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Description

[0001] This invention includes shielded decoupled
RFID tags including a decoupler and a tag wherein the
decoupler includes a three dimensional cavity formed by
conductive material walls, a tag located in the cavity and
at least one slot in the conductive material wall that cre-
ates a passage for RF communication signals to pass
into and/or out of the three dimensional cavity.
[0002] Today, there are decoupled RFID tags in the
market built based on cavity resonators which perform
well if placed on a surface that could degrade tag per-
formance such as a metallic surface. In those designs,
the cavity resonators to a good extent decouple tags
("tags" are generally a combination of an antenna and
integrated circuit (IC) such as loop-IC or dipole-IC tag or
tags can be a cavity resonator decoupled IC if the tag is
made of a cavity resonator and IC) from the background
surface. Therefore, these types of tags in contrast to tra-
ditional dipole tags do not fully lose their performance
when they are placed on metallic objects.
[0003] The cavity resonators in these designs are open
in two or more surfaces (mainly, the side surfaces are
open in existing samples) and are considered open type
cavity resonators. Therefore, the radiated fields from tag
(or into tag) pass through all these openings. The fields
directly interact with surrounding materials, therefore, the
read ranges and the frequency bands of operation
change. Hence, the tags based on open cavity resona-
tors are insensitive to environment from the point of view
that they do not lose fully their performance by the chang-
es of environment characteristics and they perform ac-
ceptably and reliably in different conditions. However,
the current RFID tags built on cavity resonators still ex-
perience undesirable changes in operating frequencies
and loss in read ranges. This sensitivity (change in fre-
quency and read range) causes problems when the sen-
sitivity of reader device is low (the minimum power level
which is detectable by reader is high) or quite consistent
tag is required in different environment. Therefore, there
is a need for RFID tags based on cavity resonators that
do not suffer from this frequency and/or read range sen-
sitivities.
[0004] One aspect of this invention is a shielded de-
coupled RFID tag comprising a three dimensional cavity
surrounded by conductive material walls; a single slot in
the conductive material wall that creates a passage for
RF communication signals to pass into and/or out of the
three dimensional cavity; and an RFID tag located in the
cavity wherein the RFID tag includes a chip and antenna.
[0005] Another aspect of this invention is at least one
shielded metallic cavity with at least one slot opening
where the opening geometry is designed to allow for the
smooth passage of RF communication signals in the tag
frequency range of operation while limiting the interaction
of signal waves with the surrounding environment (or de-
couples the RF component from the surrounding envi-
ronment) to lower the sensitivity to environment charac-

teristic.

Figure 1 is an embodiment of a shielded decoupled
RFID tag of this invention that has a tubular cavity;
Figure 2 is an embodiment of a shielded decoupled
RFID tag of this invention that has a cavity formed
by square shaped conductive walls;
Figure 3 is diagram of components of a shielded de-
coupled RFID tag embodiment of this invention;
Figure 4 is a diagram of the components of an alter-
native embodiment of a shielded decoupled RFID
tag where the RFID tag is fabricated using a printed
circuit board method;
Figure 5a-5c are features of a shielded decoupler
RFID tag embodiment of this invention where Figure
5a is a view including the internal features of the
RFID tag; Figure 5b is a view of the RFID tag decou-
pler; and Figure 5c is a view of the tag (IC/antenna
structure) which is located in cavity (18) of the shield-
ed decoupled RFID tag; and
Figure 6 is a read range response plot for normal
incidence versus frequency for the shielded decou-
pled RFID tag of Figure 5 wherein the RFID tag is
placed in three different operating environments: (i)
RFID tag in free space, (ii) RFID tag mounted on a
small metallic surface, and (iii) RFID tag mounted on
a large metallic surface.

[0006] The present invention relates to shielded de-
coupled RFID tags that include decouplers having a cav-
ity structure formed by conductive walls that holds a tag
where the cavity structure further includes an opening or
a slot that allows RF communication signals between the
tag and reader to pass through the slot.
[0007] The term "tag" is used herein to refer to an EM
tag. EM tags are devices that typically include a chip and
antenna structure that manipulates electromagnetic ra-
diation or communication signals such as RFID devices.
The tags used in this invention may be passive tags, ac-
tive tags or a battery assisted passive tags.
[0008] The term "decoupler" as used herein refers to
the slotted cavity structure without a tag.
[0009] The term "RFID tag" is used herein to refer to
the combination of a decoupler and tag.
[0010] As noted above, the shielded decoupled RFID
tags of invention are built to enclose a variety of tags
including the combination of an IC and metallic pattern
antenna, such as loop or dipole antenna which transfers
signal from/to the IC through radiating. The "tag" is ac-
cessible to the surrounding environment outside of the
decoupler cavity only through a slot or slots in the decou-
pler which are located preferably only on one planar sur-
face (wall) of the cavity.
[0011] The structure of cavity with slot(s) is referred to
herein as the decoupler. The electromagnetic fields emit-
ted by an RFID tag reader have access to the tag and
vice versa only through the slot opening. The slot opening
is preferably positioned on a cavity surface that is not
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positioned directly on or in close contact with the surface
of the object being RFID tagged. Preferably, the slot is
located in a decoupler cavity surface that is opposite to
the decoupler mounting surface. The slot shape is arbi-
trary. However, for ease of manufacture, the slot will typ-
ically have a define geometric shape such as, for exam-
ple, a circle, an annulus, a square, a rectangle a triangle,
a cross, x-shaped, t-shaped, n-shaped and so forth.
Combinations of geometric shapes are also possible.
[0012] All other decoupler surfaces are preferably solid
walls that isolate the cavity from direct interaction with
external electromagnetic fields directed at the walls. The
term "solid" as used herein refers to conductive walls that
are physically solid - the conductive material in the wall
is continuous without interruption except for the slot(s).
The term "solid" also refers to walls that are essentially
impervious to electromagnetic signals at the RFID tap
operating frequency.
[0013] It is noted that a tag, once positioned in the cav-
ity, is highly isolated but not completely isolated as the
radiated external electromagnetic fields induce currents
(indirect interactions) on the surfaces of walls of the
shielded cavity and these currents can interact with the
surrounding environment and especially with the constit-
uent materials of the object being tagged. However,
these indirect interactions with electromagnetic fields are
fewer than the direct interactions with EM fields. There-
fore, the sensitivity of tags located in the cavity to sur-
rounding environment such as the materials of the ob-
jects being tagged is reduced significantly, i.e., the tag
is significantly decoupled from the surface of the object
to which the shielded cavity backed slot decoupler is at-
tached. For example, a tag positioned in proximity to or
far from a metallic surface will exhibit similar little variation
in frequency and read range. These changes are minor
when compared to the change in current commercially
available tag designs.
[0014] The shielded decoupled RFID tags of this in-
vention can be tailored to be used in various resonance
scenarios. For example, the decoupler and tags can be
designed such that the tag is in resonance within the
operating frequency band while the slot is not in reso-
nance. Alternatively, the decoupler and tag can be de-
signed so the slot is only in resonance within the operat-
ing frequency band of the tag. In still another alternative,
the decoupler and tag are designed such that the slot
and tag are both in resonance within the operating fre-
quency band. In yet another alternative, the decoupler
and tag are designed such that the slot, tag, and shielded
cavity are all in resonance within the operating frequency
band. Finally the decoupler and tag combinations of this
invention can include a second metallic structure (such
as additional loop or dipole) included inside the shielded
cavity that are in resonance as well as tag, slot, and
shielded cavity within the operating frequency band.
[0015] The shielded cavity backed slot decouplers of
this invention can include walls made of any conductive
material. An optional material or materials can be used

to fill the decoupler cavity. The filling material(s) - if used
- can be air or any dielectric materials, magnetic materi-
als, or magneto-dielectric material (also known as artifi-
cial magnetic material build based on the combination of
dielectric host and metallic inclusions), and any combi-
nation thereof.
[0016] The filling materials can be placed in the cavity
in bulk or in layers referred to herein as spacers. More-
over, the spacers can be located inside the three dimen-
sional cavity and/or on top of slotted surface covering the
slot. Such spacer placement may happen for different
purposes including miniaturizing the size of structure, in-
creasing the radiation gain, changing or controlling the
directivity angle and beam forming. The spacers can be
made of any useful material including any dielectric ma-
terial, magnetic material, or magneto-dielectric material.
When the spacer is located inside the cavity, the dielectric
material may be air.
[0017] In addition, the walls of the cavity structure can
include a dielectric material backing and/or the walls can
be, in addition to including a conductive material, be load-
ed with any dielectric materials, magnetic materials, mag-
neto-dielectric material artificial magnetic materials and
combinations thereof.
[0018] The shielded decoupled RFID tags of this in-
vention include a tag located inside the decoupler cavity.
To allow for a strong transfer of RF/microwave commu-
nication waves between a reader and the shielded de-
coupled RFID tags at the tag operating frequency, to al-
low for a strong pattern, the electromagnetic field patterns
associated to the mode of operation of antenna should
be coupled to the electromagnetic field patterns associ-
ated to the mode of operation of the slot. For instance,
in the shielded decoupled RFID tags, the first resonating
mode of the tag antenna may couple to the first resonat-
ing mode of the slot. In another design, the second res-
onating mode of antenna may couple to the first resonat-
ing mode of the slot while the first resonating mode of
antenna is decoupled to the first resonating mode of slot.
If the field patterns are orthogonal, then the slot and the
antenna are completely decoupled and the RF micro-
wave waves do not pass through the slot to the antenna.
If the field patterns are parallel, then the slot and the
antenna can be coupled. In this case, if the location of
antenna in the cavity is tuned then it is possible to adjust
the strength of coupling between slot and antenna so that
it is strongly coupled and preferably coupled sufficiently
to power the IC chip.
[0019] The Figures show some possible embodiments
of shielded cavity backed slot RF decoupler and RFID
tags of this invention. A shielded cavity backed slotted
RF decoupler is shown in Figure 1. The decoupler (10)
is tubular and includes cavity (18) formed by walls includ-
ing a top wall (13), side walls (14) and a bottom wall (16)
each contiguous with one another and each made of a
conductive material. At the top wall (13) is an annular slot
(12) that facilitates the passage of RF microwave com-
munication signals into and out of cavity (18). Decoupler
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(10) includes a mounting surface that is bottom wall (16)
that is opposite to slot (12).
[0020] Figure 2 is another embodiment of a shielded
decoupled RFID tag that includes a decoupler (10) hav-
ing shielded walls forming a cavity (18). The decoupler
includes a plurality of conductive rectangular walls - top
wall (13), side walls (14) and bottom wall (16) forming a
cavity (18). The decoupler includes a rectangular slot (12)
opened on the top wall (13) that allows for the passage
of RF microwave communication signals into and out of
cavity (18). A tag including a dipole antenna (24) and its
associated IC (22) is located at an interface (30) between
a first dielectric spacer (26) and a second dielectric spac-
er (28) all of which are located in cavity (18).
[0021] Figure 3 shows a method for constructing a
shielded decoupled RFID tag of this invention. The meth-
od uses a decoupler (10) having a cavity (18) formed by
the combination of conductive rectangular walls including
a top wall (13) side walls (14) and a bottom wall (16) that
also functions as a device mounting surface. A tag in-
cluding a loop antenna (25) and an IC chip (22) is sand-
wiched between first and second dielectric material spac-
ers (26, 28). The dielectric sandwich is then placed in
cavity (18). The shielded decoupled RFID tag is then
completed by placing the metallic top wall (13) over the
open top and attaching the top wall (13) to side walls (14)
with screws (21) directed through holes (23) in top wall
(13) and in side walls (14). Top wall (13) can be attached
to side walls (14) by any other attaching mechanism
known in the art such as by using an adhesive. Top wall
(13) includes a rectangular slot (12) that facilitates the
passage of RF microwave communication signals into
and out of cavity (18). First and second dielectric spacers
(26, 28) can optionally be attached to one another at in-
terface (30) with an adhesive material and the tag can
similarly be adhered to one or both of the spacers.
[0022] Figure 4 is yet another embodiment of a shield-
ed decoupled RFID tag of this invention that is prepared
via planar fabrication methods using two sheets of circuit
board laminates where each sheet includes multiple ma-
terial layers. The first PCB board (32) includes a dielectric
material core (31) having a uniform metallic layer (33)
and a top metallic layer that has been partially removed
by etching to form a thin conductive perimeter strip (34).
The side walls (37) of PCB board (32) include a plurality
of closely spaced metal (preferably copper) vias (35)
which is also referred herein to as a fence of vias. The
plurality of metal vias (35) in combination with the dielec-
tric core material form side walls (37). Each metallic via
(35) is attached at one end to uniform metallic layer (33)
and at a second end to conductive perimeter strip (34).
In side wall (37), the distance between adjacent metallic
strips (35) is set such that together, the metal vias (35)
essentially prevent RF signals at the operating frequency
of the tag to pass through side walls (37) and into cavity
(18). In this embodiment, the metal vias (35) of side walls
(37) act much like walls that are made from a continuous
conductive material with respect to the transfer of field

to and from cavity (18). It is preferred that the space be-
tween metal vias (35) is less than 1/15th of operating
wavelength.
[0023] Second PCB board (39) is similar in construc-
tion to the first PCB board (32) with the thin conductive
perimeter strips (34) of each abutting each other to form
a small cavity (18). A tag including a ring loop (36) is
etched on partially removed metallic top layer of first print-
ed circuit board (32) and IC chip (22) is then attached to
it. Similarly, a ring-shaped slot (45) is etched open on the
uniform metallic layer (33) of second PCB board (39).
Finally, the first and second PCB boards (32, 39) are
united using a prepreg layer or by using other adhesive
materials (not shown) to bond the PCB boards together
to form a single multilayer shielded decoupled RFID tag.
As noted above, for the frequency band of operation, the
passage of RF communication signals will only be
through ring slot (45).
[0024] Figures 5a-5c shows various features of yet an-
other embodiment of a shielded decoupled RFID tag of
this invention. It should be noted that the RFID tag show
in Figures 5a-5c will typically be clad entirely in aluminum
or copper foil except for slot structure (52) shown in Fig-
ure 5b. Figure 5a is a view of the decoupler cavity (18)
in which the internal features are identified in hatched
lines. Figure 5b is a view of the RFID tag decoupler having
conductive walls including top wall (13) side walls (14)
and bottom wall (16) as well as cavity (18) and slot (12).
It is not necessary for slot (12) to have the same geometry
or shape as loop antenna (50).
[0025] Figure 5c is a view of a cross-section of cavity
(18) that includes a loop antenna structure (50) and IC
chip (22) that is associated with a first dielectric spacer
(26). Figure 6 is a plot of the read range response (RR)
for normal incidence versus frequency for the shielded
decoupled RFID tag shown in Figure 5 when the RFID
tag is exposed to three different environments: (i) RFID
tag in free space or "off metal", (ii) RFID tag mounted on
a metallic surface, and (iii) RFID tag mounted on a large
metallic surface. The plotted results demonstrate that the
sensitivity of the shielded decoupled RFID tag of this in-
vention to the surrounding environment is very low. The
on-metal/off-metal responses show negligible changes
in the resonant frequencies of the structure (about 2
MHz). Also, the change in read range is small (maximum
of 18%). As the frequency response of the tag in Figure
6 shows the decoupled RFID tags of this invention may
be global. The antenna and slot of the shielded decoupled
RFID tag of Figure 5 are in resonance in the operating
frequency band of the RFID tag. In other embodiments,
the cavity can be designed to be resonant at the operating
frequency of the tag.
[0026] We have further discovered that the field radi-
ation pattern of shielded cavity backed slot RF decou-
plers of this invention have a strong main-lobe beaming
toward the upper hemisphere (the hemisphere has
boundary with the slotted surface of cavity). The back
side lobe toward lower hemisphere and side lobes caus-
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ing interaction mainly with the mounting surface are com-
paratively very small. The shielded cavity backed slot RF
decouplers of this invention may be designed to create
omni-directional radiation pattern in upper hemisphere
which can send and receive RF signals essentially equal-
ly in all directions/angles or it may be designed to be
more directional in upper hemisphere with methods of
beamforming or by using artificial magnetic materials
which can send and receive for the designed angles. For
example, if a decoupled RFID tag is designed based on
the shielded cavity backed slot RF decoupler with omni-
directional radiation pattern in upper-hemisphere then it
provides quite similar read range in all angles of inci-
dence, i.e., design is insensitive to the angle of incidence.
[0027] The dielectric materials used in some embodi-
ments of this invention may be selected from any dielec-
tric materials known now or discovered in the future to
be useful in manufacturing RFID tags. Non-limiting ex-
amples of useful dielectric materials include natural or
manmade fibres, plastics, cellulose, glass or ceramics.
[0028] The conductive materials used in the embodi-
ments may be any material that is known to be conductive
such as copper, aluminum foil and conductive inks.
[0029] The shielded decouplers of this invention are
useful in conjunction with EM tags which manipulate elec-
tromagnetic communication signals into or from identifi-
cation devices such as RF tags, also known as RFID
tags. Such tags use a structure to decouple (i.e. isolate)
the tag from surfaces that degrade its read performance,
such as metallic surfaces, surfaces of liquid containers
and wet surfaces.
[0030] The shielded decoupled RFID tags of this in-
vention are intended to be permanently or reversibly at-
tached to an object. The attachment may be made by
any methods known in the art. A particularly useful meth-
od is to apply an adhesive to the decoupler mounting
surface and cover it with a protective paper sheet. The
paper sheet can then be removed to expose the adhesive
layer and then adhesively attach the RFID tag to the ob-
ject surface. Alternatively, the shielded decoupled RFID
tags of this invention can include mounting holes, they
can be constructed into the surface of the object to which
there are being attached and so forth.
[0031] The shielded decoupled RFID tags of this in-
vention may include a non-conductive housing covering
the device. The non-conductive housing can even cover
the slot without interfering with the device operation. The
housing can be made of any materials that are used to
protect and/or house RFID tags. The housing may be a
plastic or paper material that can be printed on or it can
be a pre-printed material. An adhesive will typically be
used to attach the housing to the devices of this invention.
[0032] As noted above, an antenna is typically a com-
ponent of the tag associated with the decouplers of this
invention. Antennas, if used, may be any antenna known
in the art to be useful with decoupled EM tags. The tags
used in the present invention may only require a small
antenna. As the decoupler couples radiation into the me-

tallic cavity and produces a high electric field, a tag lo-
cated in the cavity will be operating in an area of high
field and may not require a large tuned antenna. Thus
the decoupler of the present invention can be used with
a so called low Q tag. The low Q tag, which, including an
antenna may be only slightly larger than the chip itself,
may be placed in any decoupler cavity of this invention.
[0033] The invention has been described in an illustra-
tive manner. It is to be understood is that the terminology,
which has been used, is intended to be in the nature of
words of description rather than limitation. Many modifi-
cations and variations of the invention are possible in
light of the above teachings. Therefore, within the scope
of the appended claims, the invention may be practiced
other than as specifically described.

Claims

1. A shielded decoupled RFID tag comprising:

a decoupler including a three dimensional cavity
having conductive material walls;
a tag located in the three dimensional cavity; and
at least one slot in the conductive material wall
that creates a passage for RF communication
signals to pass into and/or out of the three di-
mensional cavity.

2. The shielded decoupled RIFD tag of claim 1 wherein
the at least one slot is a single slot.

3. The shielded decoupled RFID tag of any preceding
claim wherein the tag includes an IC chip and anten-
na.

4. The shielded decoupled RFID tag of any of claims
1-2 wherein the tag is the combination of an IC chip
and resonator.

5. The shielded decoupled RFID tag of any preceding
claim wherein the tag is positioned with respect to
the slot such that a coupled field from the slot to the
antenna powers the IC.

6. The shielded decoupled RFID tag of any preceding
claim wherein the tag is positioned within the cavity
at location where the field from the slot to the antenna
is strongly coupled.

7. The shielded decoupled RFID tag of any preceding
claim wherein one or more spacers are located be-
tween the tag and the slot.

8. The shielded decoupled RFID tag of claim 7 wherein
the one or more spacers are made from air, dielectric
materials, magnetic materials, artificial magnetic
materials, magneto-dielectric materials and combi-
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nations thereof.

9. The shielded decoupled RFID tag of any preceding
claim wherein one or more spacers are placed over
the slot.

10. The shielded decoupled RFID tag of claim 9 wherein
the one or more spacers are made from dielectric
materials, magnetic materials, artificial magnetic
materials, magneto-dielectric materials or combina-
tions thereof.

11. The shielded decoupled RFID tag of any preceding
claim wherein a housing made of a non-conductive
material covers an outside surface of the conductive
material walls.

12. The shielded decoupled RFID tag of claim 11 where-
in the non-conductive material housing covers the
slot.

13. The shielded decoupled RFID tag of any preceding
claim wherein the non-conductive material housing
includes a wall portion that is covered with a mount-
ing adhesive.

14. The shielded decoupled RFID tag of any preceding
claim wherein the slot is resonant at the operating
frequency such as a half-wavelength resonator.

15. The shielded decoupled RFID tag of any preceding
claim wherein the cavity is resonant at the operating
frequency such as a half-wavelength resonator.

16. The shielded decoupled RFID tag of any preceding
claim wherein the tag is resonant at the operating
frequency such as a half-wavelength resonator.

17. The shielded decoupled RFID tag of any preceding
claim wherein the slot geometry is arbitrary.

18. The shielded decoupled RFID tag of any preceding
claim wherein the slot geometry is selected from a
circle, an annulus, a square, a rectangle a triangle
and a cross.

19. The shielded RFID tag decoupler of any preceding
claim wherein a material substantially fills the three
dimensional cavity.

20. The shielded decoupled RFID tag of any preceding
claim wherein the conductive material walls essen-
tially prevent RF signals at the operation frequency
from entering the cavity.

21. The shielded decoupled RFID tag of any preceding
claim wherein the electromagnetic field patterns as-
sociated with the slot and antenna are coupled.

22. The shielded decoupled RFID tag of any preceding
claim wherein the tag, the slot and the cavity are all
resonant at the operating frequency.

23. The shielded decoupled RFID tag of any preceding
claim wherein the decoupler includes an outside wall
portion that includes a mounting adhesive.

24. The shielded decoupled RFID tag of any preceding
claim wherein the tag is selected from a passive tag,
an active tag or a battery assisted passive tag.
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