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PRINTED ANTENNAS, METHODS OF PRINTING AN ANTENNA, AND DEVICES

INCLUDING THE PRINTED ANTENNA

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Pat. Appl. No.

61/1 17,830, filed November 25, 2008 (Attorney Docket No. IDR2271), which is incorporated

herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention generally relates to the field of wireless devices such as

sensors and electronic article surveillance (EAS), radio frequency (RF) and/or identification

(ID) tags. More specifically, embodiments of the present invention pertain to tags/devices

utilizing an integrated circuit with an antenna printed thereon, and methods for their

manufacturing and/or production.

DISCUSSION OF THE BACKGROUND

[0003] Remotely powered electronic devices and related systems are known. For

example, U.S. Pat. No. 5,099,227, issued to Geiszler et al. and entitled "Proximity Detecting

Apparatus," discloses a remotely powered device which uses electromagnetic coupling to

derive power from a remote source, then uses both electromagnetic and electrostatic coupling

to transmit stored data to a receiver, often collocated with the remote source. Such remotely

powered communication devices are commonly known as radio frequency identification

("RFID") tags.

[0004] RFID tags and associated systems have numerous applications. For example,

RFID tags are frequently used for personal identification in automated gate sentry

applications, protecting secured buildings or areas. These tags often take the form of access

control cards. Information stored on the RFID tag identifies the tag holder seeking access to

the secured building or area. Older automated gate sentry applications generally require the

person accessing the building to insert or swipe their identification card or tag into or through

a reader for the system to read the information from the card or tag. Newer RFID tag systems

allow the tag to be read at a short distance using radio frequency data transmission

technology, thereby eliminating the need to insert or swipe an identification tag into or



through a reader. Most typically, the user simply holds or places the tag near a base station,

which is coupled to a security system securing the building or area. The base station

transmits a signal to the tag that powers circuitry contained on the tag. The circuitry, in

response to the signal, communicates stored information from the tag to the base station,

which receives and decodes the information. The information is then processed by the

security system to determine if access is allowed or appropriate. Also, RFID tags may be

written (e.g., programmed) and/or deactivated remotely by an excitation signal, appropriately

modulated in a predetermined manner.

[0005] Some conventional RFID tags and systems use primarily electromagnetic

coupling to remotely power the remote device and couple the remote device with a reader

(e.g., an emitter system and a receiver system). The reader (e.g., the emitter system)

generates an electromagnetic excitation signal that powers up the device and causes the

device to absorb, re-radiate or backscatter a signal which may include stored information. A

receiver on the reader receives the signal produced by the remote device.

[0006] Traditional RFID manufacturing processes generally require a direct die attach

to either a 3-layer antenna or to a strap that is then attached to a single layer antenna. The

direct die attach process, an example of which is shown in FIGS. 1A-1B, is a relatively slow

process, which can make it relatively expensive for a given throughput. The size of the die is

limited, and the relatively small die dimensions result in a need for higher accuracy pick and

place systems, which further increases costs.

[0007] Referring to FIG. IA, conventional RFID tags are formed by a process that

includes dicing a wafer manufactured by conventional wafer-based processes into a plurality

of die. A die is then placed onto an antenna or inductor carrier (which may contain an

antenna, inductor coil or other conducting feature) in a chip-to-antenna attach process.

Alternately, the die can be attached to an intermediate carrier (or strap) in a two-step chip-to-

strap/strap-to-antenna attach process.

[0008] In the two-step process, a die 120 is attached to a strap (or carrier) 140.

Electrical paths 130 and 132 from the die 120 to relatively larger and/or more widely

distributed areas (e.g., 134 or 136) for attaching ends of the antenna are present in certain

locations on the strap 140. This assembly may then be attached as shown in FIG. IB to a



support film 150 containing inductor/antenna 152. Because the pads 134 and 136 (together

with the paths 130 and 132 and the die 120) connect the ends of the antenna 152, the

assembly on the strap 140 is sometimes known as a "strap." This attach process may include

various physical bonding techniques, such as gluing, as well as establishing electrical

interconnection(s) via wire bonding, anisotropic conductive epoxy bonding, ultrasonics,

bump-bonding or flip-chip approaches. Also, the attach process often involves the use of

heat, time, and/or UV exposure. Since the die 120 is usually made as small as possible (< 1

mm2) to reduce the cost per die, the pad elements for external electrical connections to the die

120 may be relatively small. This means that the placing operation should be of relatively

high accuracy for high speed mechanical operation (e.g., placement to within 50 microns of a

predetermined position is often required).

[0009] Manufacturing conventional RFID devices using the strap attach process also

has cost limitations because the process inherently requires the same die attach process as the

direct die-to-antenna attach process to place the die on the strap. The strap attach process

also introduces additional process steps, which result in lower yields and higher costs.

[0010] Some RFID manufacturing processes use a printed integrated circuit (PIC).

The printed integrated circuit is generally larger than a photolithographically-produced die on

a single-crystal substrate (e.g., a silicon wafer). The relatively large size of the printed

integrated circuit (e.g., > 1 mm2) enables direct die attachment to (or placement on) a single

layer antenna. An example of this process is shown in FIGS. 2A-2B (see, e.g., U.S. Patent

No. 7,152,804). The cost of direct die attachment of large printed integrated circuits is

generally lower than traditional pick-and-place die attachment. However, the cost of certain

adhesives and/or of crimping or welding processes may still be higher than desired.

[0011] FIG. 2A shows tag precursor 200, comprising strap or interposer 232, having

thereon pads 234 and 236 and integrated circuitry 210. Generally, integrated circuitry 210 is

formed on a first major surface of strap 232. The integrated circuitry 210 can be realized as a

printed inorganic circuit, largely using the techniques described in U.S. Patent Nos.

7,152,804, 7,286,053, 7,387,260 and 7,498,948. Holes or vias (not shown in the Figures)

may be formed in the major surface of substrate 232 opposite that on which pads 234 and 236

and integrated circuitry 210 have been formed, if backside attachment to the antenna is to be

performed.



[0012] FIG. 2B shows an antenna and/or inductor carrier 250, comprising carrier 250

and an antenna and/or inductor 252 thereon. Generally, the antenna and/or inductor 252 are

formed on a first major surface of carrier 250. The antenna and/or inductor 252 can be

realized as an etched structure on a dielectric substrate, a plated structure, or a printed

structure. As shown in FIG. 2B, the strap/interposer 232 can be attached to the carrier 250

containing the inductor/antenna 252 such that electrical connections are formed between pads

234 and 236 and terminals of antenna/inductor 252 at locations corresponding to the holes or

vias (not shown) in substrate 232. Alternatively, the carrier/strap 232 and the carrier 250 can

be attached face-to-face, such that direct electrical connections are made between the pads

234 and 236 and terminals of antenna/inductor 252. This carrier-based process may have

advantages for flip-chip or bump bonding approaches, where the small pad dimensions and

relatively small pitch between adjacent pads may make it more expensive or disadvantageous

to implement bumps, balls and/or other interconnect elements onto the integrated circuit, the

pads 234 and 236, and/or the inductor/carrier substrate 250 by conventional means.

[0013] Conventional RFID manufacturing processes generally use either a relatively

complex chip-to-antenna attach process (not shown in the Figures) or a two-step chip-to-strap

/ strap-to-antenna attach process, as shown in FIGS. 1A-1B. Either process requires high-

precision pick-and-place equipment for the chip attach. The high precision pick-and-place

equipment has a relatively high capital cost and is typically slower than lower precision

equipment. Also, the process of picking out a separated (sawn) die 120 (FIG. IA), moving it

to the strap 140 to which it is to be bonded, accurately placing it in its appropriate location,

and making the physical and electrical interconnections can be a relatively slow process. As

a result, the conventional attach process has a proportionately high cost relative to the overall

manufacturing cost.

[0014] In the case of a process that uses a strap or interposer (e.g., strap 232 in FIG.

2B), cost and throughput advantages are achieved by first forming the integrated circuit 210

on a continuous or discrete process sheet, and individual carriers/straps 232 are formed

therefrom by singulation. Relatively large and more widely distributed pads 234, 236 can be

formed in other locations on the carrier 232 to allow high-throughput, low resolution

attachment operations such as crimping or conductive adhesive attach to the substrate 250



and antenna 252. Electrical paths from the integrated circuit 210 to the pads 234, 236 can be

formed simultaneously with the pads 234, 236.

[0015] The price of tags is a significant focus within the RFID industry. High RFID

tag prices have been an obstacle against widespread adoption of RFID technology, especially

in item-level retail applications and other low-cost, high-volume applications. One way of

reducing wireless device (e.g., RFID tag) costs is to develop a tag structure and process that

incorporates (and preferably integrates) a less expensive substrate, simplifies or eliminates

any attach processes, a stable and effective antenna, and printed front end devices and logic

circuitry.

SUMMARY OF THE INVENTION

[0016] Embodiments of the present invention relate to wireless devices such as

sensors and RFID tags having an antenna and/or inductor that is printed directly on the

integrated circuit and/or substrate, and methods for their manufacture and use. The device

generally comprises (a) an integrated circuit on a substrate; and (b) an antenna, directly on

the substrate and/or the integrated circuit, in electrical communication with the integrated

circuit. The method of manufacturing generally comprises (1) forming an integrated circuit

on a substrate; and (2) printing an antenna or antenna precursor layer on the integrated circuit

and/or the substrate, the antenna being in electrical communication with the integrated

circuit.

[0017] Various embodiments of the present invention relate to printed wireless

integrated circuits (e.g., sensors, displays, tags having one or more RF, HF, VHF, UHF,

and/or electronic article surveillance [EAS] functions, and other articles of manufacture that

send and/or receive wireless signals, etc.). Printing has potential cost advantages for

manufacturing such integrated circuits, since printing increases the efficiency of materials

utilization (e.g., by additive or semi-additive processing), combines deposition and patterning

steps eliminating expensive subtractive step in conventional processing, and leverages low

capital expenditures and operating costs for processing equipment. The materials efficiency

and additive processing enable a lower cost per unit area for the processed carriers , as well

as low cost attach processing and/or integration of passive devices with the active circuitry.

Furthermore, high throughput conventional printing processes can be adapted to flexible



substrates (e.g., a plastic sheet or a metal foil), thereby improving and/or expanding uses of

wireless devices in a number of applications. Also, maskless processes such as printing

enable facile customization of devices (e.g., wireless RF), for example where each individual

RF device is provided with a unique identification code and/or a unique response time delay

with respect to a reader inquiry. Furthermore, if an antenna can be printed in a manner that

facilitates the direct placement of the printed antenna on an integrated circuit and/or a

substrate containing the integrated circuit, the cost of the antenna "attach" process can be

reduced significantly.

[0018] The use of printing technology and ink facilitates the manufacturing of a low

cost, but relatively large, printed integrated circuit (PIC). To improve yield and/or further

reduce cost, at least part of an antenna or antenna precursor layer can be printed directly onto

the printed integrated circuit and/or the substrate on which the printed integrated circuit is

formed. Thus, the integrated circuit and the antenna can, in effect, directly contact each

other, eliminating the need for a conventional die attach process and/or a strap-to-antenna

attach process by which the integrated circuit (on a strap) is attached to the antenna (on a

separate substrate).

[0019] By reducing the number of relatively expensive and/or low throughput

attachment steps, as well as reducing the cost of fabricating the active electronics, a low cost

wireless device may be produced by directly printing or otherwise forming an antenna on the

integrated circuit and/or on the substrate. As a result, the present invention provides a

relatively low-cost process for producing a wireless device, such as an RFID (or EAS) tag,

comprising an integrated circuit and an antenna. These and other advantages of the present

invention will become readily apparent from the detailed description of various embodiments

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIGS. 1A-1B show steps in a conventional process for manufacturing RFID

tags involving attachment of a conventional semiconductor die to an antenna using a strap.

[0021] FIGS. 2A-2B show key steps in a related process for manufacturing a RFID

tag/device involving attachment of a first carrier or substrate with printed integrated circuitry

thereon to a second carrier or substrate containing an antenna thereon.



[0022] FIGS. 3A-3B show front and back views of an exemplary wireless device

having printed integrated circuit and an antenna or antenna precursor layer on a single

substrate.

[0023] FIGS. 4A-4D show key steps in an exemplary process for manufacturing a

wireless tag/device involving printing an integrated circuit on a first substrate and printing an

antenna on the printed integrated circuit and/or a second substrate.

[0024] FIGS. 5A-5C show key steps in an exemplary process for manufacturing a

wireless tag/device involving printing an antenna on a substrate, then forming a printed

integrated over the antenna.

[0025] FIG. 6 shows exemplary function blocks for an exemplary RFID tag.

DETAILED DESCRIPTION

[0026] Reference will now be made in detail to certain embodiments of the invention,

examples of which are illustrated in the accompanying drawings. While the invention will be

described in conjunction with the disclosed embodiments, it will be understood that they are

not intended to limit the invention to these embodiments. On the contrary, the invention is

intended to cover alternatives, modifications and equivalents that may be included within the

spirit and scope of the invention as defined by the appended claims. Furthermore, in the

following detailed description, numerous specific details are set forth in order to provide a

thorough understanding of the present invention. However, it will be readily apparent to one

skilled in the art that the present invention may be practiced without these specific details. In

other instances, well-known methods, procedures, components, and circuits have not been

described in detail so as not to unnecessarily obscure aspects of the present invention.

[0027] For the sake of convenience and simplicity, the terms "coupled to,"

"connected to," and "in communication with" mean direct or indirect coupling, connection or

communication unless the context indicates otherwise. These terms are generally used

interchangeably herein, but are generally given their art-recognized meanings. Also, for

convenience and simplicity, the terms "EAS", "RF," "RFID," and "identification" may be

used interchangeably with respect to intended uses and/or functions of a device and/or tag.

Also, the terms "integrated circuit," "integrated circuitry," "PIC," and "printed integrated

circuitry" refer to a unitary structure comprising a plurality of electrically active devices



formed from a plurality of conductor, semiconductor and insulator thin films, but generally

does not include discrete, mechanically attached components (such as die, wire bonds and

leads, the carrier, or an antenna and/or inductor component), or materials having primarily an

adhesive function. The term "antenna" may be used in a general context to refer to an

antenna, an inductor, or an antenna and inductor. Further, the terms "strap", "carrier," and/or

"substrate" refer to a structure that may be used as a support for additional structures,

including printed integrated circuitry and/or an antenna and/or inductor. In addition, the

terms "item," "object," and "article" are used interchangeably, and wherever one such term is

used, it also encompasses the other terms. In the present disclosure, a "major surface" of a

structure or feature is a surface defined at least in part by the largest axis of the structure or

feature (e.g., if the structure is round and has a radius greater than its thickness, the radial

surface[s] is/are the major surface of the structure, and if the structure has three dimensions

defined by a length, a width and a height or thickness, the major surface[s] of the structure

may be the surface[s] defined by the two largest dimensions), and if the structure is

substantially rectangular on all sides, the major surface is defined by the two largest axes.

Exemplary Method(s) for Making an Exemplary Wireless Device

[0028] In one aspect, the present invention concerns a method for making a wireless

device, comprising the steps of (1) forming an integrated circuit on a first substrate; and (2)

printing at least part of an antenna or antenna precursor layer on the integrated circuit and/or

the first substrate, the antenna being in electrical communication with the integrated circuit.

The present method provides a cost-effective method for manufacturing sensors, interactive

displays, and EAS and identification (e.g., HF, VHF, UHF, and RFID) devices.

[0029] A first exemplary method for manufacturing the present RFID device is

described below with reference to FIGS. 3A-3B. FIG. 3A shows a substrate 350 and a

printed integrated circuit 310 thereon. Generally, the integrated circuit 310 comprises a

printed integrated circuit, formed on a first major surface of the substrate 350.

[0030] In various embodiments, the substrate 350 comprises a conductive

(electrically active) or non-conductive (electrically inactive) substrate, as depicted in FIG.

3A. The phrase "electrically active" refers to the properties of the substrate, and not



necessarily the interaction between the substrate and the printed integrated circuit.

Additionally, the substrate 350 may be flexible, inflexible, or rigid.

[0031] The substrate 350 generally has a size that can be cost-effectively processed

using conventional thin film processes and/or emerging or state-of-the-art printing processes,

to produce low-cost wireless circuits. Integrated circuit 310 can be formed on substrates such

as plastic (e.g., polyethylene terephthalate [PET]), paper, glass, ceramic, metal or any other

insulating or conducting substrate, including polyimide, glass/polymer laminates, high-

temperature polymers, and metal foils, all of which may further include one or more barrier

coats.

[0032] In various embodiments, it may be advantageous to use an anodized or "clean"

(non-anodized) Al, Al/Cu, Cu, stainless steel or similar metal foil as the substrate. Such

materials may serve as an interconnect, an electrode (or plate, and when anodized, a

dielectric) for one or more storage or IC resonance capacitors, an inductor, an electrode for a

diode, MOS device or FET, or as an element of a write once read many (WORM), one-time

programmable (OTP), deactivation or other memory storage element. Examples of such

substrates can be found in U.S. Patent Nos. 7,152,804 and 7,286,053.

[0033] It also may be advantageous to use as the substrate for the printed integrated

circuitry a flexible material that may be adapted to withstand relatively high-temperature

processing (e.g., a temperature of 300 0C, 350 0C, 400 0C, 450 0C or more, up to a

temperature of 500 0C, 600 0C, or 1000 0C), without significant deterioration or decrease in

its mechanical and/or electrical properties. For example, the substrate may comprise a thin

(10-200 micron) glass sheet or slip, a glass/polymer laminate, a high temperature polymer

(e.g., a polyimide, a polyethersulfone, polyethylene naphthalate [PEN], polyether ether

ketone [PEEK], etc.), or a metal foil such as aluminum, stainless steel or copper. Exemplary

thicknesses depend on the material used, but in general, range from about 10 µm to about 200

µm (e.g., from about 50 µm to about 100 µm or any other range of values therein).

[0034] In various embodiments, the substrate 350 may have one or more insulating,

planarizing, buffering, or other materials coated or otherwise deposited thereon. The

substrate is conventionally cleaned and optionally coated with a barrier material (such as

silicon dioxide, aluminum oxide, or a conductive barrier such as titanium nitride) before



further processing. The coating step may comprise oxidation and/or anodization of a surface

material of the substrate (e.g., a metal foil); deposition of a spin-on or fluid barrier

composition; sputtering, CVD, or spray coating a barrier material onto the substrate; or a

combination of any of these processes (see, e.g., U.S. Pat. Appl. Publ. No. 2007/0273515 Al.

[0035] Conventional thin film processes, as well as conventional and/or state-of-the-

art printing processes, can be used to produce the printed integrated circuitry (e.g., 310 in

FIG. 3A). Nearly any layer of material in the integrated circuitry 310 can be made by either

blanket deposition or selective deposition (e.g., printing), but generally, at least one layer of

material in the integrated circuitry 310 is printed. In further embodiments, at least two or

three layers of material in the integrated circuitry 310 are printed. Such printed materials can

include semiconductor islands, gates or interconnects; dielectric layers such as gate

dielectrics, dopant-containing dielectrics, interlayer dielectrics, and passivation; conductive

metal compounds for structures such as source/drain contacts, (local) interconnects, and seed

layers for metal interconnects; and metals for structures such as interconnects, seed layers for

interconnects, pads and (ohmic) contacts.

[0036] Blanket deposition may comprise, e.g., evaporation, physical vapor

deposition, sputtering, or chemical vapor deposition (CVD and variations thereof, such as

low pressure CVD [LPCVD], plasma-enhanced chemical vapor deposition [PECVD]).

Selective deposition (e.g., printing) may comprise ink jet printing, screen printing, gravure

printing, offset printing, extrusion coating, combinations thereof, and/or other techniques, in

a predetermined pattern of any element or layer. For reference, see U.S. Patent Nos.

7,152,804 7,286,053, 7,314,513, 7,485,691 and 7,491,782, and/or U.S. Pat. Appl. Publ. Nos.

2007/ 0007342 Al, 2008/0042212 Al, 2008/0044964 Al, 2007-0287237 Al, 2008-0085373

Al, 2008-0048240 Al, 2009-0065776 Al, 2009-0004370 A l and 2009-0085095 Al.

[0037] In one embodiment, the integrated circuit comprises a printed integrated

circuit (PIC). Forming the printed integrated circuit 310 on the substrate 350 generally

comprises printing at least one layer of the printed integrated circuit 310 in a first pattern on

the substrate. Printing the layer(s) of the printed integrated circuit 310 may comprise printing

an ink that includes one or more semiconductor (e.g., silicon) precursor(s), metal precursors,

or dielectric precursors in a solvent in which the semiconductor, metal, or dielectric

precursor(s) are soluble. For example, the semiconductor precursor may comprise silicon



nanoparticles and/or an oligo- and/or polysilane, which may be doped or undoped. For

further details, see U.S. Pat. Nos. 7,314,513, 7,485,691 and 7,491,782, and U.S. Pat. Appl.

Publ. No. 2008/ 0085373 Al.

[0038] In various embodiments, forming the printed integrated circuit 310 on the

substrate 350 further comprises printing a second layer of a second material in a second

pattern on or above the first pattern. The second material may comprise a dielectric

precursor, such as a molecular, organometallic, polymeric and/or nanoparticle in a solvent or

solvent mixture in which dielectric precursor is soluble. In some embodiments, the dielectric

precursor is a source of silica, silicon nitride, silicon oxynitride, aluminate, titanate,

titanosilicate, zirconia, hafnia, or ceria. In other embodiments, the dielectric precursor is an

organic polymer or precursor thereof (e.g., a [methjacrylate polymer). The solvent for the

dielectric precursor can be a solvent mixture that comprises a high volatility solvent in an

amount of at least 10 wt% of the solvent mixture, and a low volatility solvent in an amount of

at least 10 wt% of the solvent mixture. High volatility solvents include those that are liquid

at ambient temperatures (e.g., 15-30 0C), but which have a vapor pressure at 25 0C of at least

1 torr, and preferably, of not more than 200 torr, and/or that have a boiling point at 1 atm

pressure of less than 150 0C. Low volatility solvents include those that are liquid at ambient

temperatures, but which have which have a vapor pressure at 25 0C of not more than 10 torr,

and preferably, of at least 0.01 torr, and/or that have a boiling point at 1 atm pressure of more

than 150 0C. The second material may further comprise a dopant precursor containing a

dopant element selected from the group consisting of boron, phosphorous, arsenic, and

antimony.

[0039] In a further embodiment, forming the printed integrated circuitry on the

substrate further comprises printing a third layer of a third material in a third pattern on or

above the first and/or second pattern(s). The third material may comprise a metal precursor,

in which the metal precursor comprises one or more Group 4, 5, 6, 7, 8, 9, 10, 11, or 12 metal

salts, complexes, clusters and/or nanoparticles in a third solvent or solvent mixture adapted to

facilitate coating and/or printing of the metal precursor. In certain embodiments, the metal

precursor comprises a metal salt, compound and/or complex having one or more ligands

bound thereto that form gaseous or volatile byproducts upon reduction of the metal salt,

compound and/or complex to an elemental metal and/or alloy thereof. The third material



may further comprise one or more additives (e.g., one or more reducing agents) that can also

form gaseous or volatile byproducts upon reduction of the metal salt, compound and/or

complex to an elemental metal and/or alloy. Such metal formulations enable the printing of a

pure metal film using metal precursor(s) and reducing agent(s) that generally do not leave

substantially adverse levels of impurities and/or residues in the film. For additional details,

see U.S. Pat. Appl. Publ. No. 2009-0004370 Al.

[0040] For each printed layer of the integrated circuit 310, the printed precursor

ink(s) is generally dried and cured. The lengths of time and the temperatures at which the ink

is dried and the dried precursor(s) are cured depend upon the particular ink formulation and

the particular precursor(s), but in general, the ink is dried at a temperature and for a length of

time sufficient to remove substantially all of the solvent from the printed ink, and the dried

precursor(s) are cured at a temperature and for a length of time sufficient to convert the

precursor(s) to the material of the final patterned film (e.g., a semiconductor, dielectric or

metal).

[0041] In some embodiments, the printed integrated circuit 310 contains CMOS

integrated circuitry, fabricated using printing and ink technologies on the aforementioned

substrate 350 and/or using conventional (e.g., thin-film) deposition and patterning equipment.

The printed integrated circuit generally provides the functionality for one or more wireless

applications such as electronic article surveillance (EAS) and/or HF, VHF, UHF, or radio

frequency identification (RFID) tags in a range of common frequencies (e.g. 8 MHz, 13

MHz, 900 MHz, 2.7 GHz, etc.), display applications such as display drivers and/or TFT

backplanes, integrated memory such as printed EEPROM, one-time programmable (OTP)

memory and/or read-only memory (ROM), sensor applications such as biosensors, hazard

sensors, and other sensors, and combinations thereof.

[0042] In various embodiments, each printing operation independently comprises

screen printing, flexographic printing, gravure printing or inkjet printing. Various printed

integrated circuits and methods of forming printed integrated circuits are described in U.S.

Patent Nos. 7,152,804, 7,286,053 and 7,619,248, and U.S. Pat. Appl. Publ. Nos.

2006/021 1187 Al, 2007/ 0007342 Al, 2008/0042212 Al, 2008/0044964 Al, 2007/0287237

A l , and 2008/0048240 A l .



[0043] In general, an uppermost layer of the integrated circuit 310 includes pads 334

and 335, configured to electrically connect the functional elements or blocks of the integrated

circuit 310 to a subsequently formed antenna. The pads 334 and 335 generally comprise a

metal, and may be formed by one of the printing techniques described above. Thus, for

example, printing the conductive pads 334, 335 generally comprises printing a first metal

precursor ink in a pattern on the underlying printed integrated circuit 310. The pads 334 and

335 may further include an interconnect portion to electrically connect a pad to an opening in

an underlying dielectric layer to an underlying electrically functional layer. In many wireless

devices, the pads 334 and 335 are each electrically connected (by an interconnect portion of

the pad; not shown in FIG. 3A) to a rectifier circuit, one or more capacitors, and

demodulator/modulator circuits. Thus, the pads may be located relatively far apart on the

integrated circuit 310, but the circuit(s) to which the pads are connected may be located in a

relatively small part of the integrated circuit 310.

[0044] In some embodiments of the present invention, an additional insulating layer

(e.g., one or more layers of passivation; not shown) may be printed onto printed integrated

circuit 310 before printing the antenna. Generally, the insulating layer has openings exposing

pads 334 and 335 (e.g., for electrical contact to circuitry within printed integrated circuit

310). To facilitate facile electrical connections, the pads 334, 335 may have

conductive/metal bumps thereon.

[0045] As shown in FIG. 3B, an antenna 356 may be printed on top of the printed

integrated circuit 310 and substrate 350 in a predetermined pattern. In some embodiments of

the present invention, printing the antenna 356 comprises printing an antenna precursor ink

on the printed integrated circuit 310, then drying printed ink and curing the dried antenna

precursor(s). Thus, printing the antenna 356 may comprise printing a metal precursor ink on

the printed integrated circuit 310 and substrate 350, drying the ink (e.g., to remove the

solvent) and annealing the metal precursor to form a conductive metal antenna 356. In one

embodiment, first and second ends of the antenna 356 are printed onto first and second

conductive surfaces (e.g., pads 334 and 335) configured to electrically communicate with the

printed integrated circuit 310. In such an embodiment, the integrated circuit 310 generally

comprises an uppermost passivation layer having first and second openings therein, exposing

the first and second conductive surfaces (e.g., pads 334 and 335).



[0046] As shown in FIG. 3B, printing the antenna 356 on the printed integrated

circuit 310 and/or the substrate 350 may comprise printing part of the antenna 356 on the

printed integrated circuit 310 and part of the antenna 356 on the substrate 350. The antenna

356 can be directly screen printed, flexographically printed, gravure printed or inkjet printed

onto the printed integrated circuit 310 and substrate 350. In the embodiment shown in FIG.

3B, the large size of the printed integrated circuit 310 enables a high throughput and low cost

process to "attach" (e.g., print) the antenna 356 onto the integrated circuit 310 and substrate

350.

[0047] While the integrated circuit 310 generally has an area much smaller than that

of the substrate 350, in an alternative embodiment, the integrated circuit 310 can have

sufficient functionality, size and/or complexity to consume an area similar to that of the

antenna 356. In such as embodiment, the antenna 356 can be printed entirely onto a

passivation layer over the integrated circuit (not shown), except for the ends of the antenna

356 in contact with the pads 334 and 335. As with other embodiments, the ends of the

antenna 356 are electrically connected to pads 334 and 336, exposed through openings in the

passivation layer on the uppermost surface of the integrated circuit 310. In such an

embodiment, the substrate 350 may have a major surface with dimensions slightly larger than

those of the integrated circuit 310 (which, in turn, includes an uppermost passivation layer

having a major surface with dimensions slightly larger than those of the antenna 356).

[0048] The above direct antenna printing process is also applicable to integrated

circuits 310 fabricated on a substrate 350 using conventional thin film transistor (TFT)

technology, such as is used in the display industry, and maybe applicable to combine single

crystal silicon, silicon, or chips. However, the tolerances for alignment between the printed

antenna and pads on a single crystal silicon chip are more demanding. Typical pad sizes in

conventional RFID chips are from -50 to -120 µm square with inter-pad spacings of from

-100 to a few hundred microns. In a PIC, the size of the pads 334, 335 are generally larger,

with considerably greater spacing between the pads.

[0049] Referring to FIG. 4A, in an alternative embodiment, an integrated circuit 410

may be fabricated on a substrate 432 (e.g., a metallic sheet or a plastic or glass

strap/interposer). The substrate 432 may be a unit of a sheet or roll comprising a plurality of

such substrates (e.g., straps, interposers or slips) 432 attached to each other at or along the



edges. The printed integrated circuit 410 may contain integrated circuitry (e.g., CMOS

integrated circuitry) on the substrate fabricated using printing and ink technologies and/or

using conventional (e.g., thin-film) deposition and patterning equipment as described herein.

The printed integrated circuit 410 may provide functionality for wireless applications as

described herein, and may include an additional insulating layer and/or passivation layer (not

shown) thereon, having first and second openings therein exposing first and second

conductive surfaces configured to enable electrical communication with the integrated circuit

410.

[0050] In the embodiment shown in FIG. 4A, conductive pads 434, 436 are printed on

the first substrate 432, with interconnect portions 440, 442 printed simultaneously on the

printed integrated circuit 410. Alternatively, the pads may be formed from the substrate (see,

e.g., U.S. Pat. Appl. Publ. No. 2009-0095818 Al). The pads 434, 436 and interconnect

portions 440, 442 may be printed by any of the techniques described herein or formed

conventionally. Via interconnect portions 440 and 442, the conductive pads 434, 436 are in

contact with an externally exposed conductive material of the printed integrated circuit 410.

Printing the conductive pads 434, 436 on the substrate 432 (and optionally in part on the

printed integrated circuit 410) may comprise printing a metal precursor ink in a pattern.

Subsequently, the metal precursor ink is dried and annealed. The conductive pads 434, 436

are thus in electrical contact with an externally exposed conductive material of the printed

integrated circuit 410.

[0051] When substrate 432 is part of a sheet or roll of such substrates, the sheet or

roll is separated or cut into small straps (e.g., 432) of a size optimized for handling by a strap

attachment machine (which may be roll-to-roll or pick-and-place), and/or to match

requirements of a specific application. Pads 434 and 436 may be printed on the substrate 432

in electrical communication with the printed integrated circuit 410, generally before

separation from the substrate material. Alternatively, pads 434 and 436 may be printed after

separation from the substrate material.

[0052] Subsequently, as shown in FIG. 4B, the strap 432, including printed integrated

circuit 410, is then attached to the substrate 450 using a low-resolution roll-to-roll or pick-

and-place process and a low cost, non-conductive adhesive. Using the pick-and-place

process, strap 432 can be placed on the substrate 450 one-by-one in a serial fashion or a



plurality of straps may be attached to the substrate 450 simultaneously. For example, pick-

and-place equipment can pick up an array of straps 432 and simultaneously place them in

corresponding locations on the substrate 450, thus increasing the number of straps 432 placed

on the substrate 450 over a given period of time. Furthermore, the relatively large size of the

strap 432 improves the ease of handling by such pick-and-place equipment. Alternatively,

the strap 432 can be placed on substrate 450 using standard die sorting and die pick and place

machines (e.g., a die sorter and a die pick and place apparatus commercially available from

Muehlbauer, Germany). Die sorters can also take diced integrated circuits from a wafer (or,

in the present case, printed integrated circuits on a substrate) and place them onto a web roll

for a roll-to-roll attach process (the substrates 450 being in the form of a roll in such a

process). In the exemplary embodiment of FIG. 4B, attaching the substrate 432 to the

substrate 450 utilizes a non-conductive glue that is applied to either the underside of the

substrate 432 (i.e., the surface away from the pads 434, 436), the upper surface of the

substrate 450 (i.e., facing the underside of strap 432), or both.

[0053] The substrate 450 generally has a greater area than the strap 432. In various

embodiments, the area of the substrate 450 is at least two times, three times, four times, etc.,

that of the strap 432. In some embodiments, the substrate 450 may be non-conductive or

electrically inactive, as described herein. After placing the strap 432 on the substrate 450,

pressure and/or heat may be subsequently applied to the printed integrated circuit 410 and/or

the strap 432. This attachment process (which may comprise applying pressure and/or heat to

the opposed major surfaces of strap 432 and substrate 450) may secure the strap 432

relatively reliably to the substrate 450.

[0054] Referring to FIG. 4C, an antenna seed layer 452 may be printed on the

substrate 450 such that first and second ends of the antenna seed layer 452 are in contact with

pads 434 and 436. Printing the antenna seed layer 452 may comprise printing an ink

comprising a metal or other conductive material precursor on the substrate 450 and integrated

circuit 410, then drying the ink and curing or annealing the precursor. In one embodiment,

the metal precursor-containing ink includes a palladium salt or compound (e.g., PdCl ; see,

for example, U.S. Pat. Appl. Publ. No. 2009-0004370 Al). Alternatively, the antenna seed

layer 452 may comprise a metal other than palladium, for example from a commercially

available ink. The resulting printed seed layer is useful for subsequent electroplating and/or



electroless plating of metals on the printed metal (e.g., palladium) layer. This embodiment

may be particularly advantageous for forming an antenna on a non-conductive substrate.

[0055] As a result, a seed layer is formed by printing the seed layer 452 in the pattern

of the antenna, in part on the pads 434 and 436, in part on the strap 432, and in part on the

substrate 450, as shown in FIG. 4C. Thus, the "substrate" on which the seed layer is printed

may comprise both the strap 432 and the substrate 450. The pattern of the seed layer 452 has

first and second ends on first and second conductive surfaces (e.g., pads 434 and 436).

Conductive pads 434, 436 generally face upwards when the seed layer 452 is printed thereon.

[0056] As shown in FIG. 4D, the antenna 456 is formed by selectively depositing a

bulk conductor onto the seed layer 452. Such selective deposition may comprise, e.g.,

electroplating or electroless plating the bulk conductor from a solution of a salt or compound

of the bulk conductor in a plating bath. The bulk conductor may be selected from the group

consisting of Al, Co, Ni, Cu, Ag, Au, Pd, and Pt. In one embodiment, electroless plating

comprises immersing the substrate with the printed metal film 452 thereon into an electroless

plating solution of an interconnect metal (e.g., the bulk conductor) to form a conductive layer

on the printed metal film, as described in U.S. Pat. Appl. Publ. No. 2009-0004370 Al.

[0057] After plating the bulk conductor 456 onto the seed layer 452, an annealing

process is performed. The annealing time and temperature depends on the particular bulk

conductor used, but are generally sufficient to densify the bulk conductor, improve its

conductivity, form an ohmic contact between the seed layer 452 and the pads 434 and 436,

and/or physically secure the antenna 456 relatively reliably to the substrates 432 and 450.

Alternatively, the antenna 456 may be directly printed on the integrated circuit 410 or the

substrate 432, and subsequently, the thickness of the conductive antenna traces can be

increased by plating. The antenna 456 may be formed on one or both major surfaces of the

substrate 450.

[0058] The present process can be optimized to have a very high throughput and a

relatively low capital expenditure. Commercially available low cost printing and/or plating

tools can be used. The large size of the printed integrated circuit allows use of printing

processes using low cost equipment such as printing tools having relatively broad tolerances

and low resolution, typically in the order of microns, to make the printed integrated circuit



410 and print the antenna 456 of FIG. 4D. As a result, lower precision printing and

placement equipment can be employed in the manufacturing process, reducing capital and

manufacturing costs, while increasing yield.

[0059] FIGS. 5A-5C show another alternative arrangement for the present integrated

circuit and printed antenna. Referring to FIG. 5A, an antenna 510 is printed directly onto a

substrate 500. Substrate 500 can comprise an electrically active or electrically inactive

substrate that can be coated with one or more layers, as described herein. Antenna 510 can

comprise a single-layer antenna (such as antenna 356 of FIG. 3B) or a bulk conductor plated

onto a seed layer (such as antenna 452/456 of FIGS. 4C-4D) as described herein, and be

formed by the same or similar methods. Referring to FIG. 5A, antenna 510 (which has a

spiral or concentric pattern, similar to antenna 356 of FIG. 3B, rather than a serpentine

pattern like antenna 452/456 of FIGS. 4C-4D) has first and second ends 512 and 514.

[0060] In FIG. 5B, a dielectric layer 520 is printed or otherwise deposited onto the

substrate 500, over the antenna 510. When the dielectric layer 520 is blanket deposited,

openings 522 and 524 can be formed therein by etching (e.g., after conventional

photolithographic masking, by placement of microdrops [e.g., drops having a maximum

volume of about 0.1 µl] of liquid etchant, etc.). When the dielectric layer 520 is printed,

openings 522 and 524 can be formed as part of the pattern of the dielectric precursor ink, or

the dielectric precursor ink can be printed in a pattern covering the entire antenna 510

(including ends 512 and 514), and the openings can be formed by etching as described herein.

The dielectric layer 520 may comprise any of the dielectric materials described herein, and be

formed by one or more methods as described herein for other dielectric layers.

[0061] FIG. 5C shows a printed integrated circuit 530, formed on the dielectric layer

520 by the various processes described herein. A first layer of the printed integrated circuit

530 comprises pads 534 and 536, which may comprise the same materials and be formed

according to the same methods as other pads described herein. The printed integrated circuit

530 may further comprise conductive interconnects (not shown) between pads 534 and 536

and one or more functional blocks in the integrated circuit 530, such as a rectifier, a

capacitor, and/or demodulator/modulator blocks. The conductive interconnects may

comprise the same materials and be formed according to the same methods as described

elsewhere herein. In the case where demodulator and modulator blocks are present, one pad



is electrically connected to the demodulator block, and the other pad is electrically connected

to the modulator block.

Exemplary Tags and/or Devices

[0062] Another aspect of the present invention relates to an identification (e.g., RFID)

or other wireless device, comprising (a) an integrated circuit on a first substrate; and (b) an

antenna, directly on the first substrate and/or the integrated circuit, in electrical

communication with the integrated circuit. The present wireless device may also include

sensors (the signal modulation activities of which may change as a result of certain external

changes in the environment [e.g., temperature, conductivity of the structure or surface to

which the sensor is attached, etc.]) and active RF or wireless circuits and/or devices (e.g.,

tags with a battery on board). The present RF device may include an RF front end (or subset

of an RF front end and logic circuit) fully capable of operating in accordance with modern

wireless or RFID standards. The present device includes identification tags including

integrated circuitry configured to operate in a certain frequency range. For example,

functional ID tags in the RF, HF, VHF, and UHF regimes are possible, and are described in

further detail in U.S. Pat. Appl. Publ. No. 2007/0007342 A l and U.S. Pat. Appl. No.

12/467,121.

[0063] According to certain embodiments, and as shown in FIG. 6, the identification

tag or device 600 (e.g., a HF, UHF, VHF, RF, RFID, or multi-mode EAS/RFID tag, etc.)

comprises an antenna (e.g., Coill, Coil2), an RF or other wireless circuit coupled to the

antenna configured to receive a wireless power signal and to modulate an absorption of the

wireless power signal to provide a response (e.g., demodulator and/or clock extractor 604,

data modulator 612), one or more data storage circuits or memory circuits 608 configured to

store identification data and/or supplemental (response) data, and a response circuit

configured to produce the response containing the identification data and the supplemental

data (e.g., logic 606 and data encoder 610). Designs for wireless identification tags (e.g., HF,

UHF, and/or RFID tags) are described U.S. Pat. Appl. Publ. Nos. 2007/0007342 Al,

2007/0126556 Al, and 2008/0088417 Al.

[0064] Communication from tag to reader generally occurs through impedance

modulation. In the HF range and lower, the tag is usually in the near field, inductive-



coupling range, significantly less than the free space wavelength of the RF carrier. In this

case, there is a direct inductive coupling between the tag, which typically has a resonant

inductor-capacitor (LC) loop (e.g., including the antenna connected at Coill/Coil2 and a

capacitor CR) tuned at or near the carrier frequency, and the reader, through the primary and

secondary coils of a simple inductor-based AC transformer. Modulation of the resonance

characteristics of the LC loop in the tag, typically through a variable resistive load (which

can be provided by a transistor), results in a detectable impedance change in the reader front

end circuit. The tag circuitry serially reads out data via this modulation signal to the reader.

[0065] At UHF frequencies, the reader to tag distance is generally longer, and the

carrier wavelength is shorter. Due to this, the RF link between the two falls in the range of

electromagnetic wave propagation physics, as is typically the case in radar, AM/FM radio or

cellular phone technology. In this case, the tag links to the reader via a reflected backscatter

signal. By modulating the impedance of the tag's antenna(e), the amount of power or the

phase or frequency of the signal reflected back to the reader can be changed, and a time-

varying signal can be encoded with this form of modulation. This modulation can be

performed resistively, as with a transistor, or through the use of varactors that modulate the

imaginary part of the tag antenna's impedance.

[0066] Various devices in accordance with embodiments of the invention are shown

in FIGS. 3B, 4D and 5C. The device 300 of FIG. 3B comprises a substrate 350, an integrated

circuit 310 thereon, and a printed antenna and/or inductor 356 on the substrate 350 and the

printed integrated circuit 310, as described herein. The device 400 of FIG. 4D comprises an

integrated circuit 410 on a first substrate 432, pads 434 and 436 on the first substrate 432 that

are electrically connected to the integrated circuit 410, a second substrate 450 on which the

first substrate 432 is attached, and a printed antenna and/or inductor 456 on the first and

second substrates 432 and 450 with ends electrically connected to the pads 434 and 436, as

described herein. The device 300 of FIG. 5C comprises a substrate 500, a printed antenna

and/or inductor 510 on the substrate 500, a dielectric layer 520 covering the antenna 510, and

a printed integrated circuit 530 on the dielectric layer 520, as described herein.

[0067] In various embodiments, the integrated circuit (e.g., 310, 410 or 530) may

comprise complementary metal-oxide-semiconductor CMOS circuitry and/or devices

manufactured by printing one or more (preferably a plurality) of patterned layers on or over



the substrate (e.g., 350, 450 or 500). The integrated circuit provides the functionality of the

device 300 for a variety of applications as described herein.

[0068] Generally, the integrated circuit comprises one or more semiconductor layers

(e.g., a transistor channel layer, a source/drain terminal layer, and/or one or more intrinsic

and/or lightly- or heavily-doped diode layers); a gate insulator layer on or over at least one of

the semiconductor layers; a gate metal layer on the gate insulator layer; one or more capacitor

electrodes (each of which is generally capacitively coupled to a complementary capacitor

electrode, which may also be part of the integrated circuitry or which may be integrated with

or part of the substrate or antenna layer); a plurality of metal conductors in electrical

communication with the gate metal layer, the source and drain terminals, an uppermost

and/or lowermost diode layer and/or an uppermost and/or lowermost capacitor electrode; and

one or more dielectric layers between various metal conductors and/or semiconductor

layer(s). The integrated circuit generally comprises at least one printed layer. The integrated

circuit may further comprise one or more resistors, which may comprise a metal and/or

lightly or heavily doped polysilicon. Exemplary semiconductor, dielectric and metal layers

for such integrated circuit elements are described herein, and materials and methods for

forming such layers and circuit elements are described in greater detail in U.S. Pat. No.

7,619,248 and U.S. Pat. Appl. Publ. Nos. 2006-021 1187 Al, 2007-0273515 Al, 2007-

0007342 Al, 2008-0042212 Al, 2008-0044964 Al, 2007-0287237 A l and 2008-0048240

Al.

[0069] In some embodiments (e.g., FIG. 4D), a plurality of pads (e.g., 434/436) may

be formed on the printed integrated circuit, in electrical communication with the printed

integrated circuit. Each pad is generally also in electrical communication with an end of the

antenna. In the embodiment of FIG. 4D, the device 400 may further comprise an adhesive

layer (not shown) between the strap 432 containing the integrated circuit 410 and the

substrate 450. The adhesive may comprise a non-conductive glue, generally applied to or

dispersed onto the underside of strap 432 prior to placing the strap 432 onto the substrate

450. In one embodiment, the adhesive may be a B-staged non-conductive adhesive.

[0070] The antenna (e.g., 356, 456 or 510) may comprise one or more layers and/or

coils. For example, the antenna may comprise a seed layer (e.g., 452 in FIG. 4C) and a bulk

conductor thereon. Further, the antenna may be formed on one or both sides of the substrate



(see, e.g., U.S. Pat. Appl. Publ. No. 2007-0262471 Al. Generally, the antenna comprises a

metal. In one embodiment, the metal may comprise or consist essentially of aluminum,

silver, gold, copper, palladium, titanium, chromium, molybdenum, tungsten, cobalt, nickel,

platinum, zinc, iron, or a metal alloy thereof. Preferably, the antenna comprises silver or

gold, which may be plated onto a palladium seed layer.

[0071] The substrate (e.g., 350, 432, 450 or 500) for the printed integrated circuit

and/or the antenna may comprise any substrate capable of providing physical support for the

integrated circuit during the formation thereof and during post-formation processing, as well

as for the antenna and/or inductor component during the printing thereof. The substrate may

be flexible, inflexible, or rigid. The substrate can be conductive (electrically active) or non-

conductive (electrically inactive), as described herein.

Exemplary Methods of Use

[0072] The present invention further relates to a method of wirelessly communicating

with the present wireless device. The method generally comprises (i) causing or inducing a

current in the wireless device sufficient for the device to absorb, radiate or backscatter

detectable electromagnetic radiation (preferably at a frequency that is an integer multiple or

an integer divisor of an applied electromagnetic field), (ii) detecting the detectable

electromagnetic radiation, and optionally, (iii) processing information conveyed by the

detectable electromagnetic radiation. Generally, currents and voltages are induced in the

present wireless device sufficient for the device to absorb, radiate or backscatter detectable

electromagnetic radiation when the device is in a detection zone comprising an oscillating

electromagnetic field. When the wireless device comprises an ID tag, the method may relate

to detecting an item or object in a detection zone. In such an embodiment, the information

conveyed by the detectable electromagnetic radiation may comprise identification

information, product or item information, etc.

[0073] This oscillating electromagnetic field is produced or generated by

conventional EAS and/or HF, VHF, UHF or RFID equipment and/or systems. Thus, the

present method of use may further comprise attaching or affixing the present device to an

object or article (e.g., an identification card, packaging for goods to be shipped, a vehicle

sticker or card for automatic toll payment or parking privileges, etc.) to be detected, or



otherwise including the present device in such an object, article or packaging therefor.

Readers for the present device may include cell phones, personal digital assistants, and other

wireless communication devices, including portable and/or handheld devices.

[0074] When the present device is an ID tag, it is generally designed to work with

electronic identification and/or security systems that sense disturbances in radio frequency

(RF) electromagnetic fields. Such electronic systems generally establish an electromagnetic

field in a controlled area, defined by portals through which articles must pass in leaving the

controlled premises (e.g., a retail store, library, etc.) or a space in which the article must be

placed to be read and identified. A tag having a resonant (integrated) circuit is attached to

each such article, and the presence of the tag circuit in the controlled area is sensed by a

receiving system that detects the tag and processes information obtained therefrom (e.g.,

determines unauthorized removal of an article or the identity of goods in a container labeled

with the tag). Many tags that operate on these principles are single-use or disposable tags,

and are therefore designed to be produced at low cost in very large volumes. Other tags or

devices (such as "smart" cards for identification or automatic payment applications) can be

re-used many times.

[0075] Alternatively, the present tag may comprise a sensor. In many sensor

applications, the RF signal modulation characteristics and/or properties of the sensor change

as the characteristics and/or properties of the object or article to which it is attached change.

For example, the present sensor may be attached to a stainless steel (or other metal) object,

structure or surface. As the properties of the object, structure or surface change (e.g., the

steel oxidizes, a metal having electromagnetic properties becomes magnetized or carries a

minimum threshold electrical current, or the object or surface [regardless of its composition]

changes temperature by a predetermined difference or a threshold amount), the characteristics

and/or properties of the RF signal radiated, reflected or modulated by the present sensor also

change in a detectable manner.

[0076] In addition, the present wireless tag may have circuitry configured to process

signals for one or more displays and/or optical indicators. As a result, the present tag may

further include a display (e.g., an LCD, LED or other display), an optical, tactile and/or

auditory indicator (such as a light, buzzer or speaker), and/or driver circuits for such display

circuits and/or indicators.



[0077] The present tags may be used (and, if desired and/or applicable, re-used) in

any commercial EAS and/or RFID application and in essentially any frequency range for

such applications. For example, the present tags may be used at the frequencies, and in the

fields and/or ranges, described in Table 1 below:

Table 1. Exemplary applications.

CONCLUSION / SUMMARY

[0078] Thus, the present invention provides wireless devices (e.g., sensors and EAS,

RF, HF, VHF and UHF ID tags) having an integrated circuit and a directly printed antenna

and/or inductor, and methods for their manufacture and use. The device generally comprises

(a) an integrated circuit on a substrate; and (b) an antenna, directly on the substrate and/or the

integrated circuit, in electrical communication with the integrated circuit. The method of

manufacturing a device generally comprises (1) forming an integrated circuit on a substrate;

and (2) printing an antenna or antenna precursor layer on the integrated circuit and/or the

substrate, the antenna being in electrical communication with the integrated circuit.

[0079] The present invention advantageously provides a low cost RF and/or RFID tag

capable of standard applications and operations using conventional RF, RFID and/or EAS

equipment and systems. By reducing the number of expensive and/or low throughput



attachment steps, as well as reducing the cost of fabricating the active electronics, a low cost

tag may be produced by directly printing at least part of an antenna or antenna precursor layer

on an integrated circuit and/or a substrate.

[0080] The foregoing descriptions of specific embodiments of the present invention

have been presented for purposes of illustration and description. They are not intended to be

exhaustive or to limit the invention to the precise forms disclosed, and obviously many

modifications and variations are possible in light of the above teaching. The embodiments

were chosen and described in order to best explain the principles of the invention and its

practical application, to thereby enable others skilled in the art to best utilize the invention

and various embodiments with various modifications as are suited to the particular use

contemplated. It is intended that the scope of the invention be defined by the Claims

appended hereto and their equivalents.



CLAIMS

What is claimed is:

1. A method of manufacturing a device, comprising:

a) forming an integrated circuit on a first substrate; and

b) printing at least part of an antenna or antenna precursor layer on the integrated

circuit and/or the first substrate, the antenna being in electrical communication with

the integrated circuit.

2 . The method of claim 1, wherein the integrated circuit comprises a printed integrated

circuit (PIC).

3 . The method of claim 2, wherein forming the PIC on the first substrate comprises

printing at least one first layer of a first material in a first pattern on the first substrate.

4 . The method of claim 3, wherein forming the PIC on the substrate (further) comprises

printing a second layer of a second material in a second pattern on or above the first

pattern.

5 . The method of claim 3, wherein the second material comprises a dielectric precursor.

6 . The method of claim 4, wherein forming the PIC on the substrate (further) comprises

printing a third layer of a third material in a third pattern on or above the first and/or

second pattern(s).

7 . The method of claim 6, wherein the third material comprises a metal precursor.

8. The method of claim 2, wherein forming the PIC on the first substrate comprises

forming the printed integrated circuit on a second substrate, then attaching the second

substrate to the first substrate, the first substrate having a greater area than the second

substrate.

9 . The method of claim 2, wherein printing the antenna or antenna precursor layer on the

PIC and/or the substrate comprises printing a first portion of the antenna on the PIC

and a second portion of the antenna on the first substrate.

10. The method of claim 2, wherein printing the antenna or antenna precursor layer

comprises:

a) printing an antenna precursor layer on the PIC and the first substrate; and

b) plating a metal conductor on the antenna precursor layer to form the antenna.



11. The method of claim 2, wherein printing the antenna or antenna precursor layer

comprises printing the antenna or the antenna precursor layer on the PIC.

12. The method of claim 2, wherein the PIC comprises an uppermost passivation layer

having first and second openings therein, exposing first and second conductive

surfaces for electrically communicating with the PIC, and first and second ends of the

antenna or the antenna precursor layer are printed onto the first and second

conductive surfaces.

13. The method of claim 3, wherein printing the integrated circuit comprises screen

printing, flexographic printing, gravure printing or inkjet printing.

14. A device, comprising:

a) an integrated circuit on a first substrate; and

b) an antenna, directly on the first substrate and/or the integrated circuit, in

electrical communication with the integrated circuit.

15. The device of claim 14, wherein the integrated circuit comprises a printed integrated

circuit (PIC).

16. The device of claim 15, further comprising a plurality of pads on the PIC, in electrical

communication with the PIC, each pad also being in electrical communication with an

end of the antenna.

17. The device of claim 15, wherein the PIC comprises a silicon layer in a first pattern on

the first substrate, the silicon layer having a dome-shaped profile.

18. The device of claim 17, wherein the PIC further comprises a dielectric layer in a

second pattern on or above the silicon layer.

19. The device of claim 15, wherein the PIC further comprises a metal in a third pattern

on or above the first substrate, the first pattern and/or the second pattern.

20. The device of claim 14, further comprising a second substrate supporting the printed

integrated circuit and having a smaller area than the first substrate, the second

substrate being attached to the first substrate.

21. The device of claim 14, wherein the antenna comprises:

a) a seed layer in an antenna pattern on the PIC and the first substrate; and

b) a metal conductor on the seed layer.



2 . The device of claim 15, wherein the PIC comprises an uppermost passivation layer

having first and second openings therein, exposing first and second conductive

surfaces in electrical communication with the PIC, and first and second ends of the

antenna or the antenna precursor layer are in contact the first and second conductive

surfaces.



AMENDED CLAIMS
received by the International Bureau on 25 March 2010 (25.03.2010)

What is claimed is:

1. A method of manufacturing a device, comprising:

a) forming a printed integrated circuit on a first substrate; and

b) printing at least part of an antenna or antenna precursor layer directly on the

printed integrated circuit and/or the first substrate, the printed antenna being in

electrical communication with the printed integrated circuit.

2 . The method of claim 1, wherein forming the PIC on the first substrate comprises

printing at least one first layer of a first material in a first pattern on the first substrate.

3 . The method of claim 2, wherein forming the PIC on the substrate (further) comprises

printing a second layer of a second material in a second pattern on or above the first

pattern.

4 . The method of claim 2, wherein the second material comprises a dielectric precursor.

5 . The method of claim 3, wherein forming the PIC on the substrate (further) comprises

printing a third layer of a third material in a third pattern on or above the first and/or

second pattern(s).

6 . The method of claim 5, wherein the third material comprises a metal precursor.

7 . The method of claim 1, wherein forming the PIC on the first substrate comprises

forming the printed integrated circuit on a second substrate, then attaching the second

substrate to the first substrate, the first substrate having a greater area than the second

substrate.

8. The method of claim 1, wherein printing the antenna or antenna precursor layer on the

PIC and/or the substrate comprises printing a first portion of the antenna on the PIC

and a second portion of the antenna on the first substrate.

9 . The method of claim 1, wherein printing the antenna or antenna precursor layer

comprises:

a) printing an antenna precursor layer on the PIC and the first substrate; and

b) plating a metal conductor on the antenna precursor layer to form the antenna.

10. The method of claim 1, wherein printing the antenna or antenna precursor layer

comprises printing the antenna or the antenna precursor layer on the PIC.
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11. The method of claim 1, wherein the PIC comprises an uppermost passivation layer

having first and second openings therein, exposing first and second conductive

surfaces for electrically communicating with the PIC, and first and second ends of the

antenna or the antenna precursor layer are printed onto the first and second conductive

surfaces.

12. The method of claim 2, wherein printing the integrated circuit comprises screen

printing, flexographic printing, gravure printing or inkjet printing.

13. A device, comprising:

a) a printed integrated circuit on a first substrate; and

b) an antenna, directly printed on the first substrate and/or the printed integrated

circuit, in electrical communication with the printed integrated circuit.

14. The device of claim 13, further comprising a plurality of pads on the PIC, in electrical

communication with the PIC, each pad also being in electrical communication with an

end of the antenna.

15. The device of claim 13, wherein the PIC comprises a silicon layer in a first pattern on

the first substrate, the silicon layer having a dome-shaped profile.

16. The device of claim 15, wherein the PIC further comprises a dielectric layer in a

second pattern on or above the silicon layer.

17. The device of claim 13, wherein the PIC further comprises a metal in a third pattern

on or above the first substrate, the first pattern and/or the second pattern.

18. The device of claim 13, further comprising a second substrate supporting the printed

integrated circuit and having a smaller area than the first substrate, the second

substrate being attached to the first substrate.

19. The device of claim 13, wherein the antenna comprises:

a) a seed layer in an antenna pattern on the PIC and the first substrate; and

b) a metal conductor on the seed layer.

20. The device of claim 13, wherein the PIC comprises an uppermost passivation layer

having first and second openings therein, exposing first and second conductive

surfaces in electrical communication with the PIC, and first and second ends of the

antenna or the antenna precursor layer are in contact the first and second conductive

surfaces.
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STATEMENT UNDER ARTICLE 19 (1)

Applicant wishes to file amendments in the above application, pursuant to Article 19 (1).

Claim 1 has been amended to replace "an" with "a printed" in line 2, and to insert "a printed"
before "antenna" in lines 4-5 and "directly" before "on the integrated circuit" in line 3. Claim 13
(previously Claim 14) has been amended to replace "an" with "a printed" in line 2, and to insert
"printed" before "on the first substrate" in line 3 and before "integrated circuit" in lines 3-4.
Claims 2 and 15 have been canceled. All remaining claims have been amended for dependency
purposes. The amendments are supported at paragraphs [0016], [0021] - [0024], [0027] -
[0030], [0035], [0037] - [0042], [0044] - [0049], [0054] - [0055], [0057] - [0061], [0066] -
[0069], [0071], and [0078] - [0079] of the specification, and do not add new matter.















International application No

PCT/US2Q09/065818

A CLASSIFICATION OF SUBJECT MATTER
IPC(8) - H05K 1/00 (201 0.01 )

USPC - 340/572.7
According to International Patent Classification (IPC) or to both national classification and IPC

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - H05K 1/00 (2010 01)
USPC - 340/527 7

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Patθase

C DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

US 2008/0184550 A 1 (HWAN et al) 07 August 2008 (07 08 2008) entire document 1-22

US 2001/0002826 A 1 (TUTTLE et al) 07 June 2001 (07 06 2001) entire document 1-22

US 2002/0192856 A 1 (HALOPE et al) 19 December 2002 (19 12 2002) entire document 1-22

D Further documents are listed in the continuation of Box C

* Special categories of cited documents "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance, the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance, the claimed invention cannot be

considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than "&" document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

13 January 2010 2 6 JA N2010
Name and mailing address of the ISAAJS Authorized officer

Mail Stop PCT, Attn ISA/US, Commissioner for Patents Blame R Copenheaver
P O Box 1450, Alexandna, Virginia 22313-1450

PCT Hβlpdesk 571-272-4300
Facsimile No 571-273-3201 PCT OSP 571-272-7774


	front-page
	description
	claims
	wo-amended-claims
	amend-statement
	drawings
	wo-search-report

