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| N\VENTION This invention relates to the field of radio frequency (RF)

taggi hg. More specif- ically, the invention relates to a nethod of naking
an inproved small size, lowcost RF tag that transmits nultiple bits of
-informati on. BACKGROUND OF THE I NVENTION In general, circuitry is

gnuf actured on hard printed ci rcujrt boards or flexible substrates. Printed
clrcuit boards include nmaterials ITke epoxy-resin or epoxy- glass boards.
7.0ne generic class on which these ci rcwts are manufactured i s FR4.
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copper on polyi m de. These circuits are general |y used in ‘autonobi I es,
consuner el ectronics, and general interconnections. A well-known t echnol ogy
for attaching to contacts on sem conductor circuits, or "chips”, |ocated on
the circuit board or flex structure is .called wi rebonding. Wre bonds are
made fro I ' r W roximately 25 mcrons in diam eter) and
with w r&?m éfe%]%ﬁﬂ&ﬁeral ly the wires connected by wirg bonds
are on the order of I millinmeter (nm in length. These wire | engths are
nor mal | y a3t inveation frelatssetoettrl figldasrmiio Trequency (R FF) thgging. aviood spdudf-wi r e
makes it i@y, wRAlavention relates to a method of making an improved small size, low
cost RF tag that transmits multiple bits of information.

BACKGROUND OF THE INVENTION

In general, circuitry is manufactured on hard printed circuit boards or flexible
substrates. Printed circuit boards include materials likc epoxy-resin or epoxy-
glass boards. One generic class on which these circuits are manufactured is FR4.
Alternative flexible substrates, also called “flex”, include structures of copper on
polyimidc. These circuits are generally used in automobiles, consumer elcctromcs,
and general interconnections.
i

A'wcll-known technology for attaching to contacts on semiconductor circuits, or
“chips”, located on the circuit board or flex structure is called wircbonding. Wire
bonds -arc made from small diametcr wires (approximately 25 microns in diam-
cter) and with wires that are very shorl. Gencerally the wires connected by wire
bonds are on the order of I millimcter (mm) in length. These wire lengths are
normally kept short for sevcral rcasons: '

1. The small diamcter of the wirc makes it very wcak.

2. In typical circuits many- bonds arc madc and Iongcr lengths wou]d make the
connections more prone Lo clectrical shorting.

‘ 3* Longcr lengths of the wirces increasc sclf and mutual inductance which dcuadc
' the clcctrlcal performance of the circuit.
Radlo Frcquency Idenuficalmn (RF ID) is just onc ol' many identification tech-
nologies for identifying objects. The heart of the RF 1D system lics in an infor-
‘mation carrying tag. Thc tag functions in responsc to a coded RF signal received
from a base station. The (ag réflects the incident RF carrier back to the basc
station. Information is transferred as the reflected signal is modulated by the tag
according to its programmed inlormation; protocol-



2. Inctypical circuits many bonds are nade and | onger |engths woul d nake

t he connections nore prone to electrical shorting. Longer |engths of the
wires increase self and nutual inductance which degrade the el ectrical
performance of the circuit. Radio Frequency ldentification (RF ID) is just
one of many identification tech- nologies for identifying objects. The
heart of the RF ID systemlies in an infor- mation carrying tag. The tag
functions in response to a coded RFzsi_gnaI received froma base station.
The tag reflects the incident RF carrier back to the base station.
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general, card. This is done by using cither short wire bond connections or soldered con-
nections between the board and the circuit elements: chip, capacitors, diodes,
antenna. The circuit card may be of epoxy-fiberglass composition or ceramic.

The antennas are generally loops of wire soldcred to the circuit card or consist

of metal etched or plated on a circuit card. The whole assembly may be enclosed

in a plastic box or molded into a three-dimensional plastic package.

While the application of RF ID technology is not as widespread as other 1D
technologies, barcode for example, RF ID is on its way to becoming a pervasive
technology in some areas, notably vehicle identification.

Growth in RF ID has been inhibited by the absence of infrastructure for manu-
facturing the tags, the high cost of tags, the bulkiness of most of the tags, prob-
lems of tag sensitivity and range, and the nced for the simultancous reading of
multiple numbers of tags. A typical tag costs in the $5 to $10 range. Companies
have focused on niche applications. Some prior art discloscs RF tags used to
identify railway boxcars. RF tags arc now used in the automatic toll industry,
c.g. on thruway and bridge tolls. RF tags are being tested for uses as contactless
fare cards for buses. Employee identification badges and security badges have
becen produced. Animal identification tags arc also commercially available as arc
RF ID systems for tracking componcnts in manuflacturing proccsscs.

Onc limitation of making RF tags made from PC boards or flex is that the flex
or boards must be manufactured first. To mcet a demand for very high volumes
of tags (grcater than one hundred million tags), new factorics must be built to
produce more board or flex. Further, RF tags made from these technologics are
too expensive for many applications. For cxamplc, bar codcs arc a tcchnology
that is used for identification al a much lower cost thap cxisting RF tagging
technology. '

OBJECTS OF THE INVENTION

An object of this invention is an improved method of making a radio frequency
identification tag. '

.. An object of this invention is an improved method of making a low cost radio
frequency identification tag that is made from currently available materials.



RF | O*tags are -manufactured by mounting the individual elenments to a
circuit card. This.is done by using either short wire bond connections or
sol dered con- -nections between the board and the circuit el enments: chip,
capacitors, diodes, antenna. The circuit card nmay be of epoxy-fiberglass
conposition or ceramc. The antennas are generally | oops of wire sol dered
to the circuit card or consist of netal etched or plated on a circuit card.
The whol e assenbly may be enclosed in a plastic box or nolded into a
“three-dinensional plastic package. Wigle the application of RF ID

technol ogy is not as mﬁdespread as other ID technol ogies, barcode for
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The antenna is novel, has a novel structure, and is constructed by a novel use of
wirc bonding techniques. The antenna is onec or more wires, cach connected to
the semiconductor connections by one or two wire bonds. (In onc preferred em-
bodiment, the antenna is made of a pair or plurality of pairs of wires.)

One preferred wire bonding method spools out a length of wire required by the
antenna design and cuts the second end of the wire without making any electrical
connection at the second cut end. In alternative preferred embodiments, the
second cut cnd of the wire is held in place by attaching the cut end to the
substrate with adhesive or by local heating of the substrate. In this way, the wire
bonding method is used to actually crcate a component of the RF tag circuit (the
antenna) rather than to conncct two componcnts. The resulting novel antcnna
structure is a long wire connected to the circuit by a wire bond. Alternative em-
bodiments include making multiple structures from a plurality of semiconductors
on a strip of substrate. with a wirc bonding tool and making folded dipolcs with
a wirc bonding tool. Thc components of the novel RF tag arc then covered in
an organic cover that has a novel use in this type of device.

" BRIEF DESCRIPTION OF THE DRAWINGS
Figbrc [ is a flow chart showing thc steps of the present invention.

Figurc 2, comprising Figurcs 2A to 21, is a drawing showing thc Radio Frequency
(RF) tag in cach step of Lhe method shown in Figurc 1.

Figure 3 is a drawing comprising Figurcs 3A to 3E showmg the details of vanous
steps of the method.

Figure 4, comprising Figurcs 4A and 4B, is a drawing of an RF tag that is being
made thh a metal pad termination at the end of the antenna wires.



One ITmitation of making RF tags made from PC boards or flex is that the
flex or boards nust be manufactured first. To neet a demand, for very high
vol unes of tags (greater than one hundred mllion tags), new factories mnust
be .built to produce nore board or flex . Further, RF tags nmade fromthese
t-echnol ogi es arc too expensive for many applications. For exanple, bar
codes arc a technology that is used for identification a a nmuch | ower. cost
t han existing RF tagging technology. OBJECTS OF THE | NVENTI ON An object of
this invention is an inproved nethod of nmaking a radio frequency
identification tag. An object of this invention is an inproved nethod of
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present i nvention is a nmethod of manufacture for a novel radi.o frequency
Figure 6 shows a side view of a serics of tags bemg cut into individual segments

by an array of knife blades.

Figure 7 is a drawing of the fabrication of a loop antenna by using a temporary
post to guide the placement of the antenna wire.

Figure 8 is a drawing of the fabrication of a loop antenna by using an embossed
stud to guide the placement of the antenna wire.

Figure 9 is a drawing of the fabrication of a loop antenna by using a raised flap
to guide the placement of the antenna wire.

Figure 10 shows the lamination of a tag with two loop antennas betwccn organic
COVeTrs. :

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a flow chart depicting the stcps in a preferrcd cmbodxmcnt for chip
attachment, wire bonding, and package scaling.

In step 110 a scmiconductor chip is placcd and attachcd on an organic substrate
210.- (See also Figure 2.) In a preferred embodiment the chip 205 is a radio fre-
quency semiconductor chip.  Structures like this are described in U.S. Patent
Application number 08/303,976 to Brady ct al. entitlcd “Radio Frcquency Iden-
tification Tag” filed on September 9, 1994 which is herein incorporated by rcler-
ence in jls cntirety.

The chip 205 is placed (Figure 2A) on the substratc 210 by a componcnt pick and
.place machine 202 which is well known in the semiconduclor industry. The chip
205 can be attached 110 to the substrale 210 by scveral preferred methods. First,
the chip may be attached 110 with an adhcsive. Preferred adhesives include
pressure scnsitive adhesives such as acrylics, silicones, urcthancs, ctc. The adhe-
sive is placed on the substrate 110 by an adhcsive dispensing machine. Alterna-
tively, a drop of cpoxy may be dispenscd between the chip 205 and the substrate
210. Another prefcrred ‘method of attaching the chip 205 is by heating the
substrate using a hecating tool such as a hecat stage 212. The heat stage 212 can
be placed in direct contact with the bottom of the substrate 210 that is opposite
of the side where the chip is placed. In this way the substrate i$ heated to causc



TRF) fag that conprises a sem conductor circuit that has |ogic, nmenory, and
ra- dio frequency circuits. The sem conductor is nmounted on a substrate and
is ca- pable of receiving an RF signal through an antenna that is
electrically connected to the senmi conductor through contacts on the

sem conductor. The antenna is novel, has a novel structure, and is
constructed by a 'novel use of wire bonding techniques. The antenna is one
or nore wires, each connected to thg sem conductor connections by one or
two wire bonds. (In one preferred em bodinment, the antenna is made of a
pair or pl uhalsubstratc paipastialy wefles. 3ndbecqmeflseickg dowtira thondiipgamebbad-
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antenna structure is a long wire connected to the circuit by a wire bond.
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In this EYREOls ng acx?nre bonding tool. These tools are capable of ultrasonic wedge
bonding, ball bonding, laser bonding, laser sonic bonding, thcrmocomprcssmn
soldering, or any combination of these techniques.

In step 130, the wire is unspooled (Figure 2C) after the first connection is made.
In this step, more wire is unspooled than in prior art methods because the un-
spooled wire is actually used to create the antenna componcnt. The lengths of the
wire are dctermined by the resonant antenna frequency.

In this step 130, the wire has to be unspooled at a controlled rate in relation to
the rate of travel of the head of the wirc bonding tool so as not to place the un-
spooled wirc in tension. This is common practice in the wire bonding industry for
short distancc of spooled wire, i.c., | mm to 3 mm. However, the present in-
vention, rcquires that this control bc over larger distances of wire spooling. In
addition, in certain instances the head will be controlled to slow down with re-
spect to the wire feceding so that a curve or loop can be made during the forma-
tion of thc antenna componcent. This spooling crcates antcnnas between 10 mm

and 1000 mm in length.

In step 140, the second end of the first wire is cul and the cut cnd of the wire is
left unconnccted. The cut can be performed by any well known method including
knifc bladc 213 (swedgce, guillotine), mechanical chopper, mechanical pincers, la-
scr, elc. Steps 150, 160, and 170 repeat steps 120, 130, and 140 for a second wire,
respectively. :

The cul end of the wirc can be attached in place in scveral ways (steps 130 and
160). The cut end of the wire can be held in place on the substrate by a small
drop of adhesive 169 placed below the cut end. (Sce also Figures 2D and 2G).
The adhcesive 169 is dispensed by nozzle 168. The cut end can also be held in
place by locally heating the substrate at the point where the cut end rests so that
the substratc becomces sticky and adheres to the cul end. Localized heating of
substrates is well known and includes spot application of heat with tools or a laser
beam focused 236 at the point of heating. Adhesives are also well know. They



“BRI Ef* DESCRI PTI ON' OF THE DRAW NGS Figure 1 is a flow chart. showi ng the
steps of the present invention. Figure 2. conprising Figures 2Ato 21, is a
drawi ng showi ng the Radi o Frequency (RF) tag in each step of the nethod
shown in Figure 1. Figure 3 is a drawing conprising Figures 3A to 3E
showi ng the details of various steps of the nethod. Figure 4, conprising
Figures 4A and 4B, is a drawing of an RF tag that is being nade with a
metal pad term nation at the end @f the antenna wires. 4 Figure 5,
conprises Figures 5A and 5B,  which arc drawi ngs of a continuous strip of RF
tags beinguéatitepbRicsd! siRcoric@, aalephdardilicitdugiall a®Lbdyhavohgmiferardeabod-
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7 1s a drawm 0 [ | of a | oop anténna by using a tenporary
post to ﬁﬁqrﬁe%qﬁ? & %eﬁtsglg%"r?%é antenna wire. Figure 8 is a draw ng of

the fabrication of a | oop .antenna by usi an enbosse ) )
A further way of attacphing_thc cut C%l/d {0 Lng sugstrate i%vo?vcs heating (Figure

2E) the wire (131, 132) so that the cut end heats up the substrate at the point of'
contact and causes the cut end to bc attached to the substrate. The wire can be
hcated 231 by inductive heating 237, resistive heating 235, laser heating 236, or
any other mecthod used for this purpose. Alternatively, a portion of the substrate
under the wire can be hecated (235-237) so that part or all of the wire becomes
embedded in the substrate. This effect can also be accomplished by heating
(235-237) the wire and applying pressurc 246 to part (or all) of the wire so that
part (or all) of the wire (131, 132) beccomes embedded in the substrate. This can
also be accomplished by heating (Figure 2F) the substrate with a heat stage 212
so that the wire adhercs to a softcned part of the substrate. Further, the pressure
means 246 can be heated, e.g. rcsistively 235, so that pressure and heat are ap-
plied simultaneously to the wirc 131. '

Note that by using the steps described above, more than one wire (131 or 132)

“can be attached to an individual contact (208 or 207), spooled out, attached to
the substrate, and cut. These wires can be placed at different angles with respect
to one another. '

In step 180 of Figurc 1, the chip is covered with a protective cncapsulant layer,
shown in Figure 2H. A dispensing nozzle 281 placcs a drop of encapsulant 282
on the surface of the chip 205 to form a protective coating 283. The encapsulant
may be an epoxy, silicone, or other polymeric material. In a preferred ecmbod-
iment the cncapsulant is opaque to protect light-sensitive circuitsl on the chip.

In step 190, the completed chip and antenna structure is sealed (Figure 21) be-
tween organic covers 293 (bottom) and 294 (lop) through the usc of a roll
laminator which presses the sandwich between heated rollers 295 and 296. The
organic covers consist of a singlc layer of polyester, polycthylenc, or other organic
film that may be softened by heating. In a preferred embodiment the film con-
sists, of two layers, an inncr layer 297 of the copolymer EVA (cthyl vinyl acctaic)
and an outer layer 298 of polyester. In an alternative embaodiment, only onc
laycer, c.g.. the top layer 294, ncced be applied.- '

Figurc 3 shows the details for the placement (Figurc 3A) of the wire 331, bonding
(Figures 3B and 3C) of the wirc, unspooling (Figurc 3D) of the wirc, and cutting
(Figurc 3E) of the wire. In Figurc 3A the wirc 331 is placed on contact pad 307
on scmiconductor chip 305 which has been attached (o substrate 310. In Figure
3B the wire 331 is bonded to the pad 307 using ultrasonic energy 334. In Figure
3C the wedge bond 333 has been completed and the bonding head 332 is with-



8tud £o guide the placenent of the antenna wire. Figure 9 is a draw ng of
the fabrication of a |oop antenna by using a raised flap to guide the

pl acenent of the antenna wire. Figure 10 shows the lam nation of a tag with
two | oop antennas between organi c covers. DETAILED DESCRI PTI ON OF THE
I'NVENTION Figure 1 is a flow chart depicting the steps in a preferred
enbodi ment for chip attachment, wire bonding, and package sealing. In step
- 110 a sem conductor chip is pIacéU and attached on an organi c substrate
210. (See also Figure 2.) In a preferred enbodi ment the chip 205 is a radio

fre- quency SeTHeRN s acdPwirstis Ypo4lEE DU 'a|§9<htoWr§|r?‘ e ﬁdFl & S.
paLent Apa (iﬂé '“q ngnﬁfna@@ §P€1E.9 @g‘%ﬁ%ﬂg?h I(‘iirh Fﬁ%ﬁ V\ﬁg Ielsoher ein

Frequency en- | catl on
[ ncorporated by refer- once inits entirely. The ch| p 205 is placed (Figure
2A) on t heFigupe frshows 2n0embodimeatd@Rafthpmdthaddn prhick thestraddomdidZh i s
wel | knowmarertctiinatedriat anetat pad temmination . siEheddShapd 246. dae top vewakigade 1 10
to the subsArshbes2hOsdmicondectdr chiples ordromiibcudstrate 410 Mﬂhetmhv@cml be

attached larkda¥p bhnmdtt@biesintacts A48l Aid 24 adnasicnes. FIEhedeB Y 2SR Few.
sensitive adhesives such as acryllcs silicones, urethanes, etc. The adhc-

sive is placed on the substrate b¥. an adheS| ve di spensi ng mache
Al terna- <Contacts 445 (and 440) serve to hold the cut ends of the antenna wircs 432 431)

in place. The contacts 445 and 446 can be madec of gold, silver, aluminum, cop-
per, nickel, or alloys thereof. These can bc deposited as thin layers on the
substrate or on another material (like silicon or another metal) that is attached
to the surface of the substrate. In a preferred embodiment, no conncction other
than the antenna wire ends is made to the contacts 445 and 446.

Figure 5A shows a continuous strip 500 of scmiconductor chips 505, 515, 525, on
organic substrate 502 with wires bonded to first and second contacts 507 and 508
on semiconductor chips. The wires 531, 532 arc cach one-half wavelength long.
After the bonding and sealing operations as shown above in Figures 2 and 3, the
strip of tags 501 is cut into segments 541, 542, 543 etc. by knife blade 561 at the
position shown by the dotted lines 551 and 552. In a preferred embodiment, the
knife blade cuts are made half-way betwecn thc chips to make the remaining wire
segments 533, 534, 535, 536 etc. cach onc-quarter wavclength long.

Figure 5B shows a continuous strip array 501 of semiconductor chips 550, 560,
570, 580, 590 on organic substrate 502 with wires bonded to first and second
contacts 551 and 553, 561 and 563, 571 and 573, 574 and 575, 577 and 578 as
well as third and lourth contacts 552 and 554, 562 and 564, 594 and 595, 581 and
583, 591 and 593 on thec semiconductor chips, respectively. In a preferred em-
bodiment, the wires 511, 512, 513, and 514 arc cach onc-half wavclength long.
After the bonding and scaling operations as shown above in Figurcs 2 and 3, the
strip array of tags 501 is cul into array scgments 517, 518, 519, 520, 521, clc. by
knifc blade 561 at the positions shown by the dotted lines 522, 523, 524 ctc. In
a preferred embodiment, the knifc blade cuts arc madce half-way between the
chips Lo make the remaining wire scgments 556, 565, 566, 576, 567, 568, ctc. cach
onc-quartcr wavclength long. In another preferred embodiment, the cuts 522,
523, 524, clc. can be madce simultancously by a gang of knifc bladces 561.

Notc that the semiconductor chips (typically 590) will have onc wirc (typically
593A) that will not be connccted to a contact on another semiconductor chip. In
these cases, the cnd of the wire 593A will be terminated in any of the ways de-
scribe above. In one preferred cmbodiment, the wire 593A will be terminated to
a contact (typically 593B) located on the substrate as shown in Figure 4. Note
further that Figure 5B shows three rows of semiconductor chips forming an array



Uively, a drop.of epoxy may be di spensed between the chip 205 and the
substrate 210. Anot her preferred nmet hod of attaching the chip 205 is by
heati ng the substrate using a heating tool such as a heat stage 212. The
heat stage 212 can be placed in direct contact with the bottom of. the
substrate 210 that is opposite of the side where the chip is placed. In
this way the substrate is heated to cause 5 the substrate to partially
refl ow and becone sticky so that th& chip can be at- tached to the refl owed
area. In another preferred enbodinent, the chip itself is heated. This can
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is wre bondedinkAirk 7301 firétrSdndedNto contact pad 207 of Figure 2, the wire is un-
spooled 130 by the bonding head 740. Thec wire 730 is guided by thc bonding
head around the temporary post 720. The process is mirrored at the other end
of the substrate and the wire is bonded to contact pad 208 of Figure 2 to form
the loop antenna. The temporary post 720 is then raised 751 to complete the
process. The wire is attached to the substrate using methods described above.

Figure 8 shows the manufacture 800 of a loop antenna through the use of an
embossed stud 820 wire guide. The stud 820 is permanently embossed in the
substrate 810. After the wire 830 is first bonded to contact pad 207 of Figure 2,
the wire is unspooled by the bonding head 840. It is guided by the bonding head
around thc embossed stud 820. The process is mirrored at the other cnd of the
substrate and the wire is bonded to contact pad 208 of Figure 2 to form the loop
antenna. The stud 820 remains in placc on the subsirate. i

Figure 9 shows the manufacture 900 of a loop antenna through the use of a raised
flap wire guide 920. The flap is pre-punched into the substrate 910 by a punching
tool. The flap 920 is then raised in the substrate 910 by mcchanical mcthods such
as an air jet 925 or pin 926. After the wire 930 is first bonded to contact pad 207
of Figure 2, the wire is unspooled by the bonding hcad 940. It is guided by the
bonding head around the raised flap 920. The process is mirrored at the other
end of the substratc and the wirc is bonded to contact pad 208 of Figure 2 to
form the loop antenna. The mechanical raising means 925 is removed, the flap
920 rclaxcs, and the flap 920 holds the wirc 930 in placc on the substrate.

Notc that in some preferred embodiments of the methods iflustrated in Figurcs
7-9, the wirc can be attached to the substrate by any of the mecthods described
above, e.g., heal and/or pressurc.

Figurc 10 shows the completion of a tag 1000 by mcans of the application of heat
1064 and pressurc 1065.. Multiple antennas 1020 (and 1030) have been created
by the bonding of wire 1025 (and 1035) to contact pads 1006 and 1008 (1007 and
1009), on semiconductor chip 1010. Encapsulant 1030 has been dispensed to
cover the chip 1005 and contact pads (1006-1009). The substratc 1040 is placed
below organic cover 1045. In a preferred cmbodiment, the organic cover consists
of an outer layer of PET 1060 and an inner layer of EVA 1050. Heat 1064 and
pressurc 1065 are applied to scal the package. In anothcer cmbodiment, a bottom



~tact:using-a wire bonding tool. These tools are capable of ultrasonic wedge
bondi ng, ball bonding, |aser bonding, |aser sonic bonding,

t her noconpressi on, soldering, or any conbination of these techniques. In
step 130, the wire is unspooled (Figure 2C) after the first connection is
made. In this step, nore wire is unspooled than in prior art nethods '
because the un- spooled wire is actually used to create the antenna
conponent. The lengths of the wipe are determ ned by the resonant antenna

~ frequency. In this step 130, the wire has to be unspooled at a controlled

rate in gl@t i@y sihdevéldiveieltalranek 19mihdRdwad|@hcobsly Witle toprdieag t ool
so as notghe WP LRE %“”§gpgbggﬁﬁkfe in tension. This is comobn practice
r

in the wire bondi ng rndustry f short distance of spooled wire, i.e., 1 mm

to 3 mMm wever, ..the present .in:.vention, regui - I I be
over |ar §gl(’)’ e_aiﬁﬁisg{icggsua?, W 'f%dogq Fh% Ar?lc;aghcd‘g%{ ’Elic??]c&?ﬁsgn? f%lﬁﬂ?h:r&‘snces
the head Ohithis iprcnitin that e Withig t W?fﬂﬁﬂ' tign of 1he iy tcgrg- the. ‘%Xia?ﬁ ?bedi ng
so that ahemethody déssoibed am Figuneaticd, @8 hean be yssfia-credtsfagio frraueienna
conponentagsTedch withahultiple aptenoss shatcara a8 diEferaad anglesi{meananitiesanabh
length. ke oveednolkér. the second end of the first wire is cut and the cut
end of the wire is |eft unconnected. The cut can be perforned by any well
known met hod i ncluding knife blade 213 (swedge, guillotine), nechanical
chopper, mechanical pincers, la- scr, etc. Steps 150, 160, and 170 repeat
steps 120, 130, and 140 for a second wre, '



r'espectively. The cut end of the wire can be attached in place in several
ways (steps 130 and 160). The cut end of the wire can be held in place on
the substrate by a small drop of adhesive 169 placed bel ow the cut end.
(See al so Figures 2D and 2G . The adhesive 169 is dispensed by nozzle 168.
The cut end can also be held in place by locally heating the substrate at
t he point where the cut end rests so that the subst ik ky and
adheres to the cut end. Locali zedl(peati ng of subst rlmnmmmlmm and
i ncl udes spot application of heat " with tools or a |aSer® béant'f otustd 236 at
t he poi nt ¢t j‘ﬁﬁ}j ng. Adhesives are also well know. They 6 include
epoxi es, s (‘l cones,” and phlenolic-butyral. Note that the wire can be at-
tached (130, .160) prior to or after the cutting (140, 170). If the wire is
attached aMeeilaibie cutti ng, the cut wire end can be tenporarily held in

pl ace by pressure before attaching it to the substrate. A further way of
at t achi ng L.he methodrfdr trakiihg asnaldid frzgecnaw tlgveom peisingnifie (skepguofe 2E) t he
wire (131, 132) so that the cut end heats up the substrate at the point of

contact ang dte4thirg bN@rfitdndiittord 8n R aﬁéaﬂﬁf‘%stt%tkf‘&é%ﬁ%ﬁ&@ctoﬁﬁvﬂg e
can be a first and second contact, memory and logic to modulatc a radio frequency sig-
nal with a frequency;

b. attaching a bonded end of a first wire to the first contact using a wire bonding
machine; '

c. spooling the first wire with the wirc bonding machine to a first length;
d. attaching the first wire to the organic substrate;
e. cutting the wire at the first length at a first cut end;

f. attaching a bonded end of a second wire to the second contact using a wire
bonding machine; '
i

g- spooling.the second wire with the wire bonding maéhine‘ to é second length;

h. attaching the second cut wirc Lo the organic substrate; and

j- cutting the sccond wire at the sccond length at a second cut end;

whereby the first and sccond wire form an a-ntcnna that receives a signal at the
frequency, the signal being modulated by the semiconductor logic and thc mod-

ulated signal being transmitted by the antenna.

2. A mecthod, as in claim 1, where the first and sccond length arc cqual to onc
quarler wavclength of the frequency. :

3. A mcthod, as in claim I, comprising a further step of encapsulating the semi-
conductor and the first and sccond contacl with an encapsulant.

4. A method, as in claim 3, where the encapsulant is any encapsulant including
cpoXy, siliconc, or polymeric material. :

5 A mcthod, as in claim 1, where the semiconductor is attached to the substrate
with a chip-attaching adhesive.



heat eéd 231 by inductive heating 237, resistive heating 235, |aser heating
236, or any other nethod used for this purpose. Alternatively, a portion of
the substrate under the wire can be heated (235-237) so that part or all of

the wire becones enbedded in the substrate. Thi f - be-
acconpl i shed by heating (235-237) the wire andm'!c")“mnmmmamg 246 to
part (or all) of the wire so that part (or alil) cthe weres (131, 132)

beconmes enbedded in the substratellThis can al so be acconplished by heating

(Figure 2F) the substrate with a heat stage 212 so that the wire adheres to
heated. | ocg amctfiod, 26 EIEBIRI 81 Rihcrbiihe Bhin e Bl R AP B s ey

si mul téne(‘)rgzshlkg} goasct J(ll\g&f/\/l}{'rhe ri%ql.%ﬂﬂlot e Qﬂ?‘é’? by using the steps descri bed
above, nore,than ope wire (131 qr 132) can be attached fo,an individual
cont act (o8 Bicthehes brdaiad . affere 14 senandutionas Stiaehra il (IRuLTAt
These wi r 8¥ heatingdhpsubddatg: different angles with respect to one another.
In step 180 of Figure 1, the chip is covered with a protective encap§ul ant
| ayer; sh8wA metlodywsdn 2himAl divhkpentliensgmricaadectdB Is pttacksd to thogubstrate
encapsul aby h#d#in@rthe bémivontaceorof the chip 205 to forma protective coating
283. The encapsul ant nmay be an epoxy, silicone, or other polynerijc

al .| - ' '
oht - cendi A hdth6d.cd E‘g?ﬁ.ﬁﬁof g ine [ireSRRRRMGRRY, to°uRPaftitrde ot 81 0L
ant enna sWr’W&?@?@'P%ag &4 (Figure 21) be- :

10. A method, as in claim 9, where the wirc-attaching adhesive is any adhesive
including epoxies, silicones, and phenolic-butyral.

11. A method, as in claim 1, where the wires arc attached to the substrate by
heating the substrate. :

12. A method, as in claim 1, where the wires are atlached to the substrate by
heating the wires. :

13. A method, as in claim 1, comprising a further step of sea'ling the substrate,
semiconductor, and first and second wires with a top organic cover.

4. A method, as in claim 13, where the top organic cover is a single layer.

15. A method, as in claim 14, where the top organic cover is made of any organic
film including polycster and polycthylenc and is attached to the substrate, semi-
conductor and wires by heating. T

16. A method, as in claim ‘13, where the top organic cover has an outer and inner
layer, the outer layer being an organic {ilm and the inncr layer being a cover ad-
hesive. '

17. A mcthod, as in claim 16, where the cover adhesive is heat sensitive and the
cover is attached to the substrate, semiconductor and wircs by heating.

- 18. A mcthod, as in claim 17, where pressure is also added to attach the cover.

il

19. A mcthod, as in claim 17, wherc the cover adhesive is a copolymer including
cthyl vinyl acclate (EVA). . -

20. A mcthod, as in claim 16, wherc the ¢cover adhesive is pressure sensitive and
the cover is attached to the substrate, scmiconductor and wires by pressure.



tween organic covers 293. (bottonm) and 294 (Lop) thrognggge of aroll
| am nat or whi ch presses the sandw ch between heated rollers zmti‘296

The organic covers consist of a single |ayer of pol yetmm
other organic filmthat may be softened by heating. ’Im'mwmm ‘ (
enbodi ment the filmcon- sists, of two layers, an innér Faykr ®9/s of«

copol ymer EVA (ethyl vinyl acetate) and an outer |ayer 298 of pol yester. In

an al ternative enmbodi ment, only one layer, e.g.. the top |ayer 294, need be
applied. Figure 3 shows the details for the placenment (Figure 3A) of the

wire 331, bond ngethbl 9bs & cRfmaZ0l whareQhcldd@ciVatiResive 5020 laldhgsitEiigeludingD)

of the wir . einbdhddY Ellgytrrﬁnég) of the wire. In Figure 3A the wire 331
is placed g‘ncrglonf act H;l)déﬂaém on semni conduetor chip 305 which has been

attached t str te 310. Jn F re 3 bonded t he
307 usi ng ‘HS geﬁ%P iaﬁ4i g‘l"herl£= gﬁrtgr’s‘g &hr'i’es"alg oﬁ%l‘cé %E{ Bgen
conpl et ed éﬁﬂh‘% ERHENET #G h@‘é‘db%ﬁl $yrbstr ate;nsdq.od ¥t AHAg 5’8& as
wire is spd@meeoiit as shown in Figure 3D. In Figure 3E the wire is

term nated at the specified |l ength and cut by knife edge 340. Figure 4
shows an erf3oN mesthodt 6y miakirpea radivofdequenslyital doneprigingshel Stepard: 432

a. attaching a semiconductor on an organic substrate, the semiconductor having
a first and second chip contact, memory and logic to modulate a radio frequency
signal with a frequency; .

b. attaching a first bonded end of a first wire to the first chip contact using a wire
bonding machine;

c. spooling the first wire with: the wire bonding machine to a first length;

d. attaching a first cut cnd of thc first wire to a first termination site on the
substrate;.

e. cutting thc wire at the first length at the first qut cnd;

f. attaching a second bonded end of a second wnre to the second contact using a
wire bonding machinc;

g. spooling the sccond wire with the wirc bonding machine to a second length;

h. attaching a sccond cut end of the seccond wirc to a sccond termination sitc on
the substrate; and

i. cutting the sccond wire at the second length at a sccond cut end,

whereby the first and sccond wirc form a antenna that reccives a signal at the
frequency, the signal being modulated by the semiconductor Jogic and the mod-
wlated signal being transmitted by the anienna.

24. A mcthod, as in claim 23, where the first and sccond length are cqual to onc
quarter wavelength of the frequency.

25. A mcthod for making a radio frequency tag comprising the steps. of:
a. attaching three or more semiconductors on a strip of organic substrate, cach

semiconductor having a first and second chip contact, memory and logic to
modulate a radio frequency signal with a frequency;



are térmnated at netal pad termnation sites 445 and 446. The top view
Fi gure 4A shows the sem conductor chip 405 -on organie—substrate 410 with
the wires 431 and 432 connected to contacts 445 and z@ilon the chip. Figure

4B is a side view. Contacts 445 (and 446) serve to ih ummﬂl’”w”m f the
Bl e of

antenna wires 432 (431) in place. The contacts 445 :a e O A

gold, silver, aluminum cop- per, nickel, or alloys thereof. These ¢an be
deposited as thin layers on the substrate or on another material (like
silicon or another netal) that is atfached to the surface of the substrate.
In a preferred - -enbodi nent, no connectron other than the antenna wire ends
I's made t.o the conta t? 445 gnd 446. Figure 5A shows a _continuous strip 500
of sen cdh(ﬂ}&%’t‘"%ﬁi,@és %,degmd Bﬁﬁ,_ﬁfég vifcgtmthe Srssehipcentt anl e Hinst r es
bonded t Ghfi uSingmWVitebeRdinggnesking; 507 and 508 on seni conductor chips. The
wires 531, 532 arc each one-half wavel ength | ong. After the bonding and

seal i ng epspadlimgtheafirss voine vatioviee WwireFbsHUiRS nfachivte & alfliSt Rhigty, of tags 501
is cut into segnents 541, 542, 543 etc. by knife blade 561 at the position

shown by 4 ' 552. 1n.a_preferred enbodinent . thé knife
b 2 cug R b e e i o e PR R i
segnent s , 3 ; é?%?‘@ﬁph one-quarter wavel ength long. Figure
5B shows a continuous strip array 501 of sem conductor chips 550, 560, 570,
580, 590 Cofudingatiecwirgidtthgfirsehgth wh the fies dudreddd to first and second
contacts 551 and 553, 561 and 563, 571 and 573, 574 and 575, 577 and 578 as

f. attaching a second bonded end of a sccond wire to the second contact of the
first chip using a wirc bonding machine;

g. spooling the sccond wire with the wire bonding machine to a second length;

h. .attaching a second cut end of the second wire to a first chip contact on a third
chip using a wire bonding machine; |

i. cutting the sccond wire at the second length at the second cut end; and

j. cutting the' first wire between the first and sedond semiconductor and cutting
the second wirc between the first and third semiconductor, '

whereby the ﬁrs} and sgcond wire form a antenna that receives a signal at the
frequency, the signal being modulated by the semiconductor logic and the mod-
ulated signal being transmitted by the antenna.

26. A method for making a radio frequency tag comprising the steps of:

a. attaching a scmiconductor on an organic substralc, thc semiconductor having
a first and sccond contact, memory and logic (o modulate a radio frequency sig-

nal with a [rcquency;

b. attaching_a first bonded end of a wire to the first contact on the semiconductor
» Y . . .
using a wirc bonding machinc;

c. spooling the first wire with the wirc bonding machinc around onc or more wire
guidcs; _

d. attaching the cut end of the wire to the sccond contact using a wire bonding
machinc; and

c. cutting the wirc at a length at a cut end located at the second contact,



“wel |l ;as third-and fourth contacts 552 and 554, 562 and 564, 594 and 595,

581 and 583, 591 and 593 on the sem conductor chips, respectively 1ln a
preferred cm bodiment, the wires 511, 512, 513, and 514 are each one-half

wavel ength long. After the bonding and scaling operggg mmu Mbove in
-Figures 2 and 3, the strip array of lags 501 is cht.ﬂ“‘“ﬂ pents
517, 518, 519, 520, 521, etc. by knife blade 561 at the® pdsitions shown by
the dotted lines 522, 523, 524 etc. In a. preferred enbodi nent, the knife

bl ade cuts arc nade hal f-way between the chips to nake the remaining wire
segnents 556, 565, 566, 576, 567, 568, etc. each onc-quarter wavel ength

l ong. In another preferred e | ment .. the cut 22. 523, 524, etc. can be
redla. si murt g oFS S fofis g IBe A Tpare et Bl verge sl gl e fE
sem condu8UERCHHNGSigtal heing modigaied by | the segicord yatee 19gig Andaths, mardiy
that will laed signad beinectraasmisted byhhaentesmaanot her sem conductor chip. In

t hese cases, the end of the wire 593A will be termnated in any of the ways
de- scribe7abomethdd) asria qaint @6 aheedrbindsomicbnd bwr i as e WO maire Ipabrs, of

ter m nat egirétOarfd SQ&dhaContictyiafdl dtapsOP3B)arkGeptfdd F0r eheh pahsSér @rRads twhown

i n Fi gur ecfbaidNatdreftHah RaE fgmh (ﬁbgwﬁéﬁnihov\s three rows of sem conduct or

rray

chips formng an a

28. A method, as in claim 26, wherc onc or morc guides is a stud embossed in the
substrate. .

29. A method, as in claim 26, where one or more_guides is a temporary post
temporarily in contact with the substrate.

30. A method, as in claim 29, Where the wire is attached to the substrate by hcat.

31. A method, as in claim 26, where one or more guides is a flap punched in the -
substrate.

32. A method, as in claim 31, where the flap is raised by an air jet ih order to
capture the wire being looped by the wire bonding machine.’

33. A method, as in claim 31, where the flap is raiscd by a pin.

34. A mecthod for making a plurality radio frequency tags comprising the steps
of:

a. attaching four or more semiconductors on a strip of organic substrate in an
array, cach scmiconductor having a first, sccond, third,.and fourth chip contact,
and a memory and a logic to modulate a radio frcquency signal with a frcquency;

b. attaching a first bonded cnd of a first wirc to the first chip contact on a first
chip using a wirc bonding machinc;

c. spooling the first wire with the wirc bonding machinc (o a first length;

d. attaching a first cul end of the first wirc 1o a sccond chip contact on a sccond
chip using a wirc bonding machinc;

* c. cutting the wire at the first length at the first cut cnd;

f. attaching a second bonded cnd of a second wire to the sccond contact of the
first chip using the wire bonding machine;



-on the substrate. (One row is shown in Figure 5A.) However, the nunber of

rows can vary fromtwo to as many as will fit on the-substrateé. Figure 6
shows a strip of RF tags 610 being cut 650 into indiy m ‘ﬁl 1 1
612, 613 by an array of knife blades 641 and 642. Fi

manUf acture 700 of a | oop antenna through the use of enpor ary podt wire

gui de 720. The post 720 is lowered 750 to the substrate 710. After the vire
730 i-s first bonded to contact pad 207 of Figure 2, the wire is un- spooled
130 by the bonding head 740. The wi#B 730 is gui ded by the bondi ng head -
around the tenporary post 720. The process is mrrored at the other end of

the substrateodlifig YRE sitioh wite RATHERe Wird Cl?cmcﬂﬁg xﬁé@hiﬁ@ 0% scebAY1én n%tf]to form

the | oop ahtenna. The tenporary post 720 1's thén rai se 751 to co éte

process. The |s atta hed t subst.rat e us t. hods scrl

above. i drastifing 5SS iitend o Ife SEBULE W3 BRTRIRRIRT BT s
of an enbdduB¥sing, 38‘253 ‘%m INfhe stud 820 i s permanently enbossed in
the substrate 810. After the wire 830 is first bonded to contact pad, 207 of
Figure 2, it batting the sscomd pid attlieysached hengthrag thesdcaad cut endis gui ded by

t he. bond| ng head around the enbossed stud 820. The process is mrrored at

the other jengaehighe thltaSbdmica éndl ofhethitd Sviré 16 AREAMIrdOcHipioRtactPad tROS Of
Figure 2 t {gf]!pe ﬁékﬂ@ﬂll@ﬁmﬁﬁfr@&nﬁ ¢ud 820 remains in place on the

substrate. |gu hows the man(facture 900 of- a | oop antenna through the

use of a rl?'s%oglmg the third wire with the wire bonding machine to a third length;

1. attaching a third cut end of the third wire to a fourth Chlp contact on a fourth
chip using the wire bonding machine;

m. cutting the third wire at the third length at the third cut end;

n. attaching a fourth bonded end of a fourth wire to the fourth chip contact on
the first chip using the wire bonding machine;

0. spooling the fourth wire with the wire bonding machine to a fourth length;

p. attaching a fourth cut end of the fourth wire to a connection contact on the.
substrate;

q. cutting the fourth wire at the fourth length at the fourth cut end;

_ 1. cutting the first wire between the first and sccond semiconductor, cutting the
second wire between the first and third semiconductor, and cutting thc third wire
between the first and fourth <cm|conductor

whereby the first, second, third, and fourth wircs form two antennas that reccive
a signal at the frequency, the signal becing modulated by the ccmlconductor logic
and thc modulated signal being transmlttcd by the antenna.

1} .
35. A mcthod, as in claim 34. where the connection contact is a contact on a fifth
secmiconductor and the fourth wire is cut between the first and- fifth scmiconduc-
tor.

36. A mcthod, as in claim 34, where the two antennas cach hayve two wire clc-
ments of cqual lcngth



flap Wire guide 920. The flap is pre-punched into the substrate 910 by a
punching tool. The flap 920 is then raised in the substrate 910 by '
mechani cal nmethods such as an air jet 925 or pin 926—After—thewré 930 is
first bonded to contact pad 207 of Figure 2, the wi, r t he
bondi ng head 940. It is guided by the Rgndi ng head a "! ﬂﬁm ﬂﬂml Iap
920. The process is mrrored at the other end of the stratemamnd t*he w.Le
is bonded to contact pad 208 of Figure 2 to formthe | oop antenna. The

mechani cal raising nmeans 925 is renoved, the flap 920 rel axes, and the flap
920 holds the wire 930 in place on the substrate Not e that in sone

Eaﬁf gre 3th at:% %bﬁgﬁtﬁeq{s‘ad{}é?r% h{‘éddt tlI?llo desc 7@%@%@%}\;}”%1@9

e.g., hréeém&?&/e esEHBEASWiLR refEtedte f & ssmmhm emhpwlmmmn?foua dfasgd.0R§ by

means of the app ication of heat 1064 and pressure 1065 tiple antennas
1020 ( ¥f¢helateOmphmyifig deAvings.eat ed by the bonding of wire 1025 (and 1035) to
contact pads 1006 and 1008 (1007 and 1009), on sem conductor chip 1010.
Encaps@gant A @ithdibsf ineking di plwralityeol ltadlocﬁretplencwmgshlhp nidihad beidg substantiallpads
(1006-1009). The substrate 1040 is placed bel ow organic cover 1045. In a

. pr ef er rae derambefioreniescritiet ovith refierencectoFigures A sind t6softhe agcompanying slyawings. PET
1060 and an inner |ayer of EVA 1050. Heat 1064 and pressure 1065 are

appl i ed% o h zadie Heequenay-gs madg inaseordance Wigh theemethod of any ope of Claims 1-33

and 37.
40. A plurality of radio frequency tags made in accordance with the method of any one of

Claims 34-36 and 38.



9 cover 1046 is place below the Lag and is |am nated sinultaneously with
top cover 1045. PET is al so known as polyester. G-ven this disclosure, one
skilled in the art cone devel op cqui val ent enbodi nents of this invention
that are within the contenplation of tH& inventors. For exanple, the

met hods described in Figure 2, 3, and 5 can be used to create radio
frequency tags each with nultlple antennas that are at different angles ..
(e.g. non-orthogonal) to one another. 10 CLAIMS- W claim 1. A nmethod
for maeking a radio frequency tag conprising the steps of: a. attaching a
sem conductor on an organic substrate, the sem conductor having a first and
“second contact, menory and logic to nodul ate a radi o frequency sig- nal
with a fr equdVIEi[‘;HOD OF MAKING RADIO FREQUENCY IDENTIFICATION TAGS

ABSTRACT

A radio frequency tag and its antenna structure are manufactured using wire bonding. A
semiconductor chip (205) is placed and attached upon an organic film substrate (210). The
antenna consisting of one or more thin wires (131) is created on the substrate (210) and
connected to contacts on the chip (205) using a wire bonding machine. Alternate embodiments
using a plurality of semiconductors (505, 515, 525) on a strip (500) of substrate (502) are also
disclosed. The chip (205) may be protected with an encapsulant and the chip (205) and
antenna combination may be sealed between layers of organic film. |

Figure 1 ’
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g ing a bohded end of a first wire to the first contact using a wire
b ng machine; c. spooling the first wire with the wire bondi ng machi ne
"to a first length; d. attaching the first wire to the organic substrate; e.
‘cutting the wire at the first length at a first cut end; f. attaching a
bonded end of a second wire to the sf&??d contact using a wire bonding
machi ne; g. spooling the second wre ‘h the wire bonding machine to a
second length; h. attaching the second cut wire to the organic substrate;
and j. cutting the second wire at-the second length at a second cut end;
whereby the first and second wire forman antenna that receives a signal at
the frequency, the signal being nodul ated by the sem conductor |ogic and
the nod- ul ated signal being transmtted by the antenna. 2. A nmethod, as in
«claim1, where the first and second length arc equal to one quarter

wavel ength of the frequency. 3. A nmethod, as in claim1, conprising a
furher step of encapsulating the seni- conductor and the first and second
contact with an encapsulant. 4. A nmethod, as in claim3, where the
encapsul ant i s any encapsul ant including epoxy, silicone, or polyneric

material. 5. A nmethod, as in claiml1l, where the sem conductor is attached .
to the substrate
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W tth a éhip-attaching adhesi ve. 6. A nmethod, as in claim5, where the
chi p-attachi ng adhesive is any adhesive including acrylics, silicones, and
urethanes. 7. A nethod, as in claim1, where the sem conductor is attached
to the substrate by heating the substrate. 8. A nethod, as in claim]l,
where the sem conductor is attached toQ}q§ substrate by heating the

sem conductor. 9. A nmethod, as in claiml, where the wires are attached to.
the substrate by a wire-attachi ng adhesive. 10. A nethod, as in claim?9,
where the wire-attachi ng adhesive is any adhesive includi ng epoxies,
silicones, and phenolic-butyral. 11. A nethod, as in claim1, where the
wres arc attached to the substrate by heating the substrate. 12. A nethod,
as inclaim 1, where the wires are attached to the substrate by heating
the wires. 13. A nethod; as in claiml1, conprising a further step of
sealing the substrate, sem conductor, and first and second wires with a top
organi ¢ cover. :
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140 A néthod, as in claim13, where the top organic cover is a single

| ayer. '15. A nethod, as in claim 14, where the top organic cover is nmade of
any organic filmincluding polyester and pol yethylene and is attached to

t he substrate, sem - conductor and wres by heating. 16. A nethod, as in
claim 13, where the top organic cover faspan outer and inner |ayer, the
outer layer being an organic filmand the inner |ayer being a cover ad-
hcsive. 17. A nethod, as in claim 16, where the cover adhesive is heat
sensitive and the cover is attached to the substrate, sem conductor and
wires by heating. 18. A nethod, as in claim17, where pressure is also
added to attach the cover. 19. A nethod, as in claim17, where the cover
adhesive is a copolyner including ethyl vinyl acetate (EVA). 20. A nethod,
as in claim16, where the cover adhesive is pressure sensitive and the
cover is attached to the substrate, sem conductor and wires by pressure.
12 21. A nethod, as in claim?20, where the cover adhesive is an adhesive

i ncluding acrylics, silicones, and urethanes. .
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22. A ﬁethod, as in claiml, where the-top of the substrate is covered by
an at- tached top cover and the bottom of the substrate is covered by an
attached bot- tomcover. 23. A nmethod for making a radio frequency tag
conprising the steps of: a. attaching a sem conductor on an organic
substrate, the sem conductor having aq}i@st and second chip contact, nenory
and logic to nodul ate a radio frequency signal with a frequency; b.
attaching a first bonded end of a first wire to the first chip contact
using a wire bonding machine; c. spooling the first wire with the wre
bondi ng machine to a first length; d. attaching a first cut end of the
first wire to a first termnation site on the substrate; e. cutting the
wire at the first length at the first- cut end; f. attaching a second bonded
end of a second wire to the second contact using a w re bondi ng nachi ne; g.
spool ing the second wire with the wire bondi ng machine to a second | ength;
h. attaching a second cut end of the second wire to a second term nation
site on the substrate; and i. cutting the second wire at the second, length
at a second cut end, whereby the first and second wire forma ant enna t hat
receives a signal at the
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f requehcy, the signal being nodul ated by the sem conductor |ogic and the
. mod- ul ated signal being transmitted by the antcnna. 24. A nethod as in
claim 23, whcrc the first and second |l ength -are equal to one quarter
wavel ength of the frequency. 25. A nethod for making a radio frequency tag
Conprising the Steps of: a. attachi myiighree or nore semniconductors on a
strip of organic substrate, each sem conductor having a first and second
chip contact, nenory and logic to nodulate a radio frequency signal with a
frequency; 13 b. attaching a first bonded end of a first wire to the
first chip contact on a first chip using a wire bondi ng nmachi ne; c.
spooling the first-wire with the wire bonding machine to a first |ength; d.
attaching a first cut end of the first wire to a second chip contact on a
second chip using a wire bonding nmachine; e. cutting the wire at the first
|l ength at the first cut end; f. attaching a second bonded end of a second
wre to the second contact of the first chip using a wire bondi ng nachi ne;
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: [ .
g.” spooling the second wire with the wire bonding machine to a second
| ength; h. attaching a second cut end of the second wire to a first chip’
contact on a third chip using a wire bonding nmachine; i. cutting the second
wire at the second length at the second cut end; and j. cutting the first
wire between the first and second seng£b;mductor and cutting the second wirc
between the first and third sem conductor, whereby the first and second
wire forma antenna that receives a signal at the frequency, the signa
bei ng nodul ated by the sem conductor |ogic and the nod- ul ated signal being
transmtted by the antenna. 26. A method for meking a radio frequency tag
conprising the steps of: a. attaching a sem conductor on an organic
substrate, the sem conductor having a first and second contact, nenory and
logic (o nodulate a radio frequency sig- nal with a frequency; b. attaching
a first bonded end of a wirc to the first contact on the sem conductor
using a wire bondi ng machine; C. spooling the first wire V@th the wire
bondi ng machi ne around one or nore wire guides; d. attaghi g t he cut end of
the wire to the second contact using a wire bondi ng machin and e. ‘cutting
the wire at a length at a cut end | ocated at the. second ntjact ,
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14 whereby the wire forns a fol ded di pole antenna that receives a signal at
_the fre- quency, the signal being nodul ated by the sem conductor |ogic and
the nodu- |ated signal being transmtted by the antenna. 27. A nethod, as
in claim26, where the sem conductor has two or nore pairs of first and
second contacts and steps a - e are yepgated for each pair of contacts to
create nore than one fol ded di pole antenna. 28. A nethod, as in claim 26,
where one or nore guides is a stud enbossed in the substrate. 29. A nethod,
as in claim26, where one or nore guides is a tenporary post tenmporarily in
contact with the substrate. 30. A nethod, as in claim?29, where the wire is
attached to the substrate by heat. 31. A nethod, as in claim26, where one
or nore guides is a flap punched in the substrate. 32. A nmethod, as in
claim31l, where the flap is raised by an air jet in order to capture the
wire being | ooped by the wire bonding machine.' 33.. A nmethod, as in claim
31, where the flap is raised by a pin.
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34. A nethod for making-a plurality radio frequency tags conprising the
steps of 7 a. attaching four or nore sem conductors on a strip of organic

" substrate in an array, each sem conductor having a first, second, third,
and fourth chip contact, and a nmenory and a logic to nodulate a radio
frequency signal with a frequency; Bsigttaching a first bonded end of a
first wire to the first chip contact on a first chip using a wire bondi ng
machi ne; c¢. spooling the first wire with the wire bonding machine to a
first length; d. attaching a first cut end of the first wire to a second
chip contact on a second chip using a wire bondi ng machine; c. cutting the
wre at the first length at the first cut end; f. attaching a second bonded
end of a second wire to the second contact of the first chip using the wire
bondi ng machi ne; 15 g. spooling the second wire with the wire bonding
machine to a second |length; h. attaching a second cut end of the second
wire to a first chip contact on a third chip using the wire bonding

machi ne; . : . .
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l. cutting the 'second wire at the second |length at the second cut end; j.
attaching a third bonded end of a third wire to the third chip contact on
the first chip using the wire bonding machine; k. spooling the third wire
with the wire bonding nmachine to a third length;. 1. attaching a third cut
end of the third wire to a fourth CBP? contact on a fourth chip using the

W re bondi ng machine; m cutting the- %ird wre at the third length at the
third cut end; n. attaching a fourth bonded end of a fourth wire to the
fourth chip contact on the first chip using the wire bonding machine; o.
spooling the fourth wire with the wire bonding machine to a fourth | ength;
p. attaching a fourth cut end of the fourth wite to a connection contact on
the substrate; q. cutting the fourth wire at the fourth Iength at the
fourth cut end; r. cutting the first_wire between-the first and second

sem conductor, cutting the second wiffEGbeBween the first and third

sem conductor, and cutting the third wire between the first and fourth

sem conductor, whereby the first, seco third, .and fourth wires formtwo
antennas that receive a @Pgnﬁl at the f queng%,-the si gnal bei ng nodul at ed
by the sem conductor |ogic and the XA I'gnal being transmtted by
the antenna. 35. A nethod, as in clai\ne24j /where the connection contact is
a contact on a fifth
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scm cqnductor and the fourth wire is cut between the first and fifth
sem-cenduc- tor. 36. A nethod, as in claim34. where the two antennas each
have two wire ele- nments of equal |ength. 37. A nmet hod of nmaking a
radi o frequency tag, the nethod being substantially as hereinbefore :
described with reference to Figs. 1fg/sed 10 together with any one of Figs.

-~ 7-9 of the acconpanying drawings. 38.- A nethod of nmaking a plurality of
radi o frequency tags, the nethod being substantially as herei nbefore
described with reference to Figures 5 and 6 of .t he acconpanyi ng draw ngs.
39. A radio frequency tag made in accordance with the nethod of any one
of Cains 1-33 and 37. 40. A plurality of radio frequency tags made in
accordance with the nmethod of any one of Cains 34-36 and 38.
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