2017/136:898 A1 |1 I 0100 10 OO0 00 O O

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

17 August 2017 (17.08.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/136898 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
AOIK 11/00 (2006.01) A61B 90/98 (2016.01)
AOIK 35/00 (2006.01) GO6K 19/04 (2006.01)

International Application Number:
PCT/AU2017/050117

International Filing Date:
11 February 2017 (11.02.2017)

Filing Language: English
Publication Language: English
Priority Data:

62/294,084 11 February 2016 (11.02.2016) US
62/308,330 15 March 2016 (15.03.2016) US

Applicant: SOMARK GROUP LIMITED [AU/AUJ;
Level 5, 55 Pitt Street, Sydney, New South Wales 2000
(AU).

Inventors: KNIGHT, Adrian; Level 5, 55 Pit Street,
Sydney, New South Wales 2000 (AU). DONOHOE, Paul;
Level 5, 55 Pitt Street, Sydney, New South Wales 2000
(AU).

Agent: BLOWS, Justin; PO Box 592, Lane Cove, New
South Wales 1595 (AU).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: A RADIO DEVICE FOR IMPLANTATION IN AN ANIMAL, A METHOD FOR MAKING A RADIO DEVICE FOR IMPLANTATION IN AN ANIMAL,
A METHOD FOR PROVIDING ELECTRICAL POWER TO A RADIO DEVICE ATTACHED TO AN ANIMAL, A METHOD FOR IMPLANTING A RADIO DEVICE
INTO AN ANIMAL, AN ANIMAL HAVING IMPLANTED THEREIN A RADIO DEVICE, AND A RADIO DEVICE IMPLANTED IN AN ANIMAL

Figure 1

(57) Abstract: Disclosed herein is a radio device (10) for implantation in an animal (12). The radio device (10) comprises a capsule
(14) encapsulating at least one of a radio receiver (16) and a radio transmitter (18). Also disclosed herein is a method for making a
radio device (10) for implantation in an animal (12), a method for providing electrical power to a radio device (10) attached to an an-
imal (12), a method for implanting a radio device (10) into an animal (12), an animal (12) having implanted therein a radio device
(10), and a radio device (10) implanted in an animal (12).



10

15

20

25

30

WO 2017/136898 1 PCT/AU2017/050117

A RADIO DEVICE FOR IMPLANTATION IN AN ANIMAL, A METHOD FOR
MAKING A RADIO DEVICE FOR IMPLANTATION IN AN ANIMAL, A METHOD
FOR PROVIDING ELECTRICAL POWER TO A RADIO DEVICE ATTACHED TO AN
ANIMAL, A METHOD FOR IMPLANTING A RADIO DEVICE INTO AN ANIMAL,
AN ANIMAL HAVING IMPLANTED THEREIN A RADIO DEVICE, AND A RADIO
DEVICE IMPLANTED IN AN ANIMAL

Technical field

The disclosure herein generally relates to a radio device for implantation in an animal, a method
for making a radio device for implantation in an animal, a method for providing electrical power
to a radio device attached to an animal, a method for implanting a radio device into an animal, an

animal having implanted therein a radio device, and a radio device implanted in an animal.
Background

Animal husbandry and animal experimentation, meat processing and animal health monitoring,
for example, may require identification of an animal, or identification of each of a plurality of

animals.

A passive radio-frequency identification (RFID) tag may be used to identify an animal. RFID
tags are designed to be small to reduce discomfort to the animal. Passive RFID tags are powered
by an externally generated electromagnetic wave in the form of an interrogation radio wave.
RFID tags have a radio receiver for receiving the interrogation radio wave and a radio
transmitter for transmitting a radio wave comprising identification information in response to the

received interrogation radio wave.

The maximum distance that a RFID tag may be read is dependent on the power of the
interrogation radio wave and the size of the RFID tag’s antenna. The power of the interrogation
radio wave may be limited by, for example, regulation or practicalities. While limited
interrogation radio wave power may be somewhat compensated by increasing antenna size, the
RFID tags used in animal identification, may generally not have sufficiently large antenna

because of practical or welfare constraints.

The smallest commercially available RFID tags for animals, to the applicant’s knowledge, have

a length of 6 mm and a diameter of 1 mm. The size of a RFID tag limits where it can be
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implanted within an animal. An RFID tag of these dimensions may be disposed between the
scapulae (“interscapularly”) of a rodent, for example, however may be to large to be disposed

elsewhere.

RFID tags may migrate to other locations within the animal even when coated with material for
bonding with surrounding tissue, which has been known to compromise the welfare of the
animal or cause death. The animal may subsequently require handling to read the migrated RFID

tag, which may stress the animal.

In view of their size, RFID tags may cause pain when implanted in an animal. Pain may be
relieved with anaesthetic. Anaesthetics, however, may kill animals, cause animal stress, and

increase the cost and time associated with an implantation procedure.

The RFID implantation procedure may require manual work by a highly trained and skilled
professional. Human error, imprecision and/or misjudgement may result in an inoperable or
compromised RFID tag, and stress, damage, or death of the animal. The current implantation

devices are generally one time use only, resulting in a significant quantity of sharp waste.

The interrogation radio wave may be degraded and/or attenuated by the vasculature, bones and
muscles, for example. Low (e.g. 125-134 KHz) or medium (e.g. 13.2 — 13.6 MHz) radio
frequencies may be used as these may be attenuated and/or degraded less than other frequencies,

however even these frequencies may be attenuated and/or degraded.

Current RFID tags for animals may generally operate at low radio frequencies because water, of
which animals are significantly composed, attenuates higher radio frequencies that include but

are not limited to radio frequencies in the ultra-high frequency (UHF) band (300 MHz — 3 GHz).

Low radio frequency tags may be more expensive to manufacture than is generally desirable.
Low radio frequency RFID tags may have a coil for an antenna, which for 125 KHz radio
frequencies may have over a hundred turns to produce an operational threshold current. A ferrite
core may be used to increase the inductance of the coil, however a coil winding machine must
then be used which increases cost. The coil antenna may also increase the size of the RFID tag.
The rate of data transfer from a low radio frequency tag is constrained by the low radio

frequency.

In the context of this specification, an animal may be generally any suitable non-human animal

or human, including a laboratory animal, a rodent, a rat, a mouse, a cat, a dog, a rabbit, a bird
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including a poultry bird, livestock including cattle, sheep and horses, or generally any type of

animal.
Summary

Disclosed herein is a radio device for implantation in an animal. The radio device comprises a

capsule encapsulating at least one of a radio receiver and a radio transmitter.

An embodiment comprises a radio-frequency identification (RFID) device encapsulated by the
capsule. The radio-frequency identification device may be responsive to an interrogating radio
wave in the ultra-high frequency (UHF) band. The radio device may be a RFID tag wherein the

RFID device comprises the radio receiver and the radio transmitter.

An embodiment comprises an antenna encapsulated by the capsule. The antenna may be in
signal communication with the RFID device. The antenna may be more than 5 um and less than
45 um interior to an outer surface of the capsule. The antenna may be more than 10 um and less
than 20 pm interior to the outer surface. Alternatively or additionally, an embodiment comprises
an antenna for the radio—frequency identification device, the antenna having a surface not
surrounded by an outer surface of the capsule. The antenna may be at least one of on and at the

outer surface. The antenna may be printed on the outer surface.

In an embodiment, the antenna comprises at least one of a monopole antenna, an inverted F

antenna, a line dipole antenna, a meander antenna, a fractal antenna and a line antenna.

In an embodiment, the outer surface may comprise a biologically inert (“bio-inert”) outer

surface.

An embodiment may be configured to be electrically coupled with the animal when implanted
therein for receiving an electrical current from the animal. The electric current may be generated
by irradiating the animal with a radio wave, for example a RFID device interrogation radio

wave.

In an embodiment, the capsule may comprise a tunnelling tool for tunnelling into the animal.
The capsule may comprise a tunnelling tool for tunnelling into the animal’s skin. The tunnelling
tool may narrow towards an end thereof. The tunnelling tool may be at an end of the capsule.

The tunnelling tool may comprise at least one of a wedge and a point.
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In an embodiment, the capsule may be no more than 4.2 mm long. The capsule may be no more
than 4 mm long. The capsule may have a maximum transverse dimension of less than 500 pm.

The capsule may have a height of no more than 0.2 mm.

Disclosed herein is a method for making a radio device for implantation in an animal. The
method comprises the step of encapsulating at least one of a radio receiver and a radio

transmitter in a capsule.

An embodiment comprises the step of encapsulating in the capsule a RFID device. The step of
encapsulating in the capsule the radio-frequency identification device may comprise
encapsulating in the capsule a radio-frequency identification device that is responsive to an

interrogating radio wave in the ultra-high frequency (UHF) band.

In an embodiment, the step of encapsulating at least one of a radio receiver and a radio
transmitter in the capsule comprises the step of encapsulation an antenna in the capsule. The
antenna may be in signal communication with the at least one of the radio receiver and the radio
transmitter. The antenna may be more than 5 um and less than 45 pm interior to an outer surface
of the capsule. The antenna may be more than 10 pm and less than 20 um interior to the outer
surface. The antenna may comprise at least one of a monopole antenna, an inverted F antenna, a

line dipole antenna, a meander antenna, a fractal antenna and a line antenna.
In an embodiment, the outer surface comprises a biologically inert outer surface.

An embodiment comprises the step of attaching to the capsule an antenna for at least one of the
radio receiver and the radio transmitter. The antenna may have a surface not surrounded by an

outer surface of the capsule.

In an embodiment, the step of attaching to the capsule the antenna comprises the step of printing
the antenna on the outer surface. The antenna may comprise at least one of a monopole antenna,

an inverted F antenna, a line dipole antenna, a meander antenna, a fractal antenna and a line

antenna.
In an embodiment, the capsule comprises a biologically inert outer surface.

An embodiment comprises the step of configuring the at least one of the radio receiver and the
radio transmitter for receiving an electrical current from the animal. The electrical current may
be generated by irradiating the animal with a radio wave, for example a RFID device

interrogation radio wave.
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In an embodiment, the capsule comprises a tunnelling tool for tunnelling into the animal. The
tunnelling tool may be for tunnelling into the animal’s skin. The tunnelling tool may narrow
towards an end thereof. The tunnelling tool may be at an end of the capsule. The tunnelling tool

may comprise at least one of a wedge and a point.

Disclosed herein is a method for providing electrical power to a radio device attached to an
animal. The method comprises the step of electrically coupling the radio device to the animal.
The method comprises the step of irradiating the animal with an electromagnetic wave to
generate an electric current within the animal, whereby the electric current is conducted from the

animal to the radio device.

In an embodiment, the radio device comprises a radio-frequency identification (RFID) device.

The radio device may comprise a capsule encapsulating the RFID device.

An embodiment comprises the step of implanting the radio device in the animal. The radio
device may be implanted in the animal’s tail. The radio device may be implanted in the animal’s

tail skin.

The animal or a part thereof, for example the animal’s tail, may collect and communicate to the
radio device an interrogation radio wave. The tail in cooperation with the radio device may
broadcast an identification radio wave comprising animal identification information in response

to the interrogation radio wave. The tail of the animal may generally act as an antenna itself.

In an embodiment, the step of electrically coupling the radio device implanted in the animal
thereto comprises the step of electrically capacitive coupling the radio device implanted in the
animal thereto. Alternatively or additionally, the step of electrically coupling the radio device
implanted in the animal thereto comprises the step of electrically directly coupling the radio

device implanted in the animal thereto.

Collecting electrical current generated in the tail may enable the use of smaller radio devices,
and may reduce the need for an antenna to be integral to the radio device. This may reduce
animal distress and pain during implantation of the radio device, may enable implantation into
parts of the animal previously not suitable for receiving a radio device, and may provide more
power to the radio device which may increase the interrogation range, and/or enable additional

functionality and applications that require more power.

The antenna, when implanted in the skin, may operate at frequencies at which other antennas not

in the animal’s skin may not be operable, in view of the reduced attenuation of transmitted and
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received radio waves. The animal’s tail epidermis may be thinner than another part of the
animal’s epidermis. For example, the thickness of the mouse’s tail epidermis may be
approximately 30 um. Electromagnetic waves (for example electromagnetic waves that are
transmitted or received by the radio device) that have propagated through the mouse tail’s
epidermis may be less attenuated than those that have passed through the full thickness of the

skin. UHF waves are absorbed relatively strongly by skin tissue.

The radio device, implanted in the animal’s tail may migrate less (or not at all) than a radio
device disposed within another part of the animal. Handling of the animal for locating a migrated

radio device may be reduced or unnecessary.

A radio device and/or antenna within the animal’s tail may improve internal imaging of the
animal’s body. For example, distortion of MRI torso, head, and leg images (by metal within the

radio device or a antenna, for example) may be reduced or eliminated.

Disclosed herein is a method for implanting a radio device into an animal. The method
comprises the step of making an opening in the skin of the animal. The method comprises the

step of inserting the radio device through the opening.

An embodiment comprises the step of inserting an end of a cannula into the opening in the skin.
The method comprises the step of the radio device exiting the cannula and entering the animal

via the opening.

An embodiment comprises the step of attaching an antenna to the animal. The step of attaching
the antenna to the animal’s skin may comprise attaching the antenna to the animal for electrically
coupling the antenna to the radio device. The step of attaching the antenna to the animal’s skin
may be such that the antenna and the radio device are co-located. The step of attaching an
antenna to the animal comprises the step of applying an electrically conductive tattoo to the

animal’s skin

In an embodiment, the opening in the skin is an incision. Alternatively, the opening in the skin is

a piercing.

Disclosed herein is an animal having implanted therein a radio device in accordance with the

disclosure above.

In an embodiment, the radio device is within the animal’s tail. The radio device may be

proximally disposed within the animal’s tail. The radio device may be within the animal’s skin.
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The radio device may be within the animal’s dermis. The radio device may be electrically
coupled with an external antenna attached to the animal’s skin. The external antenna may
comprise an electrically conductive tattoo within the animal’s skin. The radio device may be co-
located with the electrically conductive tattoo. The electrically conductive tattoo may be
configured to define at least one externally visible symbol. The at least one externally visible
symbol may be human readable. The at least one externally visible symbol may be machine
readable. The electrically conductive tattoo may be within the animal’s dermis. The electrically
conductive tattoo may be within an outer portion of the animal’s dermis. The electrically
conductive tattoo may be located between 50 um to 100 um beneath the surface of the animal’s
skin. The electrically conductive tattoo may be configured as one of a monopole antenna, an
inverted F antenna, a line dipole antenna, a meander antenna, a fractal antenna and a line

antenna.

Tattooing the antenna may be easier and/or cheaper than fabricating an RFID tag with an
attached antenna. A tattooed antenna may be longer than an antenna that is integral with the
radio device, and may improve the performance of the radio device. Generally, animal welfare
issues arising from the implantation procedures related to larger RFID tags limit the length of an
integrated antenna. A tattooed antenna may enable smaller radio devices to be implanted,

improving animal welfare.

The at least one externally visible symbol may be for any one or more or of visual identification
of the animal, identifying a feature of the animal including but not limited to the animal’s sex,
and conveying generally any information. The electrically conductive tattoo may be configured
as a meander antenna defining the at least one externally visible symbol. The at least one

externally visible symbol may comprise at least one alphanumeric character.

In an embodiment, the animal is a non-human animal. The animal may be any one of a
laboratory animal, a rodent, a rat, a mouse, a cat, a dog, a rabbit, a bird including a poultry bird,

and livestock.

Disclosed herein is a radio device in accordance with the above disclosure implanted in an

animal.

In an embodiment, the radio device is implanted in the animal’s tail. The radio device may be
implanted at a proximal end of the animal’s tail. Alternatively or additionally, the radio device

may be implanted in the animal’s skin.
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In an embodiment, the radio device may be co-located with the electrically conductive tattoo.
The electrically conductive tattoo may be configured to define at least one externally visible
symbol. The at least one externally visible symbol may be human readable. The at least one
externally visible symbol may be machine readable. The electrically conductive tattoo may be
within the animal’s dermis. The electrically conductive tattoo may be within an outer portion of
the animal’s dermis. The electrically conductive tattoo may be located between 50 um to 100
um beneath the surface of the animal’s skin. The electrically conductive tattoo may be
configured as one of a monopole antenna, an inverted F antenna, a line dipole antenna, a

meander antenna, a fractal antenna and a line antenna.

The at least one externally visible symbol may be for any one or more or of visual identification
of the animal, identifying a feature of the animal including but not limited to the animals sex,
and conveying generally any information. The electrically conductive tattoo may be configured
as a meander antenna defining the at least one externally visible symbol. The at least one

externally visible symbol may comprise at least one alphanumeric character.

In an embodiment, the radio device may be electrically coupled with an external antenna
attached to the animal’s skin. The external antenna may comprise an electrically conductive

tattoo within the animal’s skin.

Any of the various features of each of the above disclosures, and of the various features of the

embodiments described below, can be combined as suitable and desired.
Brief description of the figures

Embodiments will now be described by way of example only with reference to the

accompanying figures in which:

Figure 1 shows a longitudinal elevational section view of an embodiment of a radio

device.

Figures 2 shows a detail of figure 1.

Figure 3 is a view from above of the radio device of figure 1.
Figure 4 is a view from below of the radio device of figure 1.

Figure 5 shows a longitudinal section of a mouse’s tail having a radio device of figure 1

implanted therein.
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Figure 6 shows a bottom view of an example of a commercially available RFID semi-

conductor microchip.

Figure 7 is a view from below of another embodiment of a radio device comprising an

antenna.

Figures 8 — 11 shows steps of an embodiment of a method for implanting a radio device

into an animal.

Figure 12 shows a step of another embodiment of a method for implanting a radio device

into an animal.

Figure 13 shows an example of a tail of an animal having implanted therein a radio

device of figures 1 and an example of an electrically conductive tattoo applied thereto.

Figure 14 shows another example of a tail of an animal having implanted therein a radio
device of figure 1 and another example of an electrically conductive tattoo applied

thereto.
Figure 15 shows an idealised cross section through the tail of figures 13 and 1614.

Figures 16 and 17 show cross sections through the tail of either figure 14 or figure 15

captured using a microscope.

Figure 18 shows an example of an animal’s tail having implanted therein another

embodiment of a radio device

Figure 19 shows a bottom view of yet another embodiment of a radio device comprising

an antenna disposed within a cannula.

Figure 20 shows the radio device of figure 19 exiting the cannula with the assistance of

pin disposed within the cannula.
Description of embodiments

Figures 1 — 4 show various views of an embodiment of a radio device, generally indicated by the
numeral 10, for implantation in an animal 12. The radio device 10 comprises a capsule 14
encapsulating at least one of a radio receiver 16 and a radio transmitter 18. In this but not all

embodiment, the capsule encapsulates both a radio receiver and a radio transmitter.
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The animal 12 is a non-human animal 12 in the form of a mouse, however, the animal 12 may be
any one of a laboratory animal, a rodent, a rat, a mouse, a cat, a dog, a rabbit, a bird including a

poultry bird, and livestock. Alternatively, the animal 12 may be a human.

Figure 5 shows an elevational cutaway view of the radio device 10 implanted in the animal
12. The radio device 10 is implanted, in this but not all embodiments, in the skin (“dermis”)
34 of the tail 13 of the animal 12, and particularly in an outer portion 48 of the skin 34,
beneath the epidermis 36 and above the hyperdermis 37. The tail is beyond the hairline 39
on the animal’s torso. The dermis has an approximate thickness in the range of 200-

400 um in some rodents. While in this embodiment the radio device is within the dermis, the
radio device may be immediately below the epidermis (specifically, the basal layer thereof) or
within the hypodermis. The precise location of the tag implant position will vary according to

each tail 13 dimensions — which vary by species, strain, age, litter size gender, etc.

The capsule 14 of the radio device 10, but not in all embodiments, comprises a tunnelling tool 21
for tunnelling into the animal 12, for example into the animal’s skin 34 for implantation therein.
The tunnelling tool 21 is at an end of the capsule 14, and narrows toward the end 22. The
tunnelling tool 21 comprises a wedge 24 having a distal edge 27, however it may alternatively
comprise, for example, a cone having a point 27, or a tip. Generally, the tunnelling tool may

have any suitable configuration.

The radio device may be attached to another part of an animal, for example the foot pad of a bird

or intrascapularly. Generally, the radio device may be attached to any suitable part of an animal.

In the embodiments illustrated, the radio device 10 is in the form of a RFID tag and comprises a
radio-frequency identification (RFID) device 26 in the form of a RFID microchip that is
encapsulated by the capsule 14. The RFID microchip 26 allows radio identification of the
animal. Figure 6 shows an example of a commercially available RFID semi-conductor microchip
100, the MONZA R6-P manufactured by IMPINJ, that may be integrated with the RFID tag 10.
Visible in figure 6 are a positive terminal 102 (“RF+”) and a negative terminal 103 (“RF-") that
are each in the form of an antennae pad for connecting an antenna. The capsule 14 is
approximately 450 um — 500 pm high and approximately 4.2 mm long. Other embodiments,
however, may have other dimensions, for example may be no more than 4 mm long and have a
height of no more than 0.2 mm. The RFID device 26 is 150 um high and has a top surface area
of 464 um x 442 um. The semi-conductor integrated circuit 100 has read and write
capabilities and a memory to store data, operating in the Ultra High Frequency (UHF) band
for example, in the range of 860 MHz to 920 MHz to ISO 18000 - 6 and EPC Gen 2



10

15

20

25

30

WO 2017/136898 11 PCT/AU2017/050117

standards), configured to work within the regulated power maximum of 4 watts EIRP for
the USA and other countries that operate to this standard and 2 watts ERP for the

European Union.
Applications of the radio device include:

¢ Identification of non-human animals in research laboratories, for example, during
preclinical trials.

e Identification of domesticated and husbandry animals.

e Tracing a non-human animal for human consumption through a process, including
identifying and tracking the animal’s carcass e.g. poultry, cattle or lamb carcass) after

slaughter.

The electromagnetic wave that provides power to the RFID tag 14 is in this but not necessarily in
all embodiments a RFID an interrogation radio wave from a RFID reader, for example. The
RFID tag 10 responds to receiving the RFID interrogation radio wave, by the RFID device 26 of
the RFID tag 14 generating an identification radio signal carrying information in the form of
identification information which is transmitted as the identification radio wave. The radio signal
32 is generated according to an air interface protocol which may be any suitable air interface
protocol, for example RAIN RFID, and EPC global UHF Class 1 Gen2 / ISO 18000-63
(formerly 18000-6C).

The identification information may be unique, or at least unique for a group of animals.
However, the identification information may not be unique, but rather identify some other
feature of the animal, for example the sex and genetic characteristic. Generally, but not
necessarily, the identification information comprises a code in the form of an Electronic Product
Code (EPC) is stored in the RFID tag's memory. The code is written to the RFID tag 10 by a
RFID reader, and which may take the form of, for example, a 96-bit string of data. Alternative
embodiments may not store an EPC. The first eight bits may be a header which identifies the
version of the air interface protocol. The next 28 bits may identify the organization that manages
the data for this tag. The organization number may be assigned by the EPC global consortium.
The EPC or part thereof may be used as a key or index number to uniquely identify that
particular animal represented in a data store in the form of an electronic database. In this
embodiment, stored in RFID tag user memory is an object class, identifying the kind of animal
the tag is attached to (e.g. "mouse" or "rat"), and a unique number for a particular tag encoded as

follows:
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* Position 1 = Gender
o 0=Male
o 1=Female
* Positions 2 -9
o Enclosure identification (2 numeric digits — 00 to 99 which addresses 8 bits, 2-5
for the first digit 0-9 and positions 6-9 for the second digit 0-9)
* Positions 10— 18
o Strain code (00-9Z7)
* Positions 19 — 26
o Protocol identification — a two digit numeric code

The radio-frequency identification device 26 is responsive to an interrogating radio wave in the

ultra-high frequency (UHF) band.

The radio device 10 comprises an antenna 28 encapsulated by the capsule 14. The antenna is in
signal communication with the RFID device 26 when the radio device 10 is implanted. The
antenna 28 is electrically coupled with the skin 34 of the tail 13, which may leverage the
electrical conductance properties of the skin. The antenna height is approximately 300 um, the
length is approximately 2 mm, and comprises a conductive coil in the form of a coil of 24 gauge
round copper wire. The orientation of the antenna relative to the animal may not be important.
The antenna 28 may be more than 5 pm and less than 45 pm interior to an outer surface 32 of the
capsule 14, however some embodiments may have better performance when the antenna 28 is
more than 10 pm and less than 20 pm interior to the outer surface 32. In the embodiment of
figures 1-4, the antenna 28 has an outer surface 30 that is 15 um interior to the outer surface 32.
The antenna 28 does not have to be in direct contact with the outer surface 32. The outer surface
32 may protect the animal from harmful materials e.g. copper within a copper antenna and may

also protect the antenna from the corrosive environment in the skin.

The antenna 28 is connected to the RFID device 26 using a fusible metal in the form of a fusible
metal alloy, for example a solder. Alternatively, conductive epoxy resin a mechanical electrical
terminal, for example, may be used. The RFID device 26 is monostatic, however other
embodiments may be bistatic (that is, have separate antenna for receiving the interrogation radio

wave and transmitting the identification radio wave).

An alternative embodiment of a radio device 11 in the form of a RFID tag is shown in figure 7.
Parts having similar form and/or function to those in figures 1-4 are similarly numbered. The
radio device 11 comprises an antenna 28 for the RFID device 26. The antenna 28 is in signal
communication with the RFID device 26. The antenna 28 has a surface not surrounded by an
outer surface 32 of the capsule 14. The antenna 28 is at least one of at or on the outer surface,

and in this embodiment is printed on the outer surface 32. The antenna 28 comprises a loop
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dipole antenna, with a meander configuration, however it may comprise at least one of a
monopole antenna, an inverted F antenna, a line dipole antenna, a meander antenna, a fractal
antenna and a line antenna. A fractal antenna is an antenna that uses a fractal, self-similar design
to maximize the length, or increase the perimeter (on inside sections or the outer structure), of
material that can receive or transmit electromagnetic radiation within a given surface area or

volume.

The capsules 14 of figures 1-4 and 7 comprise a biologically inert outer surface 32, comprising
for example glass, parylene, polymethylmethacrylate latex (PMMA) or generally any suitable
form of biologically inert material. In these embodiments, the capsule comprises a protective
biologically inert material in the form of PMMA that encapsulates the RFID device. A
biologically inert material may not initiate a response or interact with biological tissue when
implanted therein. Materials that initiate a response may detrimentally affect the animal 12.

Tissue, however, may still attach to a biologically inert material.

The radio devices 10 and 11 are configured to be electrically coupled with the animal 12 when
implanted therein for receiving an electrical current generated by irradiating the animal 12 with a
radio wave. The antenna may not be required because the animal’s tail 13 may be an antenna. A
shorter antenna may be used. The radio device may be read from and written to from a greater
distance, for example greater than 3 cm. The antenna may also alternatively or additionally

generate electrical power when receiving the electromagnetic wave.

Steps of an embodiment of a method for making either one of the radio devices 10 and 11 for
implantation in an animal 12 will now be described. The method comprises the step of
encapsulating at least one of a radio receiver 16 and a radio transmitter 18 in a capsule 14. The
method may comprise the step of encapsulating an RFID device 26 comprising the radio receiver

and radio transmitter.

The RFID device may be one of a plurality of RFID devices attached to a tape reel. The

embodiment may include at least one of the steps of:

1. Forming the antenna. The antenna may comprise, for example, 2 x 2mm copper wire
strips, a dipole loop, a dipole meander loop, etc. A length of copper wire may be coiled

or formed by hand or machine to the desired antenna configuration.
2. Removing the RFID device 26 from the tape reel.

3. Attaching the antenna to the RFID device 26, for example to RF+ and RF- pads.
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4. Encapsulating the RFID device 26, which may include the steps of, for example:

— Preparing a base layer of encapsulation material

— Positioning the RFID device 26 centrally on the base layer of the encapsulating

material

— Covering the RFID device 26 with encapsulating material with, for example, a

layered deposition process

— Alternatively or additionally, preparing a base layer of the encapsulating material
within a mould, position the RFID device centrally on the base, then injecting the

encapsulation material into the mould to encapsulate the RFID device 26.

An embodiment for making of the radio device 10 comprises the step of encapsulation in the

capsule 14 an antenna 28.

An embodiment for making a radio device 11 comprises the step of attaching to the capsule 14
an antenna 28 for the radio—frequency identification device 26. The antenna 28 has a surface not
surrounded by an outer surface 32 of the capsule 14. The antenna may be disposed on or at the

outer surface 32, for example printed on the outer surface 32.

Now a method for providing electrical power to a radio device 10,11 attached to an animal 12
with be described. The method comprises the steps of electrically coupling the radio device
10,11 to the animal 12 thereto. The method comprises the step of irradiating the animal 12 with
an electromagnetic wave to generate an electric current within the animal 12, whereby the

electric current is conducted from the animal 12 to the radio device 10,11.

The radio device 10,11 is implanted in the skin of the animal’s tail 13, however it may be
attached to the skin with adhesive, for example. It may be implanted elsewhere in alternative

embodiments.

The radio device 10,11 is implanted interior of the animal 12’s epidermis 36, which is generally

30 — 50 pm thick in a mouse.

The tail 13 of a rodent, such as a mouse or rat, generally acts as an antenna or an extension of the
antenna attached to the radio device. When the radio antenna 28 is electrically coupled with a
rodent tail 13, the received signal strength was found to generally increase. In a trial performed

by the applicant, a bare 4 mm copper monopole antenna radiated with an electromagnetic wave



10

15

20

25

30

WO 2017/136898 15 PCT/AU2017/050117
having a frequency between 860 MHz and 915 MHz (for example 900 MHz, however radio

frequencies outside of this range are expected to be similar affected) generated a signal strength
of a relative power of -35 dB. When the bare antenna is increased in length to 8 mm, the signal
increased by 4 dB. When a 4 mm copper monopole antenna is inserted into the dermis of a
mouse tail 13 of length 18 mm, the signal increased by 8-9 dB can be observed. When the mouse
tail length is increased to 26 mm, the signal increased by 10-10.5 dB. When a 4 mm copper
monopole antenna is inserted into a fully grown adult mouse tail 13, of 8 months in age, with a
length of 98 mm, the signal increased by 14.5 dB. Similar increases in signal may be observed
by using rat tails 13. Increasing the effective antenna length using the tail increases received and

transmitted signal strength.

The increased electrical power received by the RFID device may support more complex circuitry

on a semiconductor chip, or increased interrogation distances.

During the trial, the orientation of the antenna relative to the electromagnetic wave source,
whether it is in the tail 13 directly facing the source or in the tail 13 furthest away from the
source, behind the tail bone and vasculature, makes no significant difference to the dB gain.

Shielding the antenna with a nonconductive material, such as nylon did not attenuate the signal.

While not wanting to be bound to any particular theory, the applicant is of the opinion that it is
the electrically conducting properties of the skin of the tail, and the tails longitudinal geometry,

that may enable it to act as an antenna.

The step of electrically coupling the radio device 10 implanted in the animal 12 thereto
comprises the step of electrically capacitive coupling the radio device 10 implanted in the animal
12 thereto. The radio device 10, for example, has an internal antenna, and so there is no or little
direct electrical coupling. Capacitive couple may occur, however. Alternatively, the step of
electrically coupling the radio device 11 implanted in the animal 12 thereto comprises the step of
electrically directly coupling the radio device 10 implanted in the animal 12 thereto. For
example, the antenna 28 on the exterior surface of radio device 11 may be directly coupled with

the skin when the device 11 is in implanted in the skin 34.

Now steps of an embodiment of a method for implanting a radio device 10, 11 into an animal 12
will be described with reference to figures 8-11. A step comprises making an opening 38 in the
skin 34 of the animal 12 in the form of an incision or hole. Optionally, biologically inert and
sterile mineral oil may be applied to the skin surface 50 to lubricate the skin to facilitate the

creation of the opening 38 in the skin 34. The skin-piercing or cutting tool may be in the form of,
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for example, a trocar, or a sharp blade or generally any suitable tool. In another example, the
incision may be made using a laser or radio frequency cutting device. As shown in figure 9, a
step comprises inserting an end of a cannula 40 into the opening 38 in the skin 34. The dermis
separates around the leading edge of the cannula as it is inserted therein. As shown in figure 10,
a step comprises moving the radio device 10,11 through the cannula 40 and out of an opening 41
at the end of the cannula 40. The cannula 40 may then be removed. In the embodiment shown in
figures 8-10, a curved cannula 40 with a 20 gauge 0.8 mm lumen is used. The sharp point of the
cannula pierces the epidermis and then the cannula is rotated 90° The skin 34 may close around

the radio device 10,11 and the opening 38, and the skin may begin to heal.

In this example, the cannula 40 is inserted into the animal’s dermis, specifically an upper dermal
layer below the epidermis. Alternately, the cannula 40 is inserted between the upper dermal
layer and the epidermis. In another embodiment, however, the radio device 10,11 may be

implanted at any suitable location within the animal, for example interscapularly.

Figure 12 shows the implantation of the radio device 10,11 using a straight cannula 41, in which
case the sharp point of the cannula pierces the epidermis and is then angled toward the surface of
the tail 13, lifting the epidermis above it to provide a straight passage of the device 10,11 to the

implantation site.

When the RFID tag 10,11 is pushed into a dermal incision, along for example the epidermal /
dermal boundary, the wedge 24 (or point for example), which is the leading edge separates the
boundary to form a tunnel without pain or trauma. A gap is left behind the RFID tag 10,11 when

it is removed, which may enable the dermal incision to heal unimpeded.

Figure 19 shows a bottom view of yet another embodiment of a radio device 100 in the form of a
RFID tag comprising an antenna disposed within a cannula 102. Figure 20 shows the radio
device 100 of figure 19 exiting the cannula 102 with the assistance of a plunger 104 in the form
of an actuatable pin, which is disposed within the cannula. The pin 104 is in contact with an end
of the radio device 100. The sharp point 108 of the cannula 102 pierces the epidermis and is then
angled toward the surface of the tail 13, lifting the epidermis above it to provide a straight
passage of the device 100 to the implantation site. The cannula 102 may be pushed into the skin
to form a tunnel therein, with the tip 108 separating the skin. The RFID tag may be 100 pushed
longitudinally by the plunger 104 disposed in the cannula 102 towards the torso for a distance of
5-6mm. The RFID tag 100 may be implanted below the basal layer of the epidermis, in the
dermis, leaving a 1 — 2 mm space behind the RFID tag 100 for the opening in the skin to close

and the skin to heal. In this embodiment, however, the cannula 100 is pushed 5 — 6 mm beneath
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the epidermis and when the cannula 100 is retracted, the plunger 104 is held in place and so
retains the position of the RFID tag 100, thus depositing it in the correct place. The plunger 102
in the cannula 104 pushes the RFID tag 100 down and through the lumen 106 to the distal end
and out into the dermis below the basal layer. The plunger 104 may push the tag for a distance of
3-4 mm out of the cannula 102, which is then withdrawn. The radio device 100 does not in this
case require a tunneling tool. While the action of the plunger and cannula have been described
with respect of radio device 100, it will be appreciated that radio device 10 or radio device 11
may be similarly implanted using the plunger 104 and cannula 102.The radio device 100 has a
length of 4 mm, width 0.5 mm and a height of 0.2 mm. The radio device comprises an assembly
comprising a RFID device 110 in the form of an IMPINJ MONZA RP-6. The assembly has a
dipole antenna 112 comprising 2 parts that are each 2mm long strips of copper that are gold
plated. The assembly comprises an antenna substrate in the form of a sheet of KAPTON 114,
The assembly is encapsulated in parylene, the encapsulating layer of parylene having a thickness

of 2—5 um.

Steps of an embodiment of a method for making the radio device 100 for implantation in the

animal 12 is now described. The steps include at least some of:

e Printing the antenna 112 onto a sheet of KAPTON. A plurality of antenna may be
printed on the sheet of KAPTON.

e Depositing solder in the form of solder paste on the sheet, for example using a screen
printing process, for attachment of the antenna to the RFID device. The solder may be
deposited between the two antenna, or applied to each antenna well by hand or
automatically. This may be repeated if there are a plurality of antennae on the sheet of
KAPTON.

e An RFID is placed on the solder with the RF pads face down and may be capacitively
connected to the antenna. The plurality of RFID device chips may be picked from a
wafer with all the dies in place, or the wafer may be packaged with the dies transferred to
a waftle or reel tape.

e The temperature of the KAPTON sheet is raised such that the solder melts. The
temperature of the KAPTON sheet is lowered such that the solder solidifies, whereby the
solder fixes the RFID device to the antenna.

e Adhesive in the form of DIMAX is placed over each chip and cured with UV light. The
cured adhesive provides a smooth surface over the chip edges, which may be sharp

because the chip comprises silicon.
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e The plurality of assemblies may be cut from the sheet of KAPTON using either steel die

cuts and/or a laser cutting tool.

e An assembly, or each of the plurality of assemblies separated from the sheet of
KAPTON, is tumbled in a chamber containing vaporized parylene which coats the tags
uniformly over all surfaces.

e The completed radio devices may be individually interrogated for testing, for example by
an IMPINJ INDY RS2000 reader.

e One or more of the radio devices may then be loaded into a cannula or needle, for
example, with a 21 or 22-gauge lumen for example, although lumen of other diameters
may be used. Using a thin-walled cannula or needle may enable cannulas having smaller
diameters to be used. The cannula or needle may be metal, plastic, or generally any

suitable material.

As shown in figures 13 and 14, the radio device 10 may be, but not necessarily, electrically
coupled with an external antenna 42,44 attached to the animal’s skin 34. An embodiment
comprises the step of attaching an antenna 42,44 to the animal 12. The step of attaching the
antenna 42,44 to the animal 12 comprises, in this but not all embodiments, the step of applying
an electrically conductive tattoo to the animal’s skin 34. The tattoo 42, 44 is generally but not
necessarily disposed in the dermis, for example the upper dermis, to be co-located with the radio
device 10. The tattoo material deposit is an unbroken pattern of ink, to form an electrically
conductive antenna. The tattoo may comprise a conductive material in the form of a conductive
ink or conductive paint, examples of which include but are not limited to copper paint, and
reduced graphene oxide ink. Generally, any suitable conductive material may be used, in this
embodiment an ink that comprises graphene oxide. The electrically conductive ink is
encapsulated to form micro-spheroids of electrically conductive ink within the dermis. The
conductive material may be encapsulated in a polymer, in this embodiment
polymethylmethacrylate latex (PMMA), to provide a biologically inert protective coating. The
encapsulant may result in fixing the encapsulated conductive material in the dermis. The
conductive ink tattooed antenna may be deposited at a mean target depth of 225um +£50pm
below the surface of the skin 34, however the depth may vary according to the individual, animal
variety, species and age. Each microsphere of ink may be, for example, in the range of 1 um to
10 um, approximately Sum, in diameter. The target thickness of ink deposition may be 75um
+25um. The tattoo antenna length may range between, for example, 15mm to 40mm, depending
upon the tail length (which varies by species, strain, age, gender and litter size). The tattooed

antenna generally may capture more of the electromagnetic wave, and may increase the signal
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power by between 30 and 50%, for example, depending on its length and the tag antenna length.

The antenna may also improve the strength of the radio wave transmitted by the radio device.

The electrically conductive tattoo 42,44 may comprise a monopole antenna, an inverted F
antenna, a line dipole antenna, a meander antenna, a fractal antenna and a line antenna, or
generally any suitable configuration. The antenna may alternatively be painted onto the animal’s
skin, or attached with adhesive, however a tattooed antenna is permanent, will not migrate and

may be robust.

The antenna length may vary according to the individual tail length. The antenna may be shorter
on longer tails, where the tail 13 acts as a longer antenna. The antenna attached to the animal

skin 34 may be, for example, approximately 25 mm long.

The devices and methods described in the international patent application publications
WO02014/151852A1 and WO/2013/163339 may be used to apply the tattoo. The tattoo material
is stored in a reservoir. The tattoo material is pumped to a needle tip which deposits the ink,

paint or particulates to a precise depth and location in the dermis as a tattoo.

The electrically conductive tattoo 44 may be configured to define at least one externally visible
symbol 46. The at least one symbol may comprise identification information. At least one
externally visible symbol is in this embodiment configured to be human readable. Alternatively

or additionally, the at least one externally visible symbol may be for machine readability.

The external antenna may alternatively or additionally comprise a monolithic antenna coated in a
biologically inert material, for example glass, parylene, polymethylmethacrylate latex (PMMA)
or generally any suitable form of biologically inert material. The monolithic antenna may be
coated in a highly conductive material under the biologically inert material, such as
graphene or graphene oxide. The coating may act as the skin of the antenna rather than the
underlying copper or silver metal core. Current generally flows near the surface of the
antenna material, only a few microns in metal such as copper and perhaps only 10 microns
at 990Mhz. Therefore, coating the antenna in a material that has higher conductivity than
copper or silver, creates a skin for the antenna in which more current will flow, thus
enhancing the conductivity of the antenna. Using the coating as the antenna skin may also
enable the gauge of the antenna wire to be smaller without loss of performance to the

current flow.
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Figure 15 shows an idealised cross section through the tail 13, and figures 16 and 17 show cross
sections of the tail 13 captured using a microscope, revealing the microspheres of the tattoo

42.22.

Figure 18 shows an example of an animal’s tail having implanted therein another embodiment of
a radio device 200 in the form of a semi-conductor microchip. Implanted in the animal is an
external antenna electrically coupled to the semi-conductor microchip. An electrically

conductive tattoo antenna is in the skin directly over and in contact with the external antenna.

In an alternative embodiment, the RFID tag 14 may comprise a Surface Acoustic Wave
(SAW) tag operating at the 2.45GHz ISM band (to ISO 18000 - 4 standard). The SAW may
require low-level radio frequency (RF) interrogation radio wave pulses of about 10 mW.
The SAW tag may be encapsulated in a biologically inert material. The SAW tag may have
dimensions of no more than 4 mm in length x 0.8mm in width and 0.6mm thick. The SAW
tag may be connected to an antenna via its connector pads. An external antenna may be
either composed of or coated in a biologically inert highly electrically conductive material.
The antenna may be coated in a biologically inert material that does not impede electrical
conductance. The SAW tag may provide a minimum 64-bit unique identity code. The SAW
tag may be configured to generate temperature data and transmit the temperature data.
The SAW may measure another biological parameter, examples of which include but are

not limited to the presence of antibodies or electrolyte concentration.

In one example, a RFID tag in accordance with the above disclosure is injected into the dermis
of one of the foot pads of a bird, such as a chicken, turkey, duck, goose, grouse, partridge and
other edible birds. When slaughtered, at least one of the date, time, location and processing plant
identification information may be written to the RFID’s microchip memory. When the poultry
are received by the processing plant, they use a RFID reader to extract data from the tag and
upload the data to a processor in the form of a computing system, to confirm the source of the
poultry and other information on the tag to ensure they have the correct shipment for processing.
The processor may be configured to alert the end user if the poultry source and details did not

match a given manifest.

The position of the implanted RFID tags may vary for various animals that have been
slaughtered for processing, such as, but not limited to, cattle, sheep and pigs, and used to track

and verify the source of meat when carcasses arrive at processing plants.
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An example of a RFID reader is now provided. The RFID reader comprises a host logic device
and at least one RFID reader chip in the form of an IMPINJ INDY RS2000 reader chip or
generally any suitable form of reader chip. The host is in communication with the reader chip via
a UART serial interface or generally any suitable interface. The host comprises a RASBERRY
PI, however any suitable host may be used, including QUALCOMM Dragonboard 410c, system-
on-a-board and microcontrollers, an example of which is the MSP430 IRI-LT host
microcontroller. The reader comprises a printed circuit board assembly (PCBA) comprising the
host logic device, RFID reader chip, and firmware. Traces on the PCB electrically connect the
host and the RFID reader chip. A user interface for the reader may be presented on a smart
phone or tablet computer, for example. The identification information is extracted from the
identification radio wave transmitted by the radio device 10,11 and received by the reader and
sent via a network to a processor in the form of a computing system, for example a general
purpose computer, tablet computer, smart phone, or virtual computer service. The reader
may send at least one datagram for communicating at least the animal information (and may
include other information from the code) via a packet switched network or inter network that
comprises a plurality of networks. Any suitable network may be used, examples of which
include but are not limited to a personal area network (e.g. a Universal Serial Bus network, a
BLUETOOTH network, a FIREWIRE network, a THINDERBOLT network), packet-switched
networks, alocal area network (e.g. an Ethernet network defined by the standard IEEE 802.3 or
a variant thereof, a Wi-Fi network defined by the standard IEEE 802.11 or a variant thereof, a
Fibre Channel network), a metropolitan area network, a wide area network (e.g. packet over
SONET/SDH, MPLS, Frame Relay), DUST or another meshed radio network, for example, a
ZIGBEE network.

In one embodiment, the RFID reader can be connected to a processor in the form of a tablet

or mobile phone, to form a single composite device.

Now that embodiments have been described, it will be appreciated that some embodiments have

some of the following advantages:

e Embodiments may cause less adverse impact on an animal’s health and welfare.
e Operators may have reduced skill requirements to perform the implantation procedure.

e The implantation procedure may be easier, faster, and/or cheaper with reduced animal
stress.

e The RFID tag may be reliably read from greater distances (e.g. greater than 3 cm).



10

15

20

25

WO 2017/136898 22 PCT/AU2017/050117

e Electrically coupling the antenna to the skin may enhance the electrical current to the
antenna and radio device, which may improve RFID interrogation range and allow high
power consumption applications.

e The antenna may be made relatively small when coupled to the skin.

e Handling of the animal may be reduced.

e There may be less migration of the radio device, especially when implanted in a tail, and
subsequently less handling, less adverse physiological reactions, and less fatalities.

e There may be less attenuation of received electromagnetic waves, improving signal
strength, available power, and the opening up of new operational frequencies.

e Animals may be identified visually by humans and machines.

e Imaging of the animal’s body may be improved.

¢ Animals may be automatically identified with reduced error.

Variations and/or modifications may be made to the embodiments described without departing
from the spirit or ambit of the invention. For example, while the RFID has been shown
implanted in the tail skin, the RFID may alternatively be implanted in the ear or other area with
less hair to interfere with electromagnetic waves, and subcutaneously. The present embodiments
are, therefore, to be considered in all respects as illustrative and not restrictive. Reference to a

feature disclosed herein does not mean that all embodiments must include the feature.

Prior art, if any, described herein is not to be taken as an admission that the prior art forms part

of the common general knowledge in any jurisdiction.

In the claims which follow and in the preceding description of the invention, except where the
context requires otherwise due to express language or necessary implication, the word
“comprise” or variations such as “comprises" or “comprising" is used in an inclusive sense, that
is to specify the presence of the stated features but not to preclude the presence or addition of

further features in various embodiments of the invention.
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Claims

1. A radio device for implantation in an animal, the radio device comprising a capsule

encapsulating at least one of a radio receiver and a radio transmitter.

2. A radio device defined by claim 1 comprising a radio-frequency identification (RFID)

device encapsulated by the capsule.

3. A radio device defined by claim 2 wherein the radio-frequency identification device is

responsive to an interrogating radio wave in the ultra-high frequency (UHF) band.

4. A radio device defined by any one of the claims 1 to 3 comprising an antenna

encapsulated by the capsule.

5. A radio device defined by claim 4 wherein the antenna is more than 5 pm and less than

45 um interior to an outer surface of the capsule.

6. A radio device defined by claim 5 wherein the antenna is more than 10 pm and less than

20 um interior to the outer surface.

7. A radio device defined by any one of the claims 1 to 6 comprising an antenna having a

surface not surrounded by the outer surface of the capsule.

8. A radio device defined by claim 7 wherein the antenna is at least one of on and at the

outer surface.

0. A radio device defined by either one of the claims 7 and 8 wherein the antenna is printed

on the outer surface.

10.  Aradio device defined by any one of the claims 5 to 9 wherein the outer surface

comprises a biologically inert (“bio-inert”) outer surface.

11. A radio device defined by any one of the claims 54 to 10 wherein the antenna comprises
at least one of a monopole antenna, an inverted F antenna, a line dipole antenna, a

meander antenna, a fractal antenna and a line antenna.

12.  Aradio device defined by any one of the claims 1 to 11 configured to be electrically
coupled with the animal when implanted therein for receiving an electric current from the

animal, the electric current being generated by irradiating the animal with a radio wave.
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A radio device defined by any one of the preceding claims wherein the capsule is at least
one of less than 4.2 mm long and has a maximum transverse dimension of less than 500

um.

A radio device defined by any one of the preceding claims wherein the capsule comprises

a tunnelling tool for tunnelling into the animal.

A radio device defined by claim 14 wherein the tunnelling tool is for tunnelling into the

animal’s skin.

A radio device defined by either one of claim 14 and claim 15 wherein the tunnelling tool

narrows towards an end thereof.

A radio device defined by any one of the claims 14 to 16 wherein the tunnelling tool is at

an end of the capsule.

A radio device defined by any one of the claims 14 to 17 wherein the tunnelling tool

comprises at least one of a wedge and a point

A method for making a radio device for implantation in an animal, the method
comprising the step of encapsulating at least one of a radio receiver and a radio

transmitter in a capsule.

A method defined by claim 19 comprising the step of encapsulating in the capsule a

RFID device.

A method defined by claim 20 wherein the step of encapsulating in the capsule the radio-
frequency identification device comprises encapsulating in the capsule a radio-frequency
identification device that is responsive to an interrogating radio wave in the ultra-high

frequency (UHF) band.

A method defined by any one of the claims 19 to 21 wherein the step of encapsulating at
least one of a radio receiver and a radio transmitter in the capsule comprises the step of

encapsulation an antenna in the capsule.

A method defined by claim 22 wherein the antenna is in signal communication with the

at least one of the radio receiver and the radio transmitter.

A method defined by either one of claim 22 and claim 23 wherein the antenna is more

than 5 um and less than 45 um interior to an outer surface of the capsule.
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A method defined by claim 24 wherein the surface of the antenna is more than 10 um and

less than 20 pm interior to the outer surface.

A method defined by either one of the claims 24 and 25 wherein the outer surface

comprises a biologically inert outer surface.

A method defined by any one of the claims 19 to 21 comprising the step of attaching to

the capsule an antenna for at least one of the radio receiver and the radio transmitter.

A method defined by claim 27 wherein the antenna has a surface not surrounded by an

outer surface of the capsule.

A method defined by either one of claim 27 and 28 wherein the step of attaching to the

capsule the antenna comprises the step of printing the antenna on the outer surface.

A method defined by any one of the claims 22 to 29 wherein the antenna comprises at
least one of a monopole antenna, an inverted F antenna, a line dipole antenna, a meander

antenna, a fractal antenna and a line antenna.

A method defined by any one of the claims 19 to 30 wherein the capsule comprises a

biologically inert outer surface.

A method defined by any one of the claims 19 to 31 comprising the step of configuring at
least one of the radio receiver and the radio transmitter for receiving an electrical current
from the animal, wherein the electrical current is generated by irradiating the animal with

a radio wave.

A method defined by any one of the claims 19 to 32 wherein capsule comprises a

tunnelling tool for tunnelling into the animal.

A method defined by claim 33 wherein the tunnelling tool is for tunnelling into the

animal’s skin.

A method defined by either one of the claims 33 and 34 wherein the tunnelling tool

narrows towards an end thereof.

A method defined by any one of the claims 33 to 35 wherein the tunnelling tool is at an

end of the capsule.
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A method defined by any one of the claims 33 to 36 wherein the tunnelling tool

comprises at least one of a wedge and a point.

A method for providing electrical power to a radio device attached to an animal, the
method comprising the steps of’

electrically coupling the radio device to the animal; and

irradiating the animal with an electromagnetic wave to generate an electric
current within the animal, whereby the electric current is conducted from the animal to

the radio device.

A method defined by claim 38 wherein the radio device comprises a radio-frequency

identification (RFID) device.

A method defined by claim 39 wherein the radio device comprises a capsule

encapsulating the RFID device.

A method defined by any one of the claims 38 to 40 comprising the step of implanting

the radio device in the animal.
A method defined by claim 41 wherein the radio device is implanted in the animal’s tail.

A method defined by claim 42 wherein the radio device is implanted in the animal’s tail

skin.

A method defined by any one of the claims 38 to 43 wherein the step of electrically
coupling the radio device implanted in the animal thereto comprises the step of

electrically capacitive coupling the radio device implanted in the animal thereto

A method defined by any one of the claims 38 to 44 wherein the step of electrically
coupling the radio device implanted in the animal thereto comprises the step of

electrically directly coupling the radio device implanted in the animal thereto.

A method for implanting a radio device into an animal, the method comprising the steps
of:
making an opening in the skin of the animal; and

inserting the radio device through the opening.

A method defined by claim 46 comprising the step of inserting an end of a cannula into

the opening in the skin.
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A method defined by claim 47 comprising step of the radio device exiting the cannula

and entering the animal via the opening.

A method defined by any one of the claims 46 to 48 comprising the step of attaching an

antenna to the animal.

A method defined by claim 49 wherein the step of attaching the antenna to the animal
comprises attaching the antenna to the animal’s skin for electrically coupling the antenna

to the radio device.

A method defined by either one of claim 49 and claim 50 wherein the step of attaching
the antenna to the animal’s skin is such that the antenna and the radio device are co-

located.

A method defined by any one of the claims 49 to 51 wherein the step of attaching an
antenna to the animal comprises the step of applying an electrically conductive tattoo to

the animal’s skin.

A method defined by clam 52 wherein the radio device is defined by any one of the

claims 1-18.

An animal having implanted therein a radio device defined by any one of the claims 1 to

18.
An animal defined by claim 54 wherein the radio device is within the animal’s tail.

An animal defined by claim 55 wherein the radio device is proximally disposed within

the animal’s tail.

An animal defined by any one of the claims 54 to 56 wherein the radio device is within

the animal’s skin.
An animal defined by claim 57 wherein the radio device is within the animal’s dermis.

An animal defined by any one of the claims 54 to 58 wherein the radio device is

electrically coupled with an external antenna attached to the animal’s skin.

An animal defined by claim 59 wherein the external antenna comprises an electrically

conductive tattoo within the animal’s skin.
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An animal defined by claim 60 co-located with the electrically conductive tattoo.

An animal defined by either one of claim 60 and claim 61 wherein the electrically

conductive tattoo is configured to define at least one externally visible symbol.

An animal defined by claim 62 wherein the at least one externally visible symbol is at

least one of human readable and machine readable.

An animal defined by any one of the claims 60 to 63 wherein the electrically conductive

tattoo is within the animal’s dermis.

An animal defined by claim 64 wherein the electrically conductive tattoo is within an

outer portion of the animal’s dermis.

An animal defined by any one of the claims 60 to 65 wherein the electrically conductive

tattoo is located between 50 um to 100 um beneath the surface of the animal’s skin.

An animal defined by any one of the claims 60 to 66 wherein the electrically conductive
tattoo is configured as one of a monopole antenna, an inverted F antenna, a line dipole

antenna, a meander antenna, a fractal antenna and a line antenna.

An animal defined by any one of the claims 54 to 67 that is a non-human animal.

A radio device defined by any one of the claims 1 to 18 implanted in an animal.

A radio device defined by claim 69 implanted in the animal’s tail.

A radio device defined by claim 70 implanted at a proximal end of the animal’s tail.

A radio device defined by any one of the claims 69 to 71 implanted in the animal’s skin.

A radio device defined by any one of the claims 69 to 72 wherein the radio device is co-

located with the electrically conductive tattoo.

A radio device defined by claim 73 wherein the electrically conductive tattoo is

configured to define at least one externally visible symbol.

A radio device defined by claim 74 wherein the at least one externally visible symbol is

at least one of human readable and machine readable.
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A radio device defined by any one of the claims 73 to 75 wherein the electrically

conductive tattoo is within the animal’s dermis.

A radio device defined by claim 76 wherein the electrically conductive tattoo is within an

outer portion of the animal’s dermis.

A radio device defined by either one of claim 76 and claim 77 wherein the electrically
conductive tattoo is located between 50 pm to 100 um beneath the surface of the

animal’s skin.

A radio device defined by any one of the claims 69 to 78 electrically coupled with an

external antenna attached to the animal’s skin.

A radio device defined by any one of the claims 69 to 79 implanted in an animal defined

by any one of the claims 54 to 68.
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