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Abstract

A microelectronic animal identification device, an animal marking system, and
method of using the device is disclosed. The device includes an inserter with a sharp
tip that releasably holds a microelectronic chip. An actuator is configured to release
the chip when the device is inserted in the dermis of an animal, in particular the
dermis of the tail of a mouse, rat, or rodent. A controller is provided to control the
position of the inserter and to control the actuator. The marking system includes a
restraining device that correctly orientates the animal. The system includes
microelectronic chips, a pigment marking device, a media transfer assembly for
producing a pigment mark, a tissue sample device, and a data management system
providing traceability of the animal and the materials used.
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MICROELECTRONIC ANIMAL IDENTIFICATION

FIELD OF THE INVENTION
[0001] The present disclosure relates to systems and methods for providing microelectronic
animal identification.

BACKGROUND

[0002] Animals are marked for identification in a variety of applications by a variety of
methods. The ability to accurately identify and track individual animals is necessary in
research environments where animals are exposed to different experimental conditions, in the
management of colonies of genetically modified animals for which multiple genotypes are
present, and in breeding stocks where it is useful to track which animals possess certain
desirable and undesirable traits.

SUMMARY OF DISCLOSURE
[0003] The present disclosure is directed to microelectronic animal identification.
[0004] An aspect of the present invention discloses a microelectronic animal identification
device comprising:

an inserter configured to releasably hold a microelectronic chip at a distal end of the
inserter;

a restraining device configured for restraining an animal and when so restrained
upwardly present a substrate of an animal body part to the inserter for inserting the distal end
of the inserter into the substrate of the animal body part;

an actuator configured to release the microelectronic chip from the inserter when the
distal end of the inserter is so inserted into the substrate of the animal body part; and

a controller configured to control a position of the inserter and actuate the actuator
configured to release the microelectronic chip from the inserter to implant the microelectronic
chip in a distal to proximal direction parallel to the animal body part;
wherein
optionally, the animal is a mouse, a rat, or a rodent;
optionally, the body part is an upper part of a tail; and
optionally, the substrate is dermis.

[0004a] In an embodiment, the controller is configured to control a position of the inserter
and to actuate the actuator to implant the microelectronic chip into the substrate of the animal

body part.
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[0004b] In an embodiment, the inserter comprises a tubular body defining a lumen and the
actuator comprises a plunger slidably inserted into the lumen.

[0004c] In an embodiment, the plunger is configured to engage and push the microelectronic
chip out of the lumen when the distal end of the lumen is inserted into the substrate of the
animal body part.

[0004d] In an embodiment, the plunger is configured to disengage the microelectronic chip by
a proximal movement of the plunger to limit rotation of the microelectronic chip in the
substrate of the animal body part.

[0004¢] In an embodiment, the microelectronic chip comprises an RF antenna capable of
generating an RF signal that represents an identification number.

[0004f] In an embodiment, the RF antenna comprises an antenna loop.

[0004g] In an embodiment, the microelectronic chip further comprises an onboard logic
circuitry capable of modulating current in the antenna loop to generate a different RF signal
that represents a different identification number.

[0004h] In an embodiment, the onboard logic circuitry is controlled by an electronic memory.
[00041] In an embodiment, the electronic memory is a ROM.

[0004j] In an embodiment, the microelectronic chip further comprises at least one of an
animal location detector, a laminated thin-film movement detector, or a laminated thin-film
vital sign detector.

[0004k] In an embodiment, the vital sign detector is selected from the group consisting of
heart rate detector, ECG detector, EEG detector, EMG detector, temperature detector, blood
pressure detector, and combinations thereof.

[0005;] According to another aspect of the present disclosure, a microelectronic animal
identification device comprises an inserter configured to releasably hold a microelectronic
chip at a distal end of the inserter, and an actuator configured to release the microelectronic
chip from the inserter when the distal end of the inserter is inserted into a substrate of an
animal body part. Optionally, the animal is a mouse, a rat, or a rodent; optionally, the body
part is a tail; and optionally, the substrate is dermis.

[0005] In some embodiments, the identification device further comprises a controller
configured to control position of the inserter and to actuate the actuator to implant the
microelectronic chip into the substrate of the animal body part.

[0006] In some embodiments, the actuator is manually operated.

[0007] In some embodiments, the inserter terminates into a sharp tip capable of piercing into

the substrate of the animal body parts.
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[0008] In some embodiments, the inserter is configured to retain the microelectronic chip in
proximity of the sharp tip.

[0009] In some embodiments, the inserter comprises a tubular body defining a lumen
configured to securely retain the microelectronic chip at a distal end of the lumen.

[0010] In some embodiments, the lumen is dimensioned to limit the movement of

microelectronic chip at the distal end of the lumen.
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[0011] In some embodiments, the lumen has a diameter that is slightly larger than a cross-
sectional profile of the microelectronic chip.

[0012] In some embodiments, the distal end of the lumen is dimension to approximate the
cross-sectional profile of the microelectronic chip

[0013] In some embodiments, the microelectronic chip is secured to the lumen by an adhesive.
[0014] In some embodiments, the tubular body terminates into a sharp tip extending distally
beyond the microelectronic chip.

[0015] In some embodiments, the microelectronic chip includes a sharp end extending beyond
a distal end of the tubular body.

[0016] In some embodiments, the actuator comprises a plunger slidably inserted into the lumen.
[0017] In some embodiments, the plunger is configured to engage and push the microelectronic
chip out of the lumen when the distal end of the lumen is inserted into the substrate of the animal
body part.

[0018] In some embodiments, the plunger is configured to disengage the microelectronic chip
by a proximal movement of the plunger to limit rotation of the microelectronic chip in the
substrate of the animal body part.

[0019] In some embodiments, the plunger is actuated by a controller.

[0020] In some embodiments, the plunger is manually actuated.

[0021] In some embodiments, the microelectronic chip comprises a photocell that provides
power to the microelectronic chip.

[0022] In some embodiments, the microelectronic chip comprises an RF antenna capable of
generating an RF signal that represents an identification number.

[0023] In some embodiments, the RF antenna comprises an antenna loop.

[0024] In some embodiments, the microelectronic chip further comprises an onboard logic
circuitry capable of modulating current in the antenna loop to generate a different RF signal that
represents a different identification number.

[0025] In some embodiments, the onboard logic circuitry is controlled by an electronic
memory.

[0026] In some embodiments, the electronic memory is a ROM.

[0027] In some embodiments, the microelectronic chip further comprises an animal location
detector.

[0028] In some embodiments, the microelectronic chip further comprises a laminated thin-film
movement detector.

[0029] In some embodiments, the microelectronic chip further comprises a laminated thin-film

vital sign detector.
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[0030] In some embodiments, the vital sign detector is selected from the group consisting of
heart rate detector, ECG detector, EEG detector, EMG detector, temperature detector, blood
pressure detector, and combinations thereof.

[0031] In some embodiments, the microelectronic chip implant device is configured to implant
the microelectronic chip into the epidermis of the animal body part at a depth that allows the RF
signal to be detected.

[0032] In some embodiments, the microelectronic chip implant device is configured to implant
the microelectronic chip into the epidermis of the animal body part at a depth that allows the
photocell to be activated, optionally by a laser that emits 5-60 mW of optical power at 660 nm.
[0033] In some embodiments, the identification device further comprises a chip reading device
for photo-activating the microelectronic chip and for receiving the RF signal generated by the
RF antenna.

[0034] In some embodiments, the chip reading device comprises a laser diode driver for photo-
activating the microelectronic chip.

[0035] In some embodiments, the chip reading device comprises an optical focusing module.
[0036] In some embodiments, the chip reading device comprises an air coil pickup connected
to an RF receiver for receiving the RF signal generated by the microelectronic chip.

[0037] In some embodiments, the chip reading device comprises a field-programmable gate
array (FGPA).

[0038] In some embodiments, the chip ready device comprises a USB microcontroller and
power regulators.

[0039] According to another aspect of the present disclosure, animal marking systems that
incorporate the microelectronic animal identification device are disclosed.

[0040] In some embodiments, the marking system further comprises at least one restraining
device operatively associated with the identification device, wherein the restraining device is
sized and configured for restraining an animal or animal body part thereof and oriented such that
the identification device can deposit a microelectronic chip into the substrate of the animal body
part;

[0041] In some embodiments, the inserter is coupled to an inserter cartridge.

[0042] In some embodiments, the inserter cartridge comprises a reference feature configured to
position the inserter cartridge on the identification device with precision.

[0043] In some embodiments, the reference feature comprises a locating cylinder extending

between two end plates.
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[0044] In some embodiments, the identification device comprises a docking member coupled to
a scotch yoke, the docking member defining a receiving slot extending from a top surface to a
bottom surface of the docking member.

[0045] In some embodiments, the locating cylinder of the reference feature is configured to be
inserted into the receiving slot of the docking member.

[0046] In some embodiments, the two end plates of the reference feature respectively engage
the top and bottom surfaces of the docking member when the locating cylinder of the reference
feature is inserted into the receiving slot of the docking member.

[0047] In some embodiments, the locating cylinder comprises a center bore through which the
inserter extends.

[0048] In some embodiments, the inserter cartridge comprises a locking feature configured to
lock the inserter cartridge onto the identification device.

[0049] In some embodiments, the locking feature comprises a U-shaped flexible locking clip
extending between two ends; each end of the locking clip comprises at least one outwardly
extending locking tooth.

[0050] In some embodiments, the locking clip further comprises a plurality of gripping ribs on
an exterior surface of the locking clip.

[0051] In some embodiments, the locking teeth are configured to abut an end wall of a scotch
yoke of the microelectronic chip implant device when the inserter cartridge is in a mounted
position.

[0052] In some embodiments, the inserter is coupled to the inserter cartridge by means of an
adhesive.

[0053] In some embodiments, the inserter is coupled to the inserter cartridge by molding the
inserter to the inserter cartridge.

[0054] In some embodiments, the inserter is molded from a polymer material.

[0055] In some embodiments, the inserter cartridge is permanently affixed to the identification
device.

[0056] In some embodiments, the inserter cartridge is removable to allow replacement of worn
or damaged inserters.

[0057] In some embodiments, the microelectronic chip implant device comprises multiple
inserter cartridges dimensioned to account for differences in animal substrate size or geometry.
[0058] In some embodiments, the multiple inserter cartridges are pre-mounted onto the
microelectronic chip implant device.

[0059] In some embodiments, the marking system is configured to automatically mount and

dismount the inserter.
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[0060] In some embodiments, the restraining device comprises a spring-loaded tapered v-
groove configured to compensate for differences in size of the marking substrate.

[0061] In some embodiments, the spring-loaded tapered v-groove is modulated to compensate
for differences in size of the substrate body part.

[0062] In some embodiments, the spring-loaded tapered v-groove is assembled in a support
mount, and 1s optionally enclosed within a protective compliant boot.

[0063] In some embodiments, the modulated spring-loaded tapered v-groove comprises a
plurality of independent groove sections, each groove section being articulating and self-
aligning.

[0064] In some embodiments, the marking system is configured to select the inserter and the
configuration of the restraining device based on the size of the marking substrate.

[0065] In some embodiments, the marking system further comprises a measuring gauge
configured to measure the size of the substrate of the animal body part, the measuring gauge
comprising a plurality of measuring slots with incrementally increasing widths.

[0066] In some embodiments, the marking system further comprises a measuring device
configured to measure the size of the substrate of the animal body part by using a laser-
generating device emitting a light curtain beam and a receiver that is incorporated into the
measuring device.

[0067] In some embodiments, the marking system further comprises a forked tool adapted to
engage and compress the locking clip to facilitate removal of the inserter cartridge from the
microelectronic chip implant device.

[0068] In some embodiments, the forked tool is integrated with a measuring gauge comprising
a plurality of measuring slots with incrementally increasing widths.

[0069] In some embodiments, the marking system further comprises a marking device for
depositing a pigment composition into the substrate of the animal body parts.

[0070] In some embodiments, the marking device comprises a marking needle of fixed length
comprising one or a plurality of needle tips.

[0071] In some embodiments, the needle tips are configured to penetrate the epidermis of the
marking substrate and transfer a pigment into the dermis of the marking substrate.

[0072] In some embodiments, the marking system further comprises a media transfer assembly
containing the pigment, wherein the marking device is configured to make a mark by contacting
the pigment prior to the marking substrate.

[0073] In some embodiments, the identification device is operated by a controller to deposit the

microelectronic chip in a proximal to distal direction parallel to the animal tail.
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[0074] In some embodiments, the microelectronic chip implant device is operated by the
controller to implant the microelectronic chip in a distal to proximal direction parallel to the
animal tail.

[0075] In some embodiments, the microelectronic chip implant device is operated by the
controller to implant the microelectronic chip vertical to the animal tail.

[0076] According to another aspect of the present disclosure, a microelectronic chip for
identification of an animal is disclosed. The microelectronic chip comprises a photocell that
provides power to the microelectronic chip, an RF antenna capable of generating an RF signal
that represents an identification number, and a laminated thin-film detector.

[0077] In some embodiments, the laminated thin-film detector is a location detector.

[0078] In some embodiments, the laminated thin-film detector is a movement detector.

[0079] In some embodiments, the laminated thin-film detector is a vital sign detector.

[0080] In some embodiments, the vital sign detector is selected from the group consisting of
heart rate detector, ECG detector, EEG detector, EMG detector, temperature detector, blood
pressure detector, and combinations thereof.

[0081] According to another aspect of the present disclosure, an animal identification system is
disclosed. The animal identification system comprises a microelectronic chip implanted in a
substrate of an animal, the microelectronic chip is photo-activated to generate an RF signal that
represent a first identification number; and a pigment mark imprinted in the substrate of an
animal, the pigment mark representing a second identification number.

[0082] According to another aspect of the present disclosure, an animal identification system is
disclosed. The animal identification system comprises a microelectronic chip implanted in a
substrate of an animal, the microelectronic chip is passively activated by an RF energy source to
generate an RF signal that represent a first identification number; and a pigment mark imprinted
in the substrate of an animal, the pigment mark representing a second identification number.
[0083] In some embodiments, the identification system further comprises a tissue storage
container for containing a sample tissue of the animal, taken from the animal at the time of the
chip implantation and/or at the time of marking, and placed into the storage container, wherein
the tissue storage container comprises a second microelectronic chip configured to an RF signal
that represent the first identification number.

[0084] In yet another embodiment, the identification system further comprises a media transfer
assembly containing the marking pigment, wherein the media transfer assembly comprises a bar-
code that associatively represents the first identification number.

[0085] In some embodiments, the identification system further comprises a media transfer

assembly, wherein a third microelectronic chip is affixed and is configured to an RF signal that
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corresponds to the first identification number, and optionally also includes a secondary bar-

coding reference, for traceability to the manufacturer and manufacturing lot number of, for

example, the assembly and/or the pigment.

[0086] In some embodiments, the identification system further comprises a data management

system for storing and cross-referencing the first, second and third identification numbers.

[0087] These and other aspects and features of the disclosure will be better understood upon

reading the following detailed description in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0088] Figure 1 depicts a microelectronic animal identification device (stand-alone) of the

present disclosure.

[0089] Figure 2 depicts a microelectronic animal identification device (with restraining device)

of the present disclosure.

[0090] Figure 3 depicts a microelectronic animal identification device (with restraining device)

of the present disclosure.

[0091] Figure 4 depicts a microelectronic animal identification device (integrated with marking

system) of the present disclosure.

[0092] Figure 5 depicts a media transfer assembly according to the present disclosure.

[0093] Figure 6 depicts examples of optional axes about which the marking device and/or

robotic arm can be configured to move.

[0094] Figure 7A depicts an exemplary restraining device according to the present disclosure,

particularly showing the restraining device having a first part (broken line) that secures the main

body of the animal and a second part (solid line) that secures the animal body part to be marked;

Figure 7B depicts an exemplary restraining device according to the present disclosure,

particularly showing the positioning of the animal by pushing the main body of the animal in the

direction of arrow; Figure 7C depicts an exemplary restraining device according to the present

disclosure, particularly showing the positioning of the animal by pulling the animal body part to

be marked in the direction of arrow; Figure 7D depicts an exemplary restraining device

according to the present disclosure, particularly showing the securing of the animal body part by

the restraining device.

[0095] Figure 8 depicts an exemplary restraining device according to the present disclosure.

[0096] Figure 9 depicts an exemplary body part plate assembly according to the present

disclosure.

[0097] Figure 10 depicts an exemplary body part plate according to the present disclosure.

[0098] Figure 11 depicts an exemplary protective compliant boot according to the present

disclosure.
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[0099] Figure 12 depicts an exemplary restraining device according to the present disclosure.
[00100] Figure 13 depicts an exemplary restraining device and an exemplary media transfer
assembly according to the present disclosure.

[00101] Figure 14 depicts an exemplary restraining device with domed animal enclosure
according to the present disclosure.

[00102] Figure 15 depicts an exemplary restraining device and an exemplary media transfer
assembly according to the present disclosure.

[00103] Figure 16 depicts an exemplary media transfer assembly according to the present
disclosure.

[00104] Figure 17 depicts filling of a pigment compartment in an exemplary media transfer
assembly according to the present disclosure.

[00105] Figure 18 depicts an exemplary media transfer assembly inserted into an exemplary
body part restraint according to the present disclosure.

[00106] Figure 19 depicts an exemplary marking system according to the present disclosure.
[00107] Figure 20 depicts an exemplary receiving device for the restraint device according to the
present disclosure.

[00108] Figure 21A depicts an exemplary restraining device according to the present disclosure.
[00109] Figure 21B depicts an exemplary orientation of the pigment marking needle tips used
with the restraining device of Figure 21A according to the present disclosure.

[00110] Figure 22 depicts an exemplary robot assembly and controller according to the present
disclosure.

[00111] Figure 23 depicts an exemplary multi-tip needle cartridge assembly used for marking
the animal substrate (e.g.: with a tattoo) according to the present disclosure.

[00112] Figure 24 depicts an exploded view of an exemplary spring loaded tail plate according
to the present disclosure.

[00113] Figure 25 depicts an exemplary robot assembly according to the present disclosure.
[00114] Figure 26 depicts an exemplary robot assembly according to the present disclosure.
[00115] Figure 27 depicts an exemplary robot assembly according to the present disclosure.
[00116] Figure 28 depicts an exemplary body part plate assembly and spring-loaded tail plate
assembly according to the present disclosure.

[00117] Figure 29 depicts an exemplary a body part plate assembly and spring-loaded tails plate
assembly according to the present disclosure.

[00118] Figure 30 depicts an exemplary restraining device according to the present disclosure.
[00119] Figure 31 depicts an exemplary baseplate according to the present disclosure.

[00120] Figure 32 depicts an exemplary baseplate according to the present disclosure.

8
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[00121] Figure 33 depicts an exemplary body part plate assembly according to the present
disclosure.

[00122] Figure 34 depicts an exemplary restraining device comprising a body restraint and a
body part restraint according to the present disclosure.

[00123] Figure 35 depicts an exemplary inserter cartridge in front perspective view according to
the present disclosure.

[00124] Figure 36 depicts an exemplary inserter cartridge in back perspective view according to
the present disclosure.

[00125] Figure 37 depicts an exemplary inserter cartridge in rear perspective according to the
present disclosure, particularly illustrating the upper reference feature.

[00126] Figure 38 depicts an exemplary inserter cartridge in rear perspective according to the
present disclosure, particularly illustrating the lower reference feature.

[00127] Figure 39 depicts an exemplary mounting mechanism for the inserter cartridge
according to the present disclosure.

[00128] Figure 40 depicts an exemplary inserter cartridge in rear perspective according to the
present disclosure, particularly illustrating the locking feature.

[00129] Figure 41 depicts an exemplary inserter cartridge extraction tool according to the
present disclosure.

[00130] Figure 42A depicts an exemplary inserter coupled to an exemplary inserter cartridge
according to the present disclosure.

[00131] Figure 42B depicts an exemplary orientation @ of the inserter needle tip 5b used with
restraining device of Figure 21 A when coupled to the exemplary inserter 5 coupled to an
exemplary inserter cartridge according to the present disclosure.

[00132] Figure 43 depicts an exemplary inserter coupled to an exemplary inserter cartridge
according to the present disclosure.

[00133] Figure 44 depicts an exemplary inserter coupled to an exemplary inserter cartridge
according to the present disclosure.

[00134] Figure 45 depicts an exploded view of an exemplary spring-loaded tail bed particular to
the restraining device comprising modulated tail plate to accommodating the size of the marking
substrate according to the present disclosure.

[00135] Figure 46 depicts an exploded view of an exemplary spring-loaded tail bed particular to
the restraining device comprising modulated tail plate to accommodating the size of the marking
substrate according to the present disclosure, particularly illustrating the modulated tail plate

assembled together.
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[00136] Figure 47 depicts an exploded view of an exemplary spring-loaded tail bed particular to
the restraining device comprising modulated tail plate to accommodating the size of the marking
substrate according to the present disclosure, particularly illustrating the modulated tail plate
assembled together with springs.

[00137] Figure 48 depicts a perspective view of an exemplary spring-loaded tail bed particular
to the restraining device comprising modulated tail plate to accommodating the size of the
marking substrate according to the present disclosure, particularly illustrating the modulated tail
plate assembled in the tail plate base.

[00138] Figure 49 depicts an exemplary measuring gauge according to the present disclosure,
particularly illustrating the optional integration of the measuring gauge and the inserter cartridge
extraction tool.

[00139] Figure 50 schematically depicts an exemplary tail size measuring gauge based on laser
beam according to the present disclosure.

[00140] Figure 51 depicts an exemplary microelectronic chip according to the present
disclosure.

[00141] Figure 52 depicts an exemplary microelectronic chip according to the present
disclosure.

[00142] Figure 53 depicts an exemplary inserter (in partially view) according to the present
disclosure.

[00143] Figure 54 depicts an exemplary chip reading device according to the present disclosure.
[00144] Figure 55 depicts an animal identification system (in partially view) according to the
present disclosure.

[00145] It should be understood that the drawings are not necessarily to scale and that the
disclosed embodiments are sometimes illustrated diagrammatically and in partial views. In
certain instances, details which are not necessary for an understanding of the disclosed apparatus
or method which render other details difficult to perceive may in some embodiments have been
omitted. It should be understood, of course, that this disclosure is not limited to the particular
embodiments illustrated herein.

DETAILED DESCRIPTION OF EMBODIMENTS
[00146] As used here, the following definitions and abbreviations apply.

[00147] As described herein, the term “exemplary” (or “e.g.” or “by example”) means a non-
limiting example. The term “exemplary” is not specifically intended to indicate a preferred
example.

[00148] As described herein, the term “‘bio-safe” means is substantially non-toxic to an animal

when used in the disclosed manner. Determinants of toxicity are known in the art. Optionally,
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toxicity is determined with respect to one of: mortality, effect on overall health, disease state,
perturbation of an animal's normal activities (upon acute and/or chronic exposure), and the like.
[00149] As described herein, the term “body part restraint” means a restraining a device which
immobilizes a body part of an animal. Optionally, a body part restraint immobilizes a substrate
portion of an animal. For example, a body part restraint can immobilize a substrate portion of an
animal by contacting the substrate portion itself, or contacting a different portion of the animal
such that the substrate portion is immobilized.

[00150] As described herein, the term “bio-permanent” means remains in or on an animal for a
substantial duration of the animal’s life.

[00151] As described herein, the term “skin” means the external covering or integument of an
animal body. In one embodiment, it includes subdermal cartilage and/or matrix.

[00152] As described herein, the term “proximal” and “distal” refer to the direction in which the
marking device marks the marking substrate (e.g. tails) of an animal. Specifically, the term
“proximal” refers to the direction towards the animal’s body and the term “distal” refers to the
direction towards the animal’s extremity.

[00153] As described herein, the term “tip length deviation” refers to length uniformity of a
group of co-planar inserter tips, in which “tip length deviation” is the maximum distance
between the common plane and any out-of-plane inserter tip(s).

[00154] As described herein, the term “tip concentration deviation” refers to the X-Y positioning
uniformity of a compact group of inserter tips, in which “tip concentration deviation” is the
maximum distance between the geometric center of the grouped inserter tips and the X-Y
reference feature of the inserter cartridge (e.g. the center axis of the locating cylinder).

[00155] When describing the media transfer assembly of the marking system, the term “lower”
refers to a position relatively closer to the marking substrate, and the term “upper” refers to a
relatively further away from the marking substrate.

[00156] The present disclosure generally provides a microelectronic animal identification device
and an animal marking system that are configured to mark an animal with one or more features.
For example, the mark may in some embodiments be durable, easily applied, relatively non-
invasive, may in some embodiments have a safety profile, low level of cross-read (e.g. less
interference produced by other animals in proximity to each other), and may in some
embodiments be read with a high level of accuracy (e.g. greater than about 80% or greater than
about 90% or greater than about 95% accuracy). In some embodiment, the animals are marked
with at least two features: a microelectronic chip that is photo-activated and configured to
generate an RF signal in response that represents a first identification number, and a pigment

imprint that represents a second identification number. The first and second identification
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numbers can be the same or different numbers, and can be stored in a data management system
for cross-referencing.

[00157] In some embodiments, the animals are marked with at least two features: a
microelectronic chip that is passively-activated by means of an RF source and configured to
generate an RF signal in response that represents a first identification number, and a pigment
imprint that represents a second identification number. The first and second identification
numbers can be the same or different numbers, and can be stored in a data management system
for cross-referencing.

[00158] In addition, the pigment contained within the media transfer assembly may be further
identified with a tertiary identification such as a microelectronic chip or an imprinted bar-code,
providing traceability to the pigment manufacturer, manufacturing lot, raw materials, etc.
[00159] In still other embodiments the animal may additionally be identified by means of a
tissue sample, taken at the time of chip implantation and/or imprint marking, provided with a 3™
microelectronic chip, given a third identification number which can be the same or different
from the first and second identification numbers, and can be stored in a data management system
for cross-referencing.

[00160] In terms of non-limiting examples, the tissue sample can include; a tail snip, a skin
sample, an ear snip, a blood sample, or other comparable extremity tissue sample.

[00161] As illustrated in FIG. 42B, the microelectronic animal identification device according to
the present disclosure includes an inserter needle 5b configured to releasably hold the
microelectronic chip at a distal end of the inserter needle, and an actuator 8 configured to push a
plunger 230 to release the microelectronic chip 300 from the inserter needle 5b when the distal
end of the inserter needle 220 is inserted into a substrate of an animal body part. The
microelectronic chip 300 is a stand-alone device in some embodiments. In some embodiments
the microelectronic chip is integrated into a marking system.

[00162] Turning to FIG. 4, the visual identification (pigment tattooing) device 3 is integrated
into a marking system 1, which further includes a restraining device 2 and a controller 4. In
operation, the restraining device 2 immobilizes a marking substrate of an animal body part,
while the controller 4 operates the identification device 3 to make a readable mark on the
marking substrate, such as by depositing a pigment under the skin of the marking substrate, as
described in greater detail below.

Microelectronic Identification Device

[00163] As discussed above, the visual identification device 3, illustrated in FIG. 4 of the
present disclosure, in some embodiments deposits a microelectronic chip 300, as illustrated in

FIG. 53 into a substrate (e.g. dermis) of an animal’s body part, such as a mouse tail. To that
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end, the visual identification device 3 includes an inserter (needle) 5b as illustrated in FIG. 42B,
configured to releasably hold the microelectronic chip 300 at a distal end of the inserter needle
5b (illustrated in FIG. 53), and an actuator 8 is configured to push a plunger 230 to release the
microelectronic chip 300 from the inserter needle lumen 221 when the distal end 220 of the
inserter needle 5b is inserted into a substrate of an animal body part.
[00164] In some embodiment, the inserter is described in U.S. Patent Application Publication
No. 2011/0077659, incorporated herein in its entirety. In some embodiment, the microelectronic
chip 300 and a chip reading device 128 as illustrated in FIG. 50 is disclosed in U.S. Patent No.
7,098,394, incorporated herein in its entirety; and in U.S. Patent Application Publication No.
2003/0062988, incorporated herein in its entirety.
[00165] The identification device 3 in some embodiments includes a robot assembly 42 that is
driven by a controller, and an inserter 5 operatively associated with the robot assembly 42.
[00166] In one embodiment, the robotic assembly 42 described herein is meant to embrace any
robotic configuration that allows positioning of the inserter 5, whereby actuation of the inserter 5
marks the substrate. In another embodiment, a robotic assembly positions the inserter 5 along a
y- axis and an R axis. In a further embodiment, the robotic assembly 42 operates or controls
operation of the inserter 5, for example, by actuating the inserter 5 to mark the marking
substrate. In another embodiment, the robotic assembly 42 positions the inserter 5 along a Y-
axis, a theta axis, and along an R axis.
[00167] The robotic assembly 42 (in combination with one or more actuators) may in some
embodiments be configured to position a inserter 5 along any axis. For example, in one
embodiment, the robotic assembly 42 can position the inserter 5 along a linear axes (e.g. Y
and/or R), rotational axes (e.g. theta), or a combination thereof.
[00168] With the teachings provided herein, the skilled artisan can readily produce robot
assemblies 42 that enable a inserter 5 to move about a desired axis. For example, in one
embodiment, the inserter 5 moves about a linear axis by providing a linear track or can move
about any other axis (e.g. rotational axis) by providing a track that follows the desired axis. As
another example, in one embodiment, the inserter 5 moves about a rotational axis by providing a
radial arm (e.g. an arm that extends from a pivot point). As another example, in one
embodiment, the inserter 5 moves about a linear axis by providing a piston coupled to a crank
pin. As another example, in one embodiment, the inserter 5 moves about a linear axis by
providing a rack and pinion mechanism (where the marking device is attached to a linear rack
portion). As another example, in one embodiment, the inserter 5 moves about a non-circular
curved axis by providing a rack and pinion mechanism (where the marking device is attached to.

the rack portion and the rack/pinion combination is configured therefore). As another example,
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in one embodiment, the inserter 5 moves about a rotational axis by providing a rack and pinion
mechanism (where the marking device is attached to a circular pinion portion or where the
marking device is attached to the rack portion and the rack portion is a circular shape). As
another example, in one embodiment, the inserter 5 moves about a curved axis by providing a
crank-slider mechanism (where the slider is a pivoting slider).
[00169] The robotic assembly 42 comprises at least a first actuator (also referred to herein as a
'marking actuator') that causes the identification device to deposit the microelectronic chip on
the substrate, 1.e. that 'actuates for making a mark’, as used herein. The robotic assembly 42 in
one embodiment, further comprises one or more additional actuators for positioning the robotic
arm (and marking device) on or about the substrate prior to making a mark on the substrate
and/or homing or otherwise disengaging the identification device thereafter.
[00170] In one embodiment, the actuator(s) are any type of actuator, for example, a motor, voice
coil, screw, piezoelectric device, solenoid, or pneumatic pump. Useful motors include, for
example, stepper motors and servo motors. In one embodiment, the actuator is a linear actuator
(e.g. Y axis actuator), a rotational actuator (e.g. theta axis actuator), or an actuator that converts
from rotational to linear motion or vice-versa (e.g. of the piston type). The actuator (e.g.
marking actuator) can cause a robotic arm or identification device thereof to move in a constant
motion or a reciprocating motion.
[00171] The actuator (e.g. motor) may in some embodiments be optionally controlled by a
feedback mechanism, for example, a feedback mechanism that provides positional information
of the robotic arm or identification device thereof. Optionally, a feedback mechanism is external
to the actuator and comprises a flag fixed to a robotic arm or identification device and a sensor
fixed in position with respect to a restraining device (or vice-versa). For example, one or more
flags can be provided for each axis of movement such that the marking device can be properly
positioned. Optionally, the robot assembly 42 comprises a "substrate" flag (or multiple substrate
window flags) on a robotic arm (e.g. an arm actuated by a second actuator), wherein the
substrate flag is positioned such that the flag detected by a sensor when the robotic arm has
positioned identification device about the substrate (in position for marking). A marking actuator
(first actuator) can then be actuated to make a mark (e.g. controlled by a servo motor coupled to
an identification device by a reciprocating piston).
[00172] Optionally, a feedback mechanism is internal to the actuator. For example, in one
embodiment a servo motor is used to provide an actuator (e.g. a first actuator). Generally, a
servo motor includes a motor, a feedback device, and a drive. The motor operates on direct
current, and is typically hotter and smaller than other motors producing a comparable amount of

torque. The feedback device is often an encoder or resolver (e.g. 32 count encoder) mounted on
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the back of the motor, and the feedback device reports performance information such as motor
position and motor speed back to the drive. The servo motor's drive provides current to the
motor, and the drive can include a programmable control device (e.g., a controller) which
dictates the current in response to the feedback from the feedback device. A servo motor can be
controlled by an algorithm such as the proportional-integral-derivative (PID) algorithm. In one
embodiment, a servo motor provides properties when used in an actuator (e.g. coupled to an
identification device through a reciprocating piston such as a scotch yolk assembly).

[00173] Among other various properties taught herein, a servo motor can optionally be provided
as a marking actuator to impart a marking system with the ability to stop the identification
device's motion at a position that reduces the amount of motion needed by the robotic arm to
change positions. For example, a identification device can be fixed to a piston which is coupled
to servo motor for reciprocating up/down "marking" motion of the identification device, and the
servo motor can be operated with such precision that the inserter can stop cyclical movement at
top dead center (e.g. upon completion of a mark or a character thereof). This feature eliminates
the possibility of dragging the identification device (e.g. inserter) on the marking surface without
the use of global upward (or Z-axis) movement of the robotic arm itself (e.g. by a second
actuator).

[00174] In one embodiment the actuator for marking a substrate actuates the identification
device 3, and optionally, the robotic assembly 42 along one or more axes or around or about one
or more points in space. Optional axes include linear axes and rotational axes, as depicted in
Figure 6 (note that the R axis is defined relative to Theta and Phi and is parallel with the Z axis
when Theta and Phi are both equal to zero). Although not depicted in the figure, other optional
axes include those that are defined relative to (e.g. normal to) theta and psi or psi and phi.
[00175] The skilled artisan will recognize that certain exemplary axes are defined relative to
each other in robotic assemblies 42 of marking systems taught herein. For example, although
certain descriptions and figures set forth the Z axis as the vertical axis, the skilled artisan will
appreciate that this is done to illustrate the invention.

[00176] In one embodiment, an actuator actuates movement along a single axis. In another
embodiment, an actuator actuates movement along a plurality of axes. Optionally, the
identification device and/or robotic arm is capable of moving on plurality of axes, wherein
movement along each of a plurality of axes is controlled be a different actuator.

[00177] Although the invention contemplates a marking system in which the identification
device 3 and/or robotic assembly 42 is capable of moving on one, all, or less than all of the axes
defined by Figure 6 (e.g. independent of other axes). In such embodiments, the identification

device 3 can be actuated for making a mark by an actuator that does not move the robotic
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assembly 42, i.e. does not move the robotic assembly 42 other than the identification device 3
(e.g. by placing the actuator between the arm and the identification device), for example, for
providing precision movement of the identification device and/or reduced wear on the actuator
compared to an actuator that moves both the identification device 3 and robotic assembly 42
simultaneously.

[00178] Useful robot assemblies 42 of the present invention can an actuator that causes a inserter
5 (of the identification device 3) to contact the substrate. Optionally, the actuator causes a
marking member to pierce the substrate (e.g. to inject a tattoo). For example, the inserter can
enter the skin and exit the skin along the same path, for example, by retracting from the skin,
minimizing spread of the mark and tissue damage.

[00179] In one embodiment, the robotic assembly 42 comprises at least a first actuator that
actuates the marking device for marking a mark (e.g. R or Z axis), and further comprises at least
a second actuator (e.g. X, Y, Z, Phi, or theta axis) for positioning the robotic arm (and marking
device). Optionally, the first actuator(s) is/are connected between the robotic arm and the
marking device. This configuration allows more rapid placement of the identification device (i.e.
position and angle ® with respect to the body part to be marked) as illustrated in FIG. 42B, more
accurate and discrete marking, and/or less wear on the marking actuator (e.g. as depicted in
Figure 1 and Figure 25). Such a robot assembly is optionally combined in a marking system with
a body part restraint, such as a body part plate assembly. For example, such a robot assembly 42
1s useful in combination with body part (e.g. tail) plate assembly 20 with conformative biasing
means 46 and/or one or more operation windows 19.

[00180] In one embodiment, the robot assembly 42 comprises first and second actuators and the
first actuator(s) actuates the marking device along the R or Z axis and the second actuator(s)
actuates the marking device (and robotic arm) along the X, Y, Z, Phi, or theta axis. For example,
the first actuator can actuate the marking device for making a mark along the R axis and the
second device can actuator the marking device along the theta axis. Optionally, the first actuator
comprises a servo motor (e.g. PID controlled) coupled to a piston (e.g. scotch yolk).

[00181] In one embodiment, the robot assembly 42 comprises first and second actuators and the
first actuator(s) actuates the marking device along the X, Y, Z, or theta axis and the second
actuator actuate(s) the marking device along the X, Y, Z, or theta axis.

[00182] In one embodiment, the robot assembly 42 comprises first, second, and third actuators
and the first actuator(s) actuates the marking device along the R or Z axis, the second actuator(s)
actuates the marking device (and robotic arm) along the X or theta axis, and the third actuator(s)
actuates the marking device (and robotic arm) along the Y or Phi axis. Optionally, the first

actuator comprises a servo motor (e.g. PID controlled) coupled to a piston (e.g. scotch yolk).
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[00183] In some embodiments, as illustrated in FIGS. 42A — 44 and 53, the actuator(s) of the

robot assembly 42 are configured to deposit the microelectronic chip 300 into a cylindrical
lumen, conical substrate or needle, 5b. To deposit the microelectronic chip, the inserter 5 is
actuated to penetrate epidermis, and continues into the dermis of the marking substrate where
the microelectronic chip 300 is deposited before the inserter returns.

[00184] To transfer the microelectronic chip 300 into the dermis with less load force on the
inserters and less discomfort to the animal may require the use of sharp inserter tips 220.
Depending on the number of tattoos produced or chips inserted, inserters may need to be
replaced periodically. Inserters may also require replacement in those cases where cross-
contamination between animal populations must be prevented and inserter sharing is not
permissible. In other instances, if inserters become damaged (e.g. the tips become bent), they
need to be replaced. Regardless of the reason behind the need to change inserters, it is preferred
that the design be such that the replacement is easily done by the user of the pigment tattooing
system. Most noteworthy however is that it is desirable that in making a inserter change,
minimum compromise be made in the repeatability of the inserter tip length deviation and
inserter tip concentration deviation with respect to the marking device, particularly if no closed-
loop feedback relative to the inserter tip penetration and lateral positioning into the dermal layer
1s provided.

[00185] In order to repeatably position the inserter 5 during inserter replacement, the
identification device 3 may include a inserter cartridge 92 to which the inserter 5 may in some
embodiments be accurately coupled. Turning now to FIGs. 35-38, a non-limiting exemplary
embodiment of the inserter cartridge 92 is illustrated, including a reference feature 93 configured
to precisely mount the inserter cartridge 92 onto the marking device.

[00186] As illustrated in FIGs. 35-38, the reference feature 93 of the inserter cartridge 92
includes a locating cylinder 94 having a cylindrical surface that is at least partially exposed. The
locating cylinder 94 extends between two end plates (95, 96). As illustrated in FIG. 39, the
inserter cartridge 92 may be mounted to the identification device 3 through a docking member
97 that is coupled to a scotch yoke 102 of the identification device 3. The docking member 97
defines a receiving slot 98 extending between a top surface 99 and a bottom surface 100.
[00187] To mount the inserter cartridge 92, the locating cylinder 94 is inserted into the receiving
slot 98 of the docking member 97 until its cylindrical surface conformingly engages a terminal
end 101 of the receiving slot 98. With the locating cylinder 94 in place, the two end plates (95,
96) also conformingly engage the top and bottom surfaces (99, 100) of the docking member 97,
thereby completely fixing the position of the inserter cartridge on the docking member. As a

result, if the inserter cartridge 92 needs to be replaced during a marking process, the replacement
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inserter cartridge can be precisely mounted in the same position for continued marking without
significantly affecting the consistency and overall quality of the marks produced.

[00188] In a refinement, the locating cylinder 94 may also provided housing to the inserter 5.
For example, the locating cylinder 94 may include a center bore in which the inserter 5 may be
positioned using fixturing and fixed into place using an adhesive such as an epoxy.

[00189] Alternatively, the inserters 5 may in some embodiments be positioned and fixed in place
by molding the locating cylinder 94 about the inserter 5. This can be achieved according to
known processes in the injection molding industry where threads, pins, and even inserters are
inserted into a mold cavity and a surrounding housing is injection molded into place.

[00190] In addition to the reference feature 93 described above, the inserter cartridge 92 may
further include a locking feature 105 configured to lock the inserter cartridge 92 onto the
identification device 3. Still referring to FIGs. 35-38, the locking features 105 of the inserter
cartridge 92 may include a locking clip 106 having a flexible U-shaped sidewall 107 extending
between two ends (108, 109). Each of the two ends (108, 109) includes at least one outwardly
protruding locking teeth 110. The locking clip 106 further includes a plurality of optional
gripping ribs 111 disposed on an exterior surface 112 of the U-shaped sidewall 107.

[00191] To lock the inserter cartridge 92, the scotch yoke 102 of the identification device 3
includes a receiving opening 113 extending between front and back surfaces (114, 115), as
illustrated in FIG. 39. When the reference feature 93 of the inserter cartridge 92 is received in
the docking member 97, the locking tooth 110 is pressed toward each other as they are inserted
through the receiving opening 113 of the scotch yoke 102. The inserter cartridge 92 is
dimensioned so that the locking teeth 110 of the locking clip 106 clears the back surface 115 of
the receiving opening 113 when the locating cylinder 94 is conformingly received in the
receiving slot 98 of the docking member 97. Due to the outward biasing force of the locking
clip 106, the locking tooth 110 remains firmly engaged to the back surface 115 of the receiving
opening 113, thereby locking the inserter cartridge 92 onto the identification device 3.

[00192] One feature of the disclosed marking system is deposition of pigment with improved
depth precision, such as by using the restraining device 2 and/or identification device 3 disclosed
herein. For purposes of tattooing a mouse tail, the identification device 3 may need to drive the
inserter 5 to the desired dermal layer depth, for example, 150-250 microns for young mice, and
200-300 microns for adult mice.

[00193] In one embodiment, the marking system comprises inserters that are capable of
penetrating the marking substrate epidermis and transfer the pigment from the inserter into the

dermal layer.
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[00194] In one embodiment, the marking system is configured to deposit a pigment into the

marking substrate at a depth of;

a. 150-250 microns for young mice.
b. 200-300 microns for adult mice.
C. 200-250 microns regardless of the age of the mice.

[00195] To meet this depth requirement and to produce a mark of sufficient font size to be
legible to the unaided eye, the mark character must partially wrap the circumference of the tail
and be at the target depth. This latter circumferential depth requirement may in some
embodiments be achieved by pivoting the inserter 5 during the tattooing process about an arc
whose center 1s coincident with the center of the mouse tail diameter, thus keeping the
identification device normal to the surface of tail at all times. Maintaining the tattoo depth
therefore is attained by programming the system processor to control the position of the robotic
assembly 42 (whereon is attached the inserter 5), and providing a mounted inserter having a
length controlled to +25 microns and lateral centering within +£125 microns with respect to its
pivoting axis.

[00196] It is conceivable that an inserter cartridge 92 can in some embodiments be alternatively
designed to mount directly to the identification device 3 and forego the reference and/or locating
features (93, 105). This configuration can be suitable and sufficient for low-volume tattooing
requirements.

[00197] In the case of high-volume throughput requirements, it may be desirable to design a
system wherein multiple inserter housings are mounted into, for example, a turret, which the
marking system can in some embodiments access in order to replace inserters upon command, or
on a preprogrammed basis.

Restraining Device

[00198] The restraining device, useful according to the present disclosure, is any device that can
restrain the body part of an animal to be marked. For example, in one embodiment the
restraining device has a first part useful for restraining the main body of the animal, and a
second part useful for restraining and presenting the body part to be marked to the identification
device. Useful restraining devices include those that do not kill, harm, or cause undue duress or
stress to the animal. Further useful features of the restraining device include said device’s
ability to compensate for variations in taper, girth, and/or other abnormalities of the tail.

[00199] In one embodiment, the marking system comprises one restraining device having a
spring-loaded tapered v-groove to support the underside of the tail during marking and that is
used to compensate for differences in size of the substrate body part while still enabling the

marking system to maintain the target pigment depth of the marking.
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[00200] In one embodiment, the marking system comprises a plurality of restraining devices
each having a spring-loaded tapered v-groove of varying size to support the underside of the tail
during marking and that are used to compensate for the range of differences in size of the
substrate body part while still enabling the marking system to maintain the target pigment depth
of the marking.

[00201] In one embodiment, the restraining device is comprised of a one-piece spring-loaded
plate having a tapered v-groove supporting the substrate body part.

[00202] Optionally, the one-piece spring-loaded tapered v-groove plate is additionally enclosed
within a protective compliant boot.

[00203] In one embodiment, the restraining device is comprised of a modulated spring-loaded
plate that includes multiple independently articulating self-aligning spring-loaded, tapered v-
groove sections, the combination of which comprise the tapered v-groove plate supporting the
substrate body part.

[00204] Optionally, the multiple spring-loaded tapered v-groove sections are additionally
enclosed within a protective compliant boot.

[00205] Turning now to non-limiting examples of the restraining device 2, and with particular
reference to FIG. 8, which illustrates a restraining device 2 that utilizes a body part cleat 10 that
may in some embodiments provide rapid and secure immobilization of an animal or body part
thereof. The body part (e.g. tail) cleat 10 includes opposing members 11 and 12. The body part
cleat 10 further includes a biasing member 13, such as a spring, that biases the opposing
members 11, 12 against each other, thereby restraining the body part (e.g. tail) from longitudinal
or Y axis movement, when the body part is inserted and secured between the opposing members
11, 12. As illustrated, the body part cleat 10 in one embodiment is positioned proximal to the
trunk of a mouse.

[00206] As illustrated in FIG. 8, the body part cleat 10 may in some embodiments include finger
tabs 74 such that the user loads and releases the body part with a single hand and in a single
motion. Although the body part cleat 10 is depicted has having opposing members 11, 12 which
slide about each other (a sliding cleat), the body part cleat can alternatively be provided in other
configurations (e.g. as described herein).

[00207] Referring now to FIGs. 9-11, the restraining device 2 may in some embodiments
include a body part plate assembly 20 that may in some embodiments provide rapid and secure
immobilization of an animal or body part thereof. As illustrated, the plate assembly 20 includes
a top plate 15 and an adjustable(e.g. spring-loaded) bottom plate assembly 16, which cooperate
with each other to precisely orient the top surface of the marking substrate (e.g. tail or other

body part) relative to the identification device 3. For example, the top surface of the marking
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substrate may be secured between the top plate 15 and the adjustable bottom plate assembly 16
in a horizontal position (or at a desired angle or along a desired axis or other orientation).
[00208] In a refinement, the top plate 15 may also be adjustable. For example, adjustment of the
final angle or orientation of the top surface of the marking substrate may in some embodiments
be achieved by adjusting the angle of top plate 15.

[00209] Turning now to the exploded view of Figure 24, the adjustable bottom plate assembly
16 includes a bottom plate 47 and biasing means 46, such as springs or other conformative
biasing means or other elastic- biasing means, for example, to press the bottom plate 47 (with
marking substrate supported therein) against the top plate 15, as depicted in Figure 9 and Figure
33. When using conformative biasing means such as springs 46 (e.g. under all four corners of
plate 47), the spring loaded bottom plate 47 conforms to the angle of the bottom surface of the
marking substrate as it opposes the top plate 15, as depicted in Figure 33. As depicted in Figure
24, the adjustable bottom plate assembly 16 in some embodiments optionally includes a mount
48 for support and/or include a boot 49 (e.g. made of rubber or other non-rigid material) to
translate the motion of the bottom plate 47 without exposing the underlying mechanism (e.g. the
bottom plate 47 and the biasing means 46) to dirt and debris, allowing easier cleaning and
reducing contamination.

[00210] Turning now to FIGs. 10-11, the top plate 15 may include operation window(s) 19 to
allow the operator and/or the identification device 3 to access the marking substrate or other
restrained body part while holding its position. As illustrate in FIG. 11, in the case of a conical
(or other tapered) marking substrate such as a tail, the spring loaded bottom plate 47 can be
provided with a tapering v-groove 18, e.g., at an angle of 90 degrees or greater, to center various
cone diameters. In a further embodiment illustrated in FIG. 10, the top plate may also include a
radial groove 17 large enough to accommodate the largest conical body part that will be
restrained. It is contemplated that these opposing features (v-groove 18 of spring-loaded tail
plate 16 and radial groove 17 of top plate 15) may cooperatively center the marking substrate
along the longitudinal axis of the v-groove 18 and radial groove 17 while secure the marking
substrate evenly between the top plate 15 and bottom plate 47. In one embodiment, marks made
on a marking substrate restrained by such a body part plate assembly 20 have improved
precision, for example, because the plate assembly 20 restrains the substrate portion of the body
part such as tail 14 from movement along the X, Z, and/or R axes.

[00211] In another embodiment, the bottom plate 47 and the tapered v-groove 18 formed thereon
may be modulated to further enhance the security and precision provided by the body part plate
assembly 20. Referring now to FIGs. 45-48, the modulated bottom plate 47 includes a plurality

of bottom plate sections each including a section of the tapering v-groove 18. As illustrated in
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FIG. 45, the modulated bottom plate 47 includes three bottom plate sections (47a, 47b, 47¢).

Each of those sections includes a section of the tapering v-groove 18 (18a, 18b, 18c,
respectively). It is to be understood that the number of bottom plate sections may be dependent
on the nature of the marking substrate, the dimension of the of the body part plate assembly 20,
and should not be limited to the non-limiting examples illustrated in FIGs. 45-48. For example,
the bottom plate 47 may include two or more than three bottom plate sections in other
embodiments of the present disclosure.

[00212] Still referring to FIG. 45, each of the bottom plate sections (47a, 47b, 47¢) may be
provided with biasing means (46a, 46b, 46¢), such as springs or other conformative biasing
means or other elastic-biasing means. Such a modulated configuration allows each of the
tapering v-groove sections (18a, 18b, 18c) to be independently articulating and self-aligning,
thereby further enhancing the security and precision provided by the body part plate assembly
20. As illustrated in FIGs. 46-48, the modulated bottom plate 47 in some embodiments may be
assembled in a mount 48 for support. Moreover, the modulated bottom plate 47 in some
embodiments may include a boot 49 (e.g. made of rubber or other non-rigid material) to translate
the motion of the bottom plate sections (47a, 47b, 47¢) without exposing the underlying
mechanism (e.g. the modulated bottom plate 47 and the biasing means 46) to dirt and debris,
allowing easier cleaning and reducing contamination.

[00213] Referring now to FIGS. 21A & 21B the restraining device may in some embodiments
also utilize a body restraint 22 to further secure the animal. The body restraint 22 may in some
embodiments be provided on a support, such as a baseplate 21. The body restraint 22 is sized to
house an animal (or abdominal portion thereof) and comprises a body part port 43 sized to allow
a body part comprising the substrate (e.g. tail) to be withdrawn from the body restraint 22 while
the trunk of the animal remains in the body restraint 22.

[00214] The body restraint 22 in some embodiments is configured in any shape or size that
restrains the trunk of the animal, prevents the animal from swiveling its head to harm (e.g. bite)
itself, and/or prevents the animal from contorting or pivoting about its body part (e.g. tail). The
restraint in some embodiments further comprise reversible fixing means such as magnets for
securing the restraint to a baseplate or other surface such as a lab bench (e.g. stainless steel table
top).

[00215] It will also be noted that the body restraint and the body part port position the animal
tail in the proper orientation for the pigment marking needle.

[00216] Turning now to FIG. 34, the restraining device 2 may in some embodiments include a

body restraint 22 and a body part cleat 10.
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[00217] Figure 34 depicts a useful restraining device 2 of the present invention. In one
embodiment, the body restraint 22 comprises reversible fixing means such as magnets 85. For
example, magnets 85 can be secured to a metal table top, or can be specifically patterned to
correspond to a pattern of magnets 78 on a baseplate 21, as depicted in Figure 32.

[00218] The body part cleat 10 may in some embodiments be fixed to the body restraint 22 such
that the user can hold the entire restraining device in one hand with fingers (e.g. a thumb and an
index finger) depressing tabs 74 of the body part cleat 10 to separate opposing members 11, 12
from each other. The user can then simultaneously restrain both trunk and the body part (e.g.
tail) of the animal (e.g. mouse) simply by placing the restraining device over the animal such
that the body part is positioned between opposing members 11, 12, and then releasing his fingers
from tabs 74.

[00219] In one embodiment, such a restraining device 2 optionally provides rapid but secure
immobilization of an animal. In one embodiment, such a configuration allows a user to operate a
second restraining device with a second hand, to simultaneously restrain two animals.

[00220] Referring now to FIG. 12, the restraining device 2 may in some embodiments include a
body part plate assembly 20 and a body part cleat 10. In particular, the restraining device 2 may
in some embodiments include a tail cleat 10, as illustrate in FIG. 8, and further comprises a tail
plate assembly 20, as illustrated in FIGs. 9-11. The tail cleat 10 restrains the tail (or substrate
portion thereof) from moving longitudinally (e.g. along the Y axis) while the tail plate assembly
20 restrains the tail (or substrate portion thereof) from moving laterally and/or vertically (e.g.
from movement along the X, Z, and/or R axes). In one embodiment, marks made on a substrate
restrained by such a restraining device 2 are characterized with enhanced precision.

[00221] Although the components of the restraining device 2 are in other embodiments directly
supported by a primary baseplate 19 of the marking system 1 (FIG. 19), the components of the
restraining device 2 can be supported by a baseplate 21 that is detachable from (reversibly fixed
with respect to) the marking system 2. Such a configuration allows for rapid and consistent
(error-free) loading and unloading of an animal into the restraining device 2. In addition, such a
configuration allows the marking system 1 to independently accommodate multiple restraining
devices 2 so that the marking system 1 can mark a first animal in a first restraining device while
the user loads a second animal in a second restraining device, thereby reducing the time required
for marking a batch of animals.

Tail Gauge

[00222] The marking system of the present disclosure may in some embodiments further include
an optional measuring device 125 to measure the size of the marking substrate. For example,

the measuring device 125 may in some embodiments be a mechanical gauge 126, such as a tail
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gauge, that can be used to measure the girth of a mouse tail for purposes of determining the
appropriate restraining device and inserter necessary to achieve the appropriate depth of dermal
layer placement of the marking pigment. An actual girth measurement is a more accurate and
repeatable means of determining the appropriate restraining device and inserter combination
than say age or weight of the animal. The girth of the tail at a particular age or weight will vary
greatly depending on a number of factors, for example strain of mouse, gender, diet, litter size,
etc.

[00223] In one embodiment, the girth of the mouse tail nearest the body is used to determine the
optimal combination of inserter length and supporting v-groove in the restraining device to
satisfy the marking target depth.

[00224] In one non-limiting embodiment illustrated in FIG. 41, the girth of the substrate body
part is measured using a tail gauge 126 having a plurality of grooves 127 with incrementally
increasing widths that correspond to the optimal combination of inserter length and restraining
device.

[00225] Optionally, the grooves 127 of the tail gauge are or are about 0.094”, 0.105”, 0.115”,
0.128”, and 0.140” in width, each approximately corresponding to the age and weight ranges of

mice shown in the table below.

Groove Width Mouse
(in.) (mm) Weight (grams) Age (weeks)
0.094 2.39 <8 <2
0.105 2.67 8-10 2-3
0.115 2.92 11-15 3-4
0.128 3.25 16-22 4-5
0.140 3.56 23-30 5-6

[00226] Optionally, the measurement is made manually by the user lowering the grooved gauge
over the tail nearest the body of the mouse, and finding the smallest groove 127 that fits (i.e.
drops) comfortably over the girth of the tail.

[00227] The girth measurement may in some embodiments alternatively be made in non-contact
fashion by the marking system. In one embodiment, the marking system includes a laser-based
measuring device 128 that measures the girth of the body part by using a laser light curtain and a
receiver that is incorporated into the system, as schematically illustrated in FIG. 50.

[00228] In a refinement of this embodiment, the measurement is made manually, by the user
introducing the body part into the path of the light curtain.

[00229] In another refinement of this embodiment, the measurement is made automatically by
breaking the path of the light curtain when the user introduces the restraining device into the
marking system.
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Cartridge Removal Tool

[00230] A cartridge removal tool 130, useful according to the present disclosure, may be
optionally provided to remove the inserter cartridge 92 from the identification device 3. For
example, when the inserter cartridge includes locking clips (e.g. pinch arms) that enable easily
pushing-on and locking the inserter cartridge into place, the marking system may include an
appropriately sized forked tool 130 for removal of the cartridge housing from the identification
device, as illustrated in FIG. 49.

[00231] Optionally, the forked tool 130 may be integrated with measuring tail gauge 126 used to
determine the girth of the substrate body part, as illustrated in FIGs. 41 and 49.

System Controller

[00232] In one embodiment, the controller 4 described herein is any controller that is able to
control the position/movement of the robotic arm relative to the robot assembly and/or for
actuating the identification device, for example a computer or microprocessor, or computer-
interfacing device.

[00233] The present invention contemplates a computer program (e.g. recorded on a computer
readable medium) comprising instructions for manipulating a robotic assembly to perform a
function or method taught herein.

[00234] The controller manipulates the robotic assembly 42 to position the identification device
3 about the substrate and mark the substrate. The controller 4 can determine the position of
substrate by existing instructions that informs the controller of the substrate's position.

[00235] In one embodiment, the controller 4 contains a program that is responsive to one or
more feedback mechanisms (e.g. sensors).

[00236] In another embodiment, the controller 4 contains an algorithm such as PID to control
one or more servo-based actuators (e.g. marking actuators).

[00237] The system controller 4 provides positioning and character mapping instructions to the
inserter for producing the desired substrate marking. The direction of inserter travel relative to
the substrate to be deposited can influence the results in some embodiments. In some
embodiments, the identification device is operated by a controller to deposit the microelectronic
chip in a proximal to distal direction parallel to the animal tail. In some embodiments, the
microelectronic chip implant device is operated by the controller to implant the microelectronic
chip in a distal to proximal direction parallel to the animal tail. In some embodiments, the
microelectronic chip implant device is operated by the controller to implant the microelectronic

chip vertical to the animal tail.
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Marking Device
[00238] The marking system further includes a marking device to deliver a pigment to the
marking substrate in some embodiments. The marking device and media transfer assembly are
described in U.S. Provisional Application Nos. 61/637,767 and 61/239,430, both incorporated
herein in entirety.
Animal Identification System
[00239] In practice, one embodiment of the process flow for independently combining the
independent visual and electronic identification methods is diagrammatically illustrated in FIG.
55. In the flow diagram, a mouse may be selected for microelectronic chip implantation (i.e.
tagging) as early as 5 days of age. The implantation would be achieved by means of either a
manual or automated chip inserter instrument. Once tagged, the chip remains with the animal
for the duration of its life.
[00240] In the case where the animal needs to be genotyped, a tissue sample may also be taken
concurrently with the animal being tagged. The genotyping analysis is typically done at an
independent laboratory, thus traceability of the sample needs to be tied to the tag implanted in
the animal. The tissue sample may be collected in, for example a vial or a 96-well microtiter
plate. The sample collection container may be tagged with a similar microelectronic chip, and
both the animal and the container may be scanned to upload and associatively link the two
identification numbers within the colony management software.
[00241] After genotyping, those animals that meet the test criteria are identified and reconciled
or registered in the colony management software. These may proceed to be additionally
identified with a permanent visual identification mark. Those not meeting the genotyping test
criteria may or may not require a permanent visual identification mark.
[00242] For those animals requiring a permanent visual identification mark, this would be
completed by introducing the animal into the automated tattoo system where either an external
or integrated chip reader would read the animal tag. The identification management software
would recognize the tag number from the post-genotyping reconciliation step, and assign an
alpha-numeric visual identification number to be tattooed onto the animal. The alpha-numeric
tattoo identification might or might not be the same, or a subset of, the electronic tag number,
suffice the visual and electronic numbers would ever-after be associated via the identification
management software.
[00243] In a further embodiment, the media transfer assembly containing the tattoo ink used to
mark the animal may also be tagged as part of its manufacturing process using a similar
microelectronic chip or an implanted bar-code in order to provide traceability and validation of

all substances that come into contact with, or that is applied to, the animal.
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Animal Identification Device and System
[00244] Provided herein is a microelectronic animal identification device 3 comprising an
inserter 5 configured to releasably hold a microelectronic chip at a distal end of the inserter tip
5b, and an actuator 8 configured to release the microelectronic chip 330 from the inserter tip 5b
when the distal end of the inserter tip is inserted into a substrate of an animal body part, wherein
optionally, the animal 9 is a mouse, a rat, or a rodent; optionally, the body part is a tail 14; and
optionally, the substrate is dermis.
[00245] In some embodiments, the device further comprises a controller 4 configured to control
position of the inserter 5 and to actuate the actuator 8 to push the plunger 230 to implant the
microelectronic chip 300 into the substrate of the animal body part.
[00246] In some embodiments of the identification device, the actuator is manually operated.
[00247] As illustrated in FIG. 53, in some embodiments of the identification device the inserter
tip 5b terminates into a sharp tip 220 capable of piercing into the substrate of the animal body
part.
[00248] In some embodiments of the identification device, the inserter tip 5b is configured to
retain the microelectronic chip 300 in proximity of the sharp tip 220.
[00249] In some embodiments of the identification device, the inserter comprises a tubular body
defining a lumen 221 configured to securely retain the microelectronic chip at a distal end of the
lumen.
[00250] In some embodiments of the identification device, the lumen 221 is dimensioned to
limit the movement of microelectronic chip 300 at the distal end of the lumen.
[00251] In some embodiments of the identification device, the lumen 221 has a diameter that is
slightly larger than a cross-sectional profile of the microelectronic chip 330.
[00252] In some embodiments of the identification device, the distal end of the lumen 221 is
dimensioned to approximate the cross-sectional profile of the microelectronic chip 300.
[00253] In some embodiments of the identification device, the microelectronic chip 300 is
secured to the end of the lumen 5b with a biosafe adhesive.
[00254] In some embodiments of the identification device, the tubular body terminates into a
sharp tip 220 extending distally beyond the microelectronic chip 300.
[00255] In some embodiments of the identification device, the microelectronic chip 300 includes
a sharp end extending beyond a distal end of the tubular body.
[00256] In some embodiments of the identification device, the actuator 8 comprises a plunger
230 slidably inserted into the lumen 221.
[00257] In some embodiments of the identification device, the microelectronic chip 300 is

secured inside of the lumen 221 with a biosafe adhesive.
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[00258] In some embodiments of the identification device, the plunger 230 is configured to
engage and push the microelectronic chip 300 out of the lumen 221 when the distal end of the
lumen 220 is inserted into the substrate of the animal body part.

[00259] In some embodiments of the identification device, the plunger 230 is configured to
disengage the microelectronic chip 300 by a proximal movement of the plunger to limit rotation
of the microelectronic chip in the substrate of the animal body part.

[00260] In some embodiments of the identification device, the plunger 230 is actuated by a
controller 4.

[00261] In some embodiments of the identification device, the plunger 230 is manually actuated.
[00262] In some embodiments of the identification device the microelectronic chip 300
comprises a passive RFID chip.

[00263] In some embodiments of the identification device the microelectronic chip 300
comprises a photocell 310 energized by a laser that provides power to the microelectronic chip.
[00264] In some embodiments, the microelectronic chip implant device is configured to implant
the microelectronic chip 300 beneath the epidermis of the animal body part at a depth that allows
the photocell 310 to be activated, optionally by a laser that emits 5-60 mW of optical power at
660 nm.

[00265] In some embodiments, the identification device further comprises a chip reading device
128 for photo-activating the microelectronic chip and for receiving the RF signal generated by
the RF antenna 360.

[00266] In some embodiments, the chip reading device comprises a laser diode driver for photo-
activating the microelectronic chip.

[00267] In some embodiments, the chip reading device comprises an optical focusing module.
[00268] In some embodiments of the identification device the microelectronic chip comprises an
RF antenna capable 360 of generating an RF signal that represents an identification number.
[00269] In some embodiments of the identification device the RF antenna comprises an antenna
loop.

[00270] In some embodiments of the identification device the microelectronic chip further
comprises an onboard logic circuitry 320 , 340 capable of modulating current in the antenna
loop to generate a different RF signal that represents a different identification number.

[00271] In some embodiments of the identification device the onboard logic circuitry is
controlled by an electronic memory 330.

[00272] In some embodiments of the identification device the electronic memory 330 is a ROM.
[00273] In some embodiments of the identification device the microelectronic chip further

comprises an animal location detector.
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[00274] In some embodiments of the identification device the microelectronic chip further
comprises a laminated thin-film movement detector.

[00275] In some embodiments of the identification device the microelectronic chip further
comprises a laminated thin-film vital sign detector.

[00276] In some embodiments of the identification device the vital sign detector is selected from
the group consisting of heart rate detector, ECG detector, EEG detector, EMG detector,
temperature detector, blood pressure detector, and combinations thereof.

[00277] In some embodiments of the identification device the microelectronic chip implant
device is configured to implant the microelectronic chip beneath the epidermis of the animal
body part at a depth that allows the RF signal to be detected.

[00278] In some embodiments, the identification device further comprises a chip reading device
128 as illustrated in FIG. 50 for activating the microelectronic chip and for receiving the RF
signal generated by the RF antenna.

[00279] In some embodiments, the chip reading device comprises an air coil pickup connected
to an RF receiver for receiving the RF signal generated by the microelectronic chip.

[00280] In some embodiments, the chip reading device comprises a field-programmable gate
array (FGPA).

[00281] In some embodiments, the chip ready device comprises a USB microcontroller and
power regulators.

[00282] Provided herein is an animal marking system 1 comprising each of the features
previously described and further comprising at least one restraining device 22 operatively
associated with the identification device, wherein the restraining device is sized and configured
for restraining an animal or animal body part thereof and oriented such that the identification
device can deposit a microelectronic chip 330 into the substrate of the animal body part.

[00283] In some embodiments, the inserter 5 is coupled to an inserter cartridge 92.

[00284] In some embodiments, the inserter cartridge 92 comprises a reference feature configured
to position the inserter cartridge 92 on the identification device with precision. In some
embodiments, the reference feature comprises a locating cylinder 94 extending between two end
plates 95, 96.

[00285] In some embodiments, the identification device comprises a docking member coupled to
a scotch yoke, the docking member defining a receiving slot extending from a top surface to a
bottom surface of the docking member. In some embodiments, the locating cylinder of the
reference feature is configured to be inserted into the receiving slot of the docking member. In

some embodiments, the two end plates of the reference feature respectively engage the top and
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bottom surfaces of the docking member when the locating cylinder of the reference feature is
inserted into the receiving slot of the docking member.

[00286] In some embodiments, the locating cylinder comprises a center bore through which the
inserter extends.

[00287] In some embodiments of the marking system 1, the inserter cartridge 92 comprises a
locking feature 110 configured to lock the inserter cartridge onto the identification device. In
some embodiments, the locking feature comprises a U-shaped flexible locking clip extending
between two ends, each end of the locking clip 110 comprises at least one outwardly extending
locking teeth. In some embodiments, the locking clip further comprises a plurality of gripping
ribs on an exterior surface of the locking clip. In some embodiments, the locking teeth are
configured to abut an end wall of a scotch yoke of the microelectronic chip implant device when
the inserter cartridge is in a mounted position.

[00288] In some embodiments, the inserter is coupled to the inserter cartridge by means of an
adhesive. In some embodiments, the inserter is coupled to the inserter cartridge by molding the
inserter to the inserter cartridge. In some embodiments, the inserter is molded from a polymer
material. In still other embodiments, the inserter cartridge is permanently affixed to the
identification device.

[00289] In some embodiments, the inserter cartridge is removable to allow replacement of worn
or damaged inserters.

[00290] In any one of the embodiments of the marking system, the microelectronic chip implant
device comprises multiple inserter cartridges dimensioned to account for differences in animal
substrate size or geometry.

[00291] In some embodiments, the multiple inserter cartridges are pre-mounted onto the
microelectronic chip implant device.

[00292] In any one of the embodiments of the marking system, the marking system is configured
to automatically mount and dismount the inserter.

[00293] In some embodiments, the restraining device comprises a spring-loaded tapered v-
groove configured to compensate for differences in size of the marking substrate. In some
embodiments, the spring-loaded tapered v-groove is modulated to compensate for differences in
size of the substrate body part. In some embodiments, the spring-loaded tapered v-groove is
assembled in a support mount, and is optionally enclosed within a protective compliant boot. In
still further embodiments, the modulated spring-loaded tapered v-groove comprises a plurality
of independent groove sections, each groove section being articulating and self-aligning.
[00294] In any one of the embodiments of the marking system, the marking system is configured

to select the inserter and the configuration of the restraining device based on the size of the
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marking substrate. In some embodiments, the marking system further comprises a measuring
gauge configured to measure the size of the substrate of the animal body part, the measuring
gauge comprising a plurality of measuring slots with incrementally increasing widths. In still
further embodiments, the marking system further comprises a measuring device configured to
measure the size of the substrate of the animal body part by using a laser-generating device
emitting a light curtain beam and a receiver that is incorporated into the measuring device.
[00295] In some embodiments of the marking system, the marking system further comprises a
forked tool adapted to engage and compress the locking clip to facilitate removal of the inserter
cartridge from the microelectronic chip implant device. In some embodiments, the forked tool is
integrated with a measuring gauge comprising a plurality of measuring slots with incrementally
increasing widths.

[00296] In some embodiments of the marking system, the marking system further comprises a
marking device for depositing a pigment composition into the substrate of the animal body parts.
In some embodiments, the marking device comprises a marking needle 5a of fixed length
comprising one or a plurality of needle tips as illustrated in FIGs. 21b and 23. In some
embodiments, the needle tips are configured to penetrate the epidermis of the marking substrate
and transfer a pigment into the dermis of the marking substrate.

[00297] In any one of the embodiments of the marking system, the system further comprises a
media transfer assembly as illustrated in FIGs. 5 and 16 containing the pigment, wherein the
marking device is configured to make a mark by contacting the pigment prior to the marking
substrate.

[00298] Provided herein is an identification device wherein the identification device is operated
by a controller 4 to deposit the microelectronic chip 300 in a proximal to distal direction parallel
to an animal tail 14.

[00299] In some embodiments of the identification device, the microelectronic chip implant
device 1s operated by the controller 4 to implant the microelectronic chip 300 in a distal to
proximal direction parallel to the animal tail 14.

[00300] In some embodiments, the microelectronic chip implant device is operated by the
controller 4 to implant the microelectronic chip 300 vertical to the animal tail 14.

[00301] Provided herein is a microelectronic chip for identification of an animal, wherein the
microelectronic chip 300 comprises a passive RFID chip.

[00302] Provided herein is a microelectronic chip for identification of an animal, wherein the
microelectronic chip 300 comprises a photocell 310 that provides power to the microelectronic
chip 300, an RF antenna 360 capable of generating an RF signal that represents an identification

number, and a laminated thin-film detector.

31



2018200814 02 Feb 2018

WO 2014/151852 PCT/US2014/026563

[00303] In some embodiments of the chip, the laminated thin-film detector is a location detector.
In some embodiments of the chip, the laminated thin-film detector is a movement detector. In
some embodiments of the chip, the laminated thin-film detector is a vital sign detector.

[00304] In some embodiments of the identification device, the vital sign detector is selected
from the group consisting of heart rate detector, ECG detector, EEG detector, EMG detector,
temperature detector, blood pressure detector, and combinations thereof.

[00305] Provided herein is an animal identification system comprising: a microelectronic chip
300 implanted in a substrate of an animal, the microelectronic chip is photo-activated to generate
an RF signal that represent a first identification number; and a pigment mark imprinted in the
substrate of an animal, the pigment mark representing a second identification number.

[00306] In some embodiments of the system, the identification system further comprises a tissue
storage container for containing a sample tissue of the animal, wherein the tissue storage
container comprises a second microelectronic chip configured to an RF signal that represent the
first identification number. In some embodiments, the sample tissue is taken when the
microelectronic chip is implanted in the substrate of the animal.

[00307] In some embodiments of the system, the identification system further comprises a media
transfer assembly that contains pigment used to mark the animal, wherein the media transfer
comprises a third microelectronic chip configured to an RF signal that represent the first
identification number. In some embodiments, the identification system further comprises a data
management system for storing and cross-referencing the first, second and third identification
numbers.

[00308] In some embodiments of the system, the identification system further comprises a
secondary pigment identification bar-coding reference, for traceability to the manufacturer and
manufacturing lot numbers included in the media transfer assembly wherein a sample of the
pigment is contained, and wherein the media transfer assembly comprises a third
microelectronic chip configured to an RF signal that represents the first identification number.
In some embodiments, the identification system further comprises a data management system
550 for storing and cross-referencing the first, second and third identification numbers in
addition to the bar-coding reference, for traceability to the manufacturer and manufacturing lot
numbers.

[00309] Provided herein is an animal marking system 1 comprising: a microelectronic animal
identification device 3, a pigment tattooing identification device 5, a restraining device 2, a
measuring device 125, 126, a chip reader 128, a tissue sampling device, a media transfer
assembly, and a data management system 550 for storing and cross-referencing identification

numbers.
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[00310] While only certain embodiments have been set forth, alternative embodiments and
various modifications will be apparent from the above descriptions to those skilled in the art.
These and other alternatives are considered equivalents and within the spirit and scope of this

disclosure.

[00311] 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.

[00312] 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

What is claimed is:
1. A microelectronic animal identification device comprising;

an inserter configured to releasably hold a microelectronic chip at a distal end of
the inserter;

a restraining device configured for restraining an animal and when so restrained
upwardly present a substrate of an animal body part to the inserter for inserting the distal end
of the inserter into the substrate of the animal body part;

an actuator configured to release the microelectronic chip from the inserter
when the distal end of the inserter is so inserted into the substrate of the animal body
part; and

a controller configured to control a position of the inserter and actuate the actuator
configured to release the microelectronic chip from the inserter to implant the microelectronic
chip in a distal to proximal direction parallel to the animal body part;
wherein
optionally, the animal is a mouse, a rat, or a rodent;
optionally, the body part is an upper part of a tail; and
optionally, the substrate is dermis.

2. The identification device of claim 1, wherein the controller is configured to control a
position of the inserter and to actuate the actuator to implant the microelectronic chip
into the substrate of the animal body part.

3. The identification device of claim 1 wherein the inserter comprises a tubular body
defining a lumen and the actuator comprises a plunger slidably inserted into the lumen.
4. The identification device of claim 3, wherein the plunger is configured to engage and
push the microelectronic chip out of the lumen when the distal end of the lumen is
inserted into the substrate of the animal body part.

5. The identification device of claim 4, wherein the plunger is configured to disengage
the microelectronic chip by a proximal movement of the plunger to limit rotation of the
microelectronic chip in the substrate of the animal body part.

6. The identification device defined by any one of the preceding claims, wherein the
microelectronic chip comprises an RF antenna capable of generating an RF signal that

represents an identification number.
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7. The identification device of claim 6, wherein the RF antenna comprises an antenna
loop.

8. The identification device of claim 7, wherein the microelectronic chip further
comprises an onboard logic circuitry capable of modulating current in the antenna loop
to generate a different RF signal that represents a different identification number.

9. The identification device of claim 8, wherein the onboard logic circuitry is controlled
by an electronic memory.

10. The identification device of claim 9, wherein the electronic memory is a ROM.

11. The identification device defined by any one of the preceding claims, wherein the
microelectronic chip further comprises at least one of an animal location detector, a
laminated thin-film movement detector, or a laminated thin-film vital sign detector.

12. The identification device of claim 11, wherein the vital sign detector is selected from
the group consisting of heart rate detector, ECG detector, EEG detector, EMG detector,

temperature detector, blood pressure detector, and combinations thereof.
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