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RFID INTERROGATION PROBE

Technical Field
The present invention relates to an RFID probe, particularly to an

RFID probe for reading disposable containers for cryogenic storage.

Background

Biological samples may be preserved by cryogenic freezing. The
biological samples are usually stored in disposable containers
(disposables). The shape of the disposable container used depends
on the type of sample. Examples of commonly used disposable
containers include vials, straws and bags. The disposable container
is stored at low temperatures in a Dewar flask typically filled with

liquid nitrogen at a temperature of —-196 ©°C.

Where samples are stored in straws, a plurality of straws are
usually kept in a visotube, a plurality of visotubes are in turn
typically kept in a goblet, and a plurality of goblets are typically

kept in a canister which is stored in the Dewar.

Stored biological samples can be identified by writing on the
disposable containers themselves, or by labels stuck to the
containers. These labels may be handwritten or printed and can
include bar codes. However, such methods of identification have
associated disadvantages; written notes on containers can easily be
erased or smudged and labels containing handwritten notes and
printed text or barcode information can fall off the disposable
containers while they are stored inside the Dewar leading to
unidentifiable samples. These problems are exacerbated by the cold

conditions in which biological samples must be kept.

When performing an audit of biological samples stored in cold
storage (at temperatures of -196°C), the samples should not be
allowed to warm up to a temperature greater than -130°C. It is

therefore desirable to minimise the amount of time spent outside of
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the Dewar wherever possible.

Recording, monitoring and auditing of samples in cold storage takes
a considerable amount of time and effort, even when samples are
labelled using barcodes. An additional and undesirable increase in
the time taken to record or audit samples arises as a result of
frost which forms on the surfaces of disposable containers and their
labels when they are removed from liquid nitrogen into relatively
warmer temperatures. It is common for samples to be stored for many
yvears {e.g. 15 years) but even after just one year in storage, the
layer of frost which builds up on a disposable container can make it
impossible to make an optical reading of a bar code on a label using
a bar code reader because a layer of frost blocks or diffracts the
light of the bar code reader. The container cannot be warmed up to
remove frost as this would lead to destruction of the sample. The
frost can be wiped off the disposable container but this contributes
to an undesirable increase in the amount of time taken to read the

sample.

It is known that Radio Frequency ID (RFID) tags can be used to
monitor a plurality of disposable containers stored at low
temperatures of down to —-196°C. An RFID reader can be used to write
information to and read information from the RFID tag before, after,

or during cryogenic storage.

An RFID tag includes an RF transmitter and an RF receiver. An RFID
reader can be used to transmit an encoded radio signal to a tag to
interrogate it. Upon receiving the interrogation signal, the RFID
tag transmits its identification information to the reader. This
identification information may be a unique serial number assigned to

a particular patient or to a particular sample.

In Europe and other countries outside of the US, RFID components for
medical storage operate at an approved frequency of 13.56 MHz. It

is important that the frequency used for the RFID tag does not lead
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to any undesirable interference with other electronic medical
equipment. Lower medically approved frequency bands such as 125 KHz
do not provide enough signal bandwidth to provide the tag with a

useful user defined memory.

EP2315163 discloses an elongate annular antenna for transmitting and
receiving radio frequency signals. The antenna also includes
screening or shielding means which add to the undesirable bulk of

the antenna.

Statement of Invention
Accordingly, the present invention aims to solve the above problems
by providing, according to a first aspect, a sleeve according to

claim 1.

Ring shaped housing should be understood to mean a housing with a
hole which extends through the housing from a first end to a second
end. The housing has a cylindrical axis which extends along the
length of the hole from an upper side of the housing to a lower side

of the housing.

Preferably, the ring shaped housing defines a hole capable of
receiving a cryogenic canister so that when the canister is located
within the hole, the looped antenna of the RFID probe encircles the
cryogenic canister to read or write to RFID tags located on and/or
inside of the canister. For example, the RFID tags may be located
on a goblet and/or a straw which is placed inside the cryogenic
canister. The RFID probe would also be capable of encircling an

individual RFID goblet and/or an RFID straw.

The hole of the ring shaped housing enables the RFID probe to be
positioned around a cryogenic canister and scanned along the entire

length of the canister.
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When viewed as a cross section transverse to the cylindrical axis,
the housing has an inner perimeter which defines the shape of the
hole and an outer perimeter which defines the shape of the outer
walls of the housing. The inner perimeter may be circular but can
also be another shape such as an oval or a polygon. Similarly, the
outer perimeter of the housing may be circular or substantially
circular but may also take another shape, for example the outer
perimeter could be rectangular. The inner perimeter and outer
perimeter may be the same or substantially the same shape as each
other, for example they may both be circular. Alternatively, the
inner and outer perimeter may differ in shape. For example, the
inner perimeter may be circular but the outer perimeter may be

rectangular.

It should be understood that irrespective of whether or not the
inner perimeter is circular, the cylindrical axis of the housing is
the central axis running through the housing, from an upper side to

a lower side of the housing.

The innermost diameter of the ring shaped housing is measured

transverse to the cylindrical axis.

It should also be understood that where the inner perimeter of the
ring shaped housing has any shape other than circular, the innermost
diameter is the maximum measurement possible from one point on the
inner perimeter to the opposite side of the inner perimeter along a
plane transverse to the cylindrical axis. For example, if the inner
perimeter was a square, the innermost diameter would be the length

of the diagonal of the square.

The RFID probe is versatile and easily manoeuvrable due to its small
length along the cylindrical axis relative to the innermost diameter

of the housing.
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Preferably, the maximum length of the ring shaped housing along its
cylindrical axis is less than 3/4 of the length of the innermost

diameter of the ring shaped housing.

Even more preferably, the maximum length of the ring shaped housing
along its cylindrical axis is less than 2/3 of the length of the

innermost diameter of the ring shaped housing.

Even more preferably, the maximum length of the ring shaped housing
along its cylindrical axis is less than 1/2 of the length of the

innermost diameter of the ring shaped housing.

Preferably, the innermost diameter of the ring shaped housing is no

less than 70mm.

Even more preferably, the innermost diameter of the ring shaped

housing is no less than 80mm.

Preferably, the looped antenna includes no more than 2 loops

Preferably, the ring shaped housing further comprises connection

means for connecting the housing to a support.

In this way the RFID probe can easily be mounted to different types
of support thereby providing a versatile tool for both reading and

writing to RFID tags.

The support may be a stand. Alternatively, the support may be a

rod.

Where the support stand is a rod, the RFID probe and the rod form a
“wand” which is suitable for lowering into a Dewar to encircle a
canister and therefore to read RFID tags placed on any of the:
canister; goblet; straw; and visotube ID’s for example during an

audit of samples.
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When the support is a support stand (i.e. “legs” upon which the RFID
probe can stand), the RFID probe may be used to allocate RFID
identification to a straw as soon as it is filled with biological
material in the laboratory. At this point it may also be used to
provide RFID identification to a visotube containing a number of
straws (a computer system operated by the user can be used to record
that a given number of straws, each with their unique ID, are placed
in a given visotube with its own unique ID). This could also
typically be extended to write a unique ID to a goblet and to

associate the goblet with the visotubes that it contains.

Alternatively, the RFID probe could also be mounted directly to a
cryogenic flask/Dewar using a suitable mechanical fixing i.e. the
support can be the flask/Dewar itself. For example, the RFID probe
could be mounted at the mouth of a cryogenic flask used for
transportation of samples in order to read and/or write to straws,

visotubes etc. placed in the cryogenic flask for temporary storage.

The connection means is preferably a fixing hole in the ring shaped

housing.

Optionally, the connection means is two fixing holes and the ring
shaped housing defines a cavity for electrical components, the

cavity being located in-between the two fixing holes.

Optionally, the RFID probe is provided in combination with a support

stand.

Optionally, the RFID probe is provided in combination with a rod.

Optionally, the RFID probe is provided in combination with an RFID

reader module wherein the antenna of the RFID probe is communicably

connected to the RFID reader module.
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The present invention will now be disclosed by way of example only,

with reference to the accompanying figures, in which:

Fig. la is a plan view of an RFID probe according to the present
invention and Fig. 1lb shows a cross section of the RFID probe along
line A-A as shown in Fig. la;

Fig. 2 is a schematic diagram of the looped antenna and connecting
circuitry of the RFID probe;

Fig. 3 is a picture of the ring shaped housing of the probe, the
ring shaped housing having two halves;

Fig. 4 is a picture of the housing of Fig. 3 with the two halves
separated;

Fig. 5 is a perspective view of the RFID probe in combination with a
stand; and

Fig. 6 is a picture of a rod for attachment to the RFID probe.

Description

Figures la and 1b show an RFID probe 1 having a ring shaped housing
2 which houses a looped antenna (not shown). The length of the ring
shaped housing 1 along its cylindrical axis is less than the
outermost diameter d, of the housing. The length of the ring shaped
housing 1 is also less than the innermost diameter d; of the

housing.

The ring shaped housing 2 includes connection means 4 in the form of
fixing holes. The fixing holes are bored holes which extend from

one side of the housing to the other.

The ring shaped housing 2 also includes a cavity 5 which can be used
to house electronics such as “matching” circuitry that matches the
looped antenna to a coaxial cable and therefore to an RFID reader
that is at the far end of the coaxial cable. In this way, the design
enables the RFID probe to be placed into a cold environment (such as
a Dewar or a “transport flask” filled with liquid nitrogen) whilst

keeping the reader electronics outside of the cold environment (e.g.
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wand lowered into Dewar, or at the mouth of a small “transport

flask” containing ligquid nitrogen).

Alternatively, a complete RFID reader could be housed in the cavity.
Such a design would be particularly useful where the RFID probe is

to be used in temperatures of around -40°C and above.

The looped antenna 3 of the RFID probe 1 is shown in more detail in

figure 2.

In the embodiment shown in figure 2, the antenna coil of the looped
antenna has 2 turns. The diameter of looped antenna is 80 mm and
the copper wire used to form the antenna has a 0.75 mm diameter

giving an antenna coil inductance of about 2 pH.

The looped antenna 3 is connected to a coaxial cable 8 via a
“matching circuit” and a coaxial connector 7. The “matching
circuit” is made up of: a fixed capacitor (Cr) 6, a variable
capacitor (Cy) 16 and a resistor (R) 17 all connected to each other

in parallel.

In the embodiment shown in figure 2, the resistor R has a fixed
value of 60 ohms, the fixed value capacitor (Cz) 6 has a value of
around 150 pf (picofarads) and the variable capacitor Cy is variable
over a range of 10 pf to 50 pf so that it can be set to “match” the
RFID probe antenna to the coaxial cable 8 and therefore to an RFID

reader module located at the far end of coaxial cable 8.

The function of the resistor 17 is to form part of the matching
circuitry but also to provide the required circuit bandwidth (*“Q
factor”) in order to allow the standard RFID transmit and receive

data bandwidth to propagate through to the looped antenna.

The parameters described above are those which have been chosen to

optimise antenna performance for an antenna 3 having only 2 coils.

8
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The antenna may be made up of any number of coils, for example up to
10 coils, in which case different values of the fixed capacitor 6,
variable capacitor 16 and fixed resistor 17 would be chosen in order

to optimise antenna performance for the given number of coils.

Figures 3a, 3b and 4 show a ring shaped housing 2 formed of two
halves 2a, 2b. Figures 3a and 3b show the two halves in an

assembled configuration.

As shown in figure 3a, the first half of the housing 2a is placed on
top of the second half of the housing 2b to form a hermetically
sealed interface 9. The hermetically sealed interface can be

achieved by a “welding” type adhesive.

Fixing means 15 such as nuts and bolts inserted into fixing holes
4a, 4b also act to hold the two halves 2a 2b of the ring shaped

housing together.

Each half 2a, 2b of the ring shaped housing 2 has a circular inner

profile and a rectangular outer profile.

Figure 4 shows the two halves 2a and 2b of the ring shaped housing

in an unassembled configuration.

Each half includes connection means in the form of two fixing holes

4a, 4b bored through the housing 2a, 2b. In addition, each half of

the housing defines a cavity half 5a, 5b. The cavity halves 5a, 5b

match up to form the cavity 5 when the two halves of the housing are
assembled together. The fixing holes 4a, 4b of each half are

located either side of cavity halves b5a and 5b.

Each half of the housing 2a, 2b also includes a track 1lla, 11b to
receive the looped antenna. The track enables the two halves 2a, 2b

to be assembled around the looped antenna 3 to create a seal.
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Figure 5 shows the RFID probe 1 mounted on a stand 12. The stand is
L-shaped and is attached to the RFID probe 1 at connection means 4
using fixing means such as screws or bolts. When mounted on a stand
12, the RFID probe can be mounted on a surface such as a laboratory
bench. This arrangement is particularly useful when the probe is

used to write (i.e. to program) RFID tagged disposable containers.

Figure 6 shows a rod 13 on which the RFID probe 1 can be mounted.
fixing means 15 such as screws or bolts can be used to fasten the
rod to the RFID probe. In this arrangement, the rod 13 can be used
to lower the RFID probe into a Dewar so that RFID tagged containers
can be read whilst inside the Dewar. The rod 13

includes a handle 14.

The rod 13 and/or the handle 14 may be made of a thermally
insulating material to avoid undesirable heat transfer between the

rod and the Dewar.

The RF coaxial cable can be simply plugged into an RF port standard
RFID reader, that is, a port for transmitting and receiving the
13.56 MHz “carrier” frequency. The RFID reader can then be connected

to a processor/PC.

The RFID probe of the present invention can be used in the writing
of RFID tags and/or the reading of RFID tags by sending appropriate

signals to the looped antenna 3.

Assuming that the transmitted power of the reader electronics is
chosen appropriately, the small maximum length along the cylindrical
axis relative to the innermost diameter of the antenna coils enables
any unwanted exciting (transmitted) field outside the probe to be
kept low whilst the field inside the hole of the probe is high
enough to activate RFID tags. In this way, the need for extra

shielding of the antenna is minimised.

10
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The foregoing description of the preferred embodiments of the
invention have been presented for purposes of illustration and
description, it is not intended to be exhaustive or to limit the
invention to the precise form disclosed, and modifications and

variations are possible in light of the above teachings.

It is intended that the scope of the invention be defined by the

claims appended hereto.

11
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Claims

1. An RFID probe comprising:

a ring shaped housing, having a maximum length along its
cylindrical axis which is less than the innermost diameter of the
ring shaped housing; and

a looped antenna housed within the ring shaped housing.

2. The RFID probe of claim 1, wherein the ring shaped housing

defines a hole capable of receiving a cryogenic canister.

3. The RFID probe of claim 1 or claim 2, wherein the innermost

diameter of the ring shaped housing is no less than 70mm.

4. The RFID probe of any one of the preceding claims, wherein the

looped antenna includes no more than 2 loops.

5. The RFID probe of any one of the preceding claims wherein the
ring shaped housing further comprises connection means for

connecting the housing to a support.

6. The RFID probe of claim 5, wherein the support is a stand or a

rod.

7. The RFID probe of any one of claims 5 and 6, wherein the

connection means is a fixing hole in the ring shaped housing.

8. The RFID probe of claim 6, wherein the connection means is two
fixing holes and wherein the ring shaped housing defines a cavity
for electrical components, the cavity being located in-between the

two fixing holes.

9. The RFID probe of any one of the preceding claims in combination

with a support stand.

12
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10. The RFID probe of any one of the preceding claims in

combination with a rod.
11. The RFID probe of any one of the preceding claims in
combination with an RFID reader module, wherein the antenna of the

RFID probe is communicably connected to the RFID reader module.

12. An RFID probe substantially as described herein with reference

to the accompanying figures.

13
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