 60 um Wide groove may receive and retain in 
place an 80 um diameter Wire. The Wire may be Warmed as it 
is being laid doWn (scribed, sunk) into the groove to facilitate 
its entry into the groove. 
[0095] The groove may simply be a channel extending 
along the surface of the inlay substrate, formed by a mechani 
cal tool (ultrasonic stamp or scribe), or by a hot mold process. 
Alternatively, the groove may be formed by laser ablation, in 
a manner similar to hoW recesses are made. 

[0096] Generally, the groove facilitates holding the Wire in 
place. For example, a 100 micron diameter Wire can be 
inserted (With some pressure) into a narroWer, such as 95 
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micron Wide channel (the depth of the channel should be at 
least half the diameter of the Wire, so that the Wire can be 
embedded “over center”), and Will stay in place. It is bene? 
cial that this can be done Without requiring an ultrasonic 
embedding tool. As mentioned above, mounting a Wire to the 
inlay substrate is typically done by ultrasonically embedding 
the Wire into the inlay substrate, or ultrasonically causing a 
self-bonding Wire to adhere to the inlay substrate. The “chan 
neling technique” disclosed herein can proceed faster than the 
ultrasonic techniques, and sheets can be prepared With Wire 
channels, off-line, then the Wire can be installed in a simple 
embedding machine Which does not need ultrasonics. 
[0097] According to an embodiment of the invention, chan 
nels (or grooves, or trenches) are formed in the substrate for 
receiving the antenna Wire, and the antenna Wire is installed 
(laid) into the channel, Which has several advantages, such as 
eliminating the need for the pressing operation associated 
With ultrasonic embedding of the antenna Wire. Various tech 
niques for forming the channels Will brie?y be described. 
[0098] FIG. 2A (illustrates a technique 200a using a laser 
250 to form a groove (channel, trench) 25211 in a surface of an 
inlay substrate 202. This is an example of removing material 
to form the groove. The laser 250 is shoWn moving from 
left-to-right in the ?gure. Laser ablation of material to form 
channels (grooves, trenches) Will be described in greater 
detail hereinbeloW. 
[0099] A Wire 210 is shoWn being laid doWn into the groove 
25211, from left-to-right, and may be urged into the groove 
25211 by a simple pressing tool (or Wheel) 254. The Wire 210 
may be laid into the groove 252a during formation of the 
groove (channel), by folloWing after the laser a distance “u”. 
[0100] Although only one straight groove is shoWn, a 2-di 
mensional (x-y) groove pattern may thus be formed in the top 
surface of the inlay substrate, extending from (originating and 
terminating at) a recess in the inlay substrate, for accepting an 
antenna Wire having a number of turns or coils. As mentioned 
above, insulated Wire is relevant Where the Wire needs to cross 
over itself, such as in FIG. 1A. Methods of forming a single 
groove With multiple passes of the laser, and forming grooves 
With tapered (pro?led) sideWalls are described beloW. 
[0101] The Wire may be a self-bonding (coated, self-adher 
ing Wire). In conjunction (such as simultaneous) With laying 
the Wire in the groove (channel), the Wire 21 0 may be Warmed 
thermally (such as With heat), chemically activated (such as 
With alcohol), or Warmed electrically (such as by passing a 
current through the Wire. The pressing tool 254 itself may be 
heated. Or, a separate heating element 256 may be provided, 
such as a noZZle directing hot air onto the Wire either imme 
diately before (to the right of) or after (to the left of, as shoWn) 
the pressing tool 254. The heating element 256 may be a laser 
operating in a range to heat the Wire suf?ciently to activate the 
adhesive coating. 
[0102] FIG. 2B illustrates a technique 2001) using a 
mechanical tool 260!) to form a groove 25219 in a surface of an 
inlay substrate 202. This is an example of removing material 
to form the groove. The tool may be a milling tool, such as a 
conventional or climb milling tool available from IBAG SWit 
Zerland AG, described hereinabove. Reducing the tempera 
ture of the material being milled, as discussed above, may be 
employed. 
[0103] Alternatively, the tool 250!) may be similar to a 
“gouge” used to carve patterns in Wood. (GougeiCarving 
tool With a curved cutting edge.) A gouging tool 250!) is 
shoWn moving from left-to-right in the ?gure. In this ?gure, 
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the Wire (202) and the pressing tool (254) are omitted, for 
illustrative clarity. The “debris” from gouging (or milling) is 
also omitted, for illustrative clarity. 
[0104] In either of using laser ablation or a mechanical tool 
to form the channels, the process is one of removing material, 
and may be performed at reduced temperature, such as by 
chilling (freezing) the inlay substrate (polymer) With a stream 
of cold gas, such as freeZe gas (or spray) at approximately 
—500 C. (resulting in the substrate being chilled to approxi 
mately —200 C.). A suitable freeze spray is Kontakt Chemi 75 
(CRC Industries). 
[0105] FIG. 2C illustrates a technique 1200c using anultra 
sonic stamp tool 2500 form a groove 2520 in a surface of an 
inlay substrate 202. This is an example of displacing material, 
With pressure, to form the groove. The tool may be a thin 
rectangular block, or a small diameter cylinder, mounted to an 
ultrasonic converter (not shoWn). The tool 2500 is shoWn 
moving from left-to-right in the ?gure. In this ?gure, the Wire 
(202) and the pressing tool (254) are omitted, for illustrative 
clarity. A similar tool could be used to push the Wire further 
into the substrate, once it has already been (partially) embed 
ded therein. 
[0106] FIG. 2D illustrates a technique 200d forming a 
groove 252d in the surface of an inlay substrate 202 by using 
heat and molding. Essentially, a die tool 250d having a raised 
pattern 251 corresponding to the desired pattern for the 
groove(s) is pressed (arroW) doWn against the surface of the 
inlay substrate 202, and heat may be applied, to transfer the 
pattern to (mold the pattern into) the inlay substrate. This 
technique can also be considered to be “displacing”. 
[0107] Regarding techniques for displacing material to 
form a channel for the antenna Wire, it could be said that in 
straightforWard embedding (ultrasonic, sonotrode), the Wire 
displaces substrate material as it is embedded into the surface 
of the substrate. It should be understood that the displacing 
techniques described herein are performed With a tool sepa 
rate and distinct from the Wire, and prior to the Wire being 
embedded in the surface of the substrate. 
[0108] It should be understood that the channels for 
antenna Wire being discussed herein are “pre-formed” (prior 
to mounting/ embedding the antenna Wire therein) in a desired 
pattern for the antenna. An inlay substrate may be prepared 
With such pre-formed channels for later embedding of 
antenna Wire. 

[0109] The channel to accept a Wire does not have to be 
laser ablated, it can be formed through direct etching (litho 
graphic process), x-ray (using a mask), chemically, mechani 
cally or thermally (electromagnetic radiation). Or it could be 
a transfer process using an additional layer of material, such 
as adhesive, in Which channels are formed prior to the addi 
tional layer of material being placed on the inlay substrate or 
after it is placed on the substrate. 
[0110] FIG. 2E shoWs embedding a Wire in the channel. 
This can be done during channel formation, such as indicated 
in FIG. 2A, With the Wire folloWing close behind the laser, or 
the Wire can be installed in a separate step after the entire 
channel is formed. In this example, a groove 252e (compare 
any of grooves 262a, 262b, 2620, 262d) is formed in the 
substrate 202, and a Wire 210 installed (inserted, mounted, 
laid into) in the groove using any suitable mechanical tool 
254. 
[0111] The Wire conductor used to countersink in the laser 
ablated (or otherWise formed) trench or channel in the sub 
strate may be a self-bonding Wire With a coating of polyure 
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thane adhesive as an outer layer and an insulated layer as the 
inner core surrounding the metal Wire such as copper. During 
the countersinking process of placing the Wire conductor into 
the trench or channel, a laser may be used to soften or melt (or 
activate) the outer layer of the Wire in order to bond the 
self-bonding Wire to the Walls of the trench or channel. 
[0112] It should be understood that When a Wire is installed 
into a pre-formed groove, this is different than ultrasonic 
embedding of a Wire into a non-grooved surface of a sub 
strate, such as is disclosed in Us. Pat. No. 6,698,089 (or U.S. 
Pat. No. 6,233,818). The tool 254 for installing the Wire into 
the groove 252e may or may not be ultrasonic. 
[0113] After installing, the Wire may protrude slightly 
above the top surface of the substrate 202. If su?icient pres 
sure, heat and/or ultrasonic are used during installing the Wire 
and/or the groove is suf?ciently deep, the Wire may be fully 
embedded, ?ush With the top surface of the substrate. 
[0114] It should be understood that the channel to accept 
the Wire does not have to be laser-ablated, rather it can be 
formed using other techniques such as gouging, ultrasonic 
stamp and heat mold, as described above, as Well as by using 

[0115] direct etching (lithographic process), 
[0116] x-ray (using a mask), 
[0117] chemically, 
[0118] mechanically or thermally. 

[0119] It is Within the scope of the invention that channels 
for accepting antenna Wire may be formed in a layer or ?lm of 
material Which is separate from the substrate, such as 

[0120] forming channels in a layer of adhesive on the 
surface of the substrate, or 

[0121] forming channels in a ?lm of material, then 
applying the ?lm to the substrate 

Laser Ablation of Polymers 

[0122] Laser ablation may be used to remove material from 
a substrate or ?lm, typically of a synthetic material, typically 
of an inlay substrate of a secure document, such as for 

(i) creating a recess (cavity, pocket) to accommodate a chip or 
chip module and/ or 
(ii) forming channels (or grooves or trenches or notches) in 
the substrate (or layer or ?lm) to accept a Wire conductor 
Which may serve as the antenna of a transponder incorporated 
into the secure document 

[0123] The controlled removal of substrate material by 
intense light is called laser ablation, derived from the Latin 
Word ablatum, or sometimes also referred to as Ablative 
Photo Decomposition (APD). The material removal occurs 
only if a certain threshold in light intensity is exceeded. 
[0124] Laser ablation is the process of removing material 
from a solid (or occasionally liquid) surface by irradiating it 
With a laser beam. At loW laser ?ux, the material is heated by 
the absorbed laser energy and evaporates or sublimates. At 
high laser ?ux, the material is typically converted to a plasma. 
Usually, laser ablation refers to removing material With a 
pulsed laser, but it is possible to ablate material With a con 
tinuous Wave laser beam if the laser intensity is high enough. 
[0125] The depth over Which the laser energy is absorbed, 
and thus the amount of material removed by a single laser 
pulse, depends on the material’s optical properties and the 
laser Wavelength. Laser pulses can vary over a very Wide 
range of duration (milliseconds to femtoseconds) and ?uxes, 
and can be precisely controlled. This makes laser ablation 
very valuable for both research and industrial applications. 
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[0126] The simplest application of laser ablation is to 
remove material from a solid surface in a controlled fashion. 
Laser machining and particularly laser drilling are examples; 
pulsed lasers can drill extremely small, deep holes through 
very hard materials. Very short laser pulses remove material 
so quickly that the surrounding material absorbs very little 
heat, so laser drilling can be done on delicate or heat-sensitive 
materials. 
[0127] A typical laser for ablating synthetic material such 
as TeslinTM or polycarbonate is an ultra violet diode pump 
laser operating at the Wavelength of 355 nm. 
[0128] Laser ablation may be used for the machining of 
cavities in commercial polymers (ultra high molecular Weight 
polyethylene andpolycarbonate) to accept an electronic com 
ponent such as a microchip (or chip module). Heretofore, UV 
laser ablation of commercial polymers in industrial applica 
tions have had limited commercial success because of high 
ablation thresholds, loW ablation rates resulting in loW pro 
duction throughput and re-deposition of debris. 
[0129] Laser ablation of polymers can be performed under 
atmospheric conditions and at room temperature, making it a 
very attractive alternative to traditional micromachining of 3 
dimensional structures using high speed mechanical milling. 
[0130] Thermoplastic polymers (compound With a molecu 
lar structure) have a loW thermal conductivity and extremely 
high UV absorption and so direct bond breaking Without heat 
is possible using lasers emitting in the UVrange 157-355 nm. 
This process is called cold ablation and for the ablation of 
most polymers, nanosecond UV lasers are Well suited. 
[0131] The nature of the interaction mechanisms betWeen 
the laser beam and the polymer substrate depend on the 
parameters of the laser light energy and on the physical (mi 
crostructure) and chemical properties (the arrangement of 
atoms or molecules Within a polymer) of the substrate. 
[0132] The successive phases in the irradiation of a poly 
mer substrate With intense nanosecond UV-pulses can be 
described roughly in the folloWing diagrams: 
[0133] A laser beam may be focused on a substrate to cause 
ablation. Ablation may be broken doWn into the folloWing 
three phases 

[0134] (a) interaction of the laser beam With the target 
substrate With UV light absorption and generation of 
electronic excitation 

[0135] (b) high pressure generated by bond breakage of 
the target substrate. 

[0136] (c) removal or sputtering of the ablated material 
from the target substrate. 

[0137] The ?rst phase of the laser ablation process begins 
With the absorption of photons at UV Wavelengths in the 
substrate and this leads to electronic and vibrational excita 
tion of the molecules. 
[0138] In a second phase, the electronic excitation relaxes 
and a conversion decomposition mechanism takes place via 
heat generation (photothermal activation), photochemical 
and photomechanical reaction. This mechanism induces 
bond breaking, evaporation and desorption. HoWever, the 
exact pathWays leading to decomposition are unclear and 
controversial. See Bauerle, D. (2000). Laser Processing and 
Chemistry, third ed. Advanced Texts in Physics. Berlin, 
Heidelberg, NeW York: Springer-Verlag, incorporated by ref 
erence herein. 

[0139] In a third phase, mainly gaseous components (a 
multiple of the original solid) Will be forcefully ejected from 
the surface at high pressure, causing the removal of material. 
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The components travel With speed and are preceded by a 
shockWave front due to compression of the ambient atmo 
sphere. 
[0140] The ejected plume consists of vapor, driving gas and 
particles of Which some Will be re-deposited as debris around 
the ablation crater. (The Word crater is used in laser science to 
describe the process of ablation (explosive), the resulting area 
is a recess When machined properly at the right Wavelength, 
pulse duration and ?uence. A crater may be a recess, or a 
channel, or any feature formed by laser ablation.) 
[0141] The deposition of debris can be minimiZed by 
directing a medium such as He or H2 to the ablation area at 
loW pressure. These gases alloW the plume to expand much 
faster preventing less particle formation and re-deposition. 
[0142] Apart from the substrate material, the most impor 
tant laser parameters affecting the ablation mechanism are: 

[0143] Wavelength (7») of the laser emission and the abil 
ity of the polymer substrate to absorb that Wavelength 

[0144] Pulse energy (E) 
[0145] Intensity or irradiation ?uence (CD) of the laser 
beam delivery 

[0146] Pulse duration (t) 
[0147] Frequency of the pulses (usually referred to as the 

repetition rate) (Q) 
[0148] Angle of incidence 
[0149] Beam shape and quality 
[0150] DWell time (irradiation time at a particular spot) 

[0151] But, these parameters are further in?uenced by 
other factors such as multiphoton absorption, thermal diffu 
sion, scattering due to surface roughness, and various hydro 
dynamical processes. 
[0152] It is a general object of the invention to structure 
polymer materials for hosting RFID chips (or chip modules) 
in manufacturing an intermediate product knoWn as an inlay 
used by secure printers in the production of electronic pass 
ports and national identity cards. In particular, to machine a 
microporous polymer substrate (such as Teslin) With a target 
ablation rate of up to approximately 5 mm3/ second, creating 
a stepped recess or a pocket-type recess Which extends only 
partially through a substrate. This recess or pocket is prepared 
to accept a leadframe RFID chip module such as an MOB 6 
from the semiconductor company NXP. (The polymer mate 
rial may also be non-porous.) 
[0153] According to an aspect of the invention, faster abla 
tion may be achieved by amalgamating several techniques to 
create a hybrid ablation process. 
[0154] In the main hereinafter, forming channels in poly 
mer substrates using laser ablation Will be discussed. 
[0155] A suitable tool for performing the laser ablation 
techniques described herein is the TruMicro Serie 5000 laser 
by TRUMPF Laser GmbH+co. KG (Schramberg Germany). 
[0156] An advantage of the techniques disclosed herein for 
forming a channel (or channels) for the Wire include that there 
is substantially no displacement of substrate material (of 
course, With an “interference ?t”, some displacement of the 
substrate material is desirable, as the Walls of the groove may 
expand resiliently When inserting the Wire.) Also, un-insu 
lated Wire may be used, Which has the advantage that insula 
tion need not be removed from connection portions of the 
Wire prior to bonding to the terminals of the chip module. 
[0157] To assist the ablation process of the polymer in 
creating craters, trenches or channels, the ablation Zone of the 
substrate material can be heated or froZen (eg using freeZe 
gas) prior to the material being removed. Alternatively, the 


















