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(54) A laboratory device, a laboratory rack assembly and a method to couple an RFID chip

(57) A laboratory device comprising a rack holding
assembly (20) for holding laboratory racks (22), compris-
ing an antenna structure element (10) for wireless cou-
pling with an RFID chip of a laboratory rack (22), the
antenna structure element (10) comprising a substantial-
ly flat carrier substrate (12) with a first carrier surface
(12.1) and a second carrier surface (12.2) opposite the

first carrier surface (12.1), and comprising at least two
antennas (14.1, 14.2) applied on the carrier substrate
(12), wherein a first antenna (14.1) of the at least two
antennas is applied on the first carrier surface (12.1) and
a second antenna (14.2) of the at least two antennas is
applied on the second carrier surface (12.2).
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Description

Technical Field

[0001] The present invention relates to the identifica-
tion of laboratory vessels in a laboratory rack using RFID
technology. The present invention particularly relates to
the identification of the orientation of a laboratory rack,
and an antenna structure element for wireless coupling
with an RFID chip.

Description of the Related Art

[0002] Laboratory devices are important work tools
and systems in laboratory analytics in the clinical area,
chemical and pharmaceutical area, in immunology etc.
Modern laboratory or analyser devices are conceived in
a modular manner and provide for fully automated labo-
ratory work. Different modules relate to different fields of
analytics, using for example dispenser technology or pi-
pette technology. Reagents and specimens used in the
analytical work are usually provided in laboratory ves-
sels, i.e. individual containers such as test tubes or rea-
gent containers, wherein one or more containers are
placed in a container carrier structure. Container carrier
structures are well-known in this field of technology under
various terms such as racks, cassettes, cartridges etc.
For ease of reference, all these holding devices will be
referred to as laboratory racks or just racks throughout
this application. Further, the terms laboratory vessel or
reagent container will be used as synonym for any kind
of suitable container.
[0003] In the course of the analysing process, one or
more laboratory racks holding each at least one labora-
tory vessel are placed in a respective analyser device.
In order for the analyser device to be able to treat the
inserted carrier structure properly, i.e. identifying its con-
tent etc., each laboratory vessel usually comprises a bar-
code label on its outer surface. The analyser device in
turn comprises a barcode reader installed in such a man-
ner that the barcode information contained on the label
of the laboratory vessel can be read and transferred to
a computing and control unit of the analyser device.
[0004] With the advent of RFID technology in labora-
tory work, particularly for identification of reagent work
probes, RFID assemblies on laboratory vessels and oth-
er reagent containers have become more and more wide-
spread.
[0005] EP 1 130 377 B1 discloses racks with specimen
slides inserted therein, the racks each comprising a
transponder. Several of the racks are connected in se-
ries. The racks with the specimen slides therein traverse
individual processing stations, and the transponders of
the racks can be read out by means of excitation coils
which are assigned to the processing stations. The racks
can be identified within short time intervals with the aid
of the transponders attached thereto and can be as-
signed to a specific processing procedure. Each rack to

be identified is assigned its own excitation coil with re-
spective complete electronic evaluation unit.

Summary

[0006] In contrast thereto, the present invention pro-
vides a laboratory device with the features of claim 1, a
laboratory rack assembly with the features of claim 11
as well as a method to couple an RFID chip in order to
identify the orientation of a laboratory rack bearing the
RFID chip with the features of claim 12.
[0007] According to the invention, a laboratory device
for the processing of reagents, samples, specimens and
the like comprises a rack holding assembly for holding a
plurality of laboratory racks as well as an antenna struc-
ture element for wireless coupling with an RFID chip of
the laboratory rack. The antenna structure element com-
prises a substantially flat carrier substrate with a first car-
rier surface and a second carrier surface opposite the
first carrier surface. The antenna structure element fur-
ther comprises at least two antennas applied on the car-
rier substrate, wherein a first antenna of the at least two
antennas is applied on the first carrier surface and a sec-
ond antenna of the at least two antennas is applied on
the second carrier surface.
[0008] Thus, the laboratory device with an antenna
structure element according to the invention allows pre-
cise localisation of objects bearing RFID chips or tags on
either side of the antenna structure element. It also facil-
itates setting up of laboratory rack assemblies as the an-
tenna assembly in such a rack assembly can be easily
set up by arranging a desired number of antenna struc-
ture elements parallel to each other in such a manner
that laboratory racks can be placed in between two ad-
jacent parallel antenna structure elements, as described
in more detail below.
[0009] Thus, one further aspect of the invention relates
to a rack assembly for holding a plurality of laboratory
racks, the rack assembly comprising a plurality of rack
receptacles for receiving and holding the laboratory racks
in a row-and-column structure, and further comprising a
plurality of antenna structure elements, according to the
invention, wherein the antenna structure elements are
placed parallel to each other between columns or rows
of rack receptacles in such a manner that coupling of
RFID chips attached to the racks is possible independ-
ently of the direction of insertion of the respective rack.
[0010] According to one possible embodiment, the two
antennas are applied on the two carrier surfaces in a
staggered manner, i.e. the second antenna on the sec-
ond carrier surface is offset as to the location of the first
antenna on the first carrier surface on the other side of
the carrier substrate. There is a possibility of arranging
the two antennas in such a manner that the offset corre-
sponds to two possible locations of the RFID chip to be
read in the rack assembly, with the result that independ-
ent of the orientation of the laboratory rack the RFID chip
of the rack is always located in the vicinity to either one
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of the antennas.
[0011] There are various possibilities of applying the
antennas to the carrier, such as printing, depositing, by
lithographic techniques or by means of adhesion or other
methods well known to the person skilled in the art. Pos-
sible materials for realizing the antennas, e.g. by printing,
are copper or aluminium. However, any other electrically
conducting material is suitable. The antenna structure
element of the invention can, for example, be implement-
ed as a printed circuit board with the antennas printed
thereon.
[0012] A still further aspect of the invention relates to
a method to couple an RFID chip of a laboratory rack,
said method comprising providing at least two antenna
element structures according to the invention and placing
these antenna element structures in parallel to each other
so that their respective carrier surfaces are facing the
carrier surfaces of each adjacent antenna element struc-
ture. The method further comprises placing one or more
laboratory racks with RFID chips on each respective lab-
oratory rack between two adjacent antenna element
structures and consecutively or simultaneously energis-
ing each antenna.
[0013] Further features and embodiments will become
apparent from the description and the accompanying
drawings.
[0014] It will be understood that the features mentioned
above and those described hereinafter can be used not
only in the combination specified but also in other com-
binations or on their own, without departing from the
scope of the present disclosure.
[0015] Various implementations are schematically il-
lustrated in the drawings by means of an embodiment by
way of example and are hereinafter explained in detail
with reference to the drawings. It is understood that the
description is in no way limiting on the scope of the
present disclosure and is merely an illustration of a

preferred embodiment.

Brief Description of the Drawings

[0016] The only figure shows a top view of an embod-
iment of a rack assembly comprising several antenna
structure elements according to the invention.

Detailed Description

[0017] Reference will now be made in detail to some
embodiments, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same
reference numbers are used throughout the drawings to
refer to the same or like parts.
[0018] Radio Frequency Identification (RFID) provides
a convenient mechanism for identifying and detecting ob-
jects using wireless electromagnetic signals. A basic
RFID system has at least one RFID reader and at least
one RFID assembly (the latter also known by the term

"transponder" or "RFID tag"). Typically, RFID readers
can include a coil or antenna and circuitry to transmit and
receive signals with the coil or antenna. An RFID assem-
bly or tag or transponder also includes a coil or antenna
and some information stored on an RFID chip that can
be read by an RFID reader.
[0019] The RFID reader antenna generates an elec-
tromagnetic field, thereby transferring energy to the tag.
Depending on the design of the tag, a portion of the en-
ergy transferred to the tag will be reflected to the reader
so as to provide information about the tag back to the
reader. Some RFID systems can be used to read and
optionally write data to and from the RFID tag. RFID read-
ers can generate signals spanning distances from less
than one centimetre to more than fifty metres depending
on frequency and power of the signals generated at the
RFID reader antenna.
[0020] Typically, RFID assemblies or tags are catego-
rised as either active or passive. Active RFID tags are
powered by an internal battery and are typically read/
write, i.e. tag data can be rewritten and/or modified. An
active tag’s memory size varies according to application
requirements, some systems operating with up to 1 MB
of memory and more. Passive RFID tags operate without
a separate external power source and obtain operating
power generated from the reader. Passive tags are con-
sequently typically lighter than active tags, less expen-
sive, and offer a long operational lifetime. Passive tags
typically have shorter read ranges than active tags and
require a higher-powered reader. Read-only tags are typ-
ically passive and can be programmed with a unique set
of data (usually 32 to 128 bits) that is typically predeter-
mined at the time of manufacture of the tag. It is under-
stood that passive read/write tags can also be employed
consistent with the present teachings.
[0021] Consequently, the term "RFID assembly" or
"RFID tag", respectively, as used herein refers to either
an active or passive RFID tag that contains information.
The RFID tag can be read only or read/write and the
information associated with the RFID tag can be hard-
coded into the RFID tag at the time of manufacture or at
some later time, all the RFID tag can contain information
that is written to the RFID tag throughout its lifetime.
[0022] The term "RFID reader" as used herein includes
devices that can read information from and/or write in-
formation into an RFID tag.
[0023] The term "information" as used herein refers to
data that can be stored electronically in the RFID tag and
can be retrieved to be used as machine readable or hu-
man readable data for processing the reagent or speci-
men and/or laboratory vessel and/or laboratory rack
and/or can be written to the RFID tag during or after
processing. It covers but is not restricted to such infor-
mation as type of reagent, specimen, lot size, donor, pro-
duction or donation date, production or donation place,
application data, system type suitability, use-by date, set
point, control point, calibration data, analyser device log
data, date of first opening, used in which device, sampling
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data, carrier structure control data, etc.
[0024] The term "laboratory vessel" as used herein re-
fers to any kind of container which is suitable for accom-
modating any kind of reagent, specimen or substance to
be used in the context of clinical and/or biological and/or
pharmaceutical laboratory diagnostics and/or analysis.
Such containers can be, but are not limited to, tube-
shaped containers of circular or square cross-section.
Also covered are containers with one or several cham-
bers/cells for receiving different liquids.
[0025] The term "laboratory device" as used herein re-
fers to any kind of automated or semi-automated system
for use in laboratory work in the clinical, chemical, bio-
logical, immunology or pharmaceutical area or the like.
Such a laboratory device may comprise, amongst others,
at least one of a pipettor, a stirrer, a tempering device, a
shaker, or an agitator.
[0026] The Figure shows in highly schematic manner
a top view on an embodiment of a laboratory rack as-
sembly 20 according to the invention.
[0027] The rack assembly 20 comprises a variety of
antenna structure elements 10 according to the inven-
tion. In the illustration of the Figure, four antenna structure
elements 10 are shown. Each antenna structure element
10 comprises a carrier substrate 12. In the illustrated em-
bodiment, the carrier substrate 12 is substantially flat and
elongated and has a first carrier surface 12.1 and a sec-
ond carrier surface 12.2, the latter being opposite to the
first carrier surface 12.1. Further, each antenna structure
element comprises a plurality of antennas 14 which are
shown in highly schematic manner in the illustration of
the Figure. The antennas are of conventional form, e.g.
dipoles, coils etc.
[0028] According to the invention, the antennas 14 are
applied on both carrier surfaces 12.1, 12.2 in an alternat-
ing manner along the longitudinal direction of the carrier
substrate 12 (which in the illustration of the Figure is from
top to bottom or in the direction of arrows C1, C2 and
C3). Thus, a first antenna 14.1 is applied on the first car-
rier surface 12.1 of each antenna structure element and
a second antenna 14.2 is applied on the second carrier
surface 12.2 opposite the first carrier surface 12.1, and
so on for following pairs of first and second antennas
14.1, 14.2, so that each antenna structure element 10
comprises a plurality of antennas which are distributed
on both sides of the carrier substrate 12 alternatingly in
a staggered manner. The term "staggered manner" de-
scribes the fact that the antennas are applied on the op-
posite sides of the carrier substrate with an offset to each
other, which will be explained in more detail below.
[0029] In the spaces between the parallel antenna
structure elements 10, laboratory racks 22 can be placed
into rack receptacles (not shown) in a row-and-column
structure as can be seen from the Figure. In the embod-
iment shown in the Figure, a number of nine laboratory
racks 22 is placed between the four antenna structure
elements 10 to form a matrix structure of three columns
C1, C2, C3 and three rows R1, R2 and R3.

[0030] Each laboratory rack 22 comprises an RFID
chip 26 applied thereon. The RFID chip or tag 26 is ap-
plied on one side surface of the rack 22, which rack has
a generally rectangular shape.
[0031] Further, each rack 22 holds at least one test
tube 24 (in the illustration of the Figure, each rack 22
comprises only one reagent container 24 for illustrative
purposes; however, each rack 22 can comprise more
than just one reagent container). For illustrative purpos-
es, only the reagent container 24 containing a substance
to be pipetted is shown in the illustration of the figure.
The RFID chip 26 is applied on the side surface of the
rack 22 in a position offset as to the centre axis of the
rack 22, i.e. the location of the RFID chip 26 allows to
deduce an orientation of the rack 22 and thus the position
of the reagent container 24.
[0032] Due to the design of the antenna structure ele-
ments 10 of the invention with the antennas 14.1, 14.2
positioned in a staggered manner, offset one to each
other by a distance corresponding to the respective po-
sition of the RFID chip of the rack 22 in its respective two
positions depending on the direction in which the rack 22
has been inserted in the rack assembly 20, the invention
allows to easily determine the orientation of a respective
rack.
[0033] In order to obtain precise measurements, the
RFID antennas 14.1, 14.2 may be designed in such a
manner to have a short range of transmission, i.e. the
range of the antennas is limited in such a manner that
only the antenna positioned next to the RFID chip 26 to
be read can actually couple with this RFID chip and read
it.
[0034] Energising of the antennas can be performed
either in a consecutive manner or simultaneously. In one
possible embodiment, the antennas can be operated in
multiplex operation as part of a multiplexer circuitry, in
which case a reading of the labels would be performed
sequentially or consecutively. Due to the limitation of the
range of each individual antenna, a precise localisation
of the read chip and thus determination of the position of
the according reagent container is possible.
[0035] As can be easily seen from the illustration in the
Figure, if any one of the racks 22 is taken out of the rack
assembly 20, turned 180° and put back into the rack as-
sembly 20, the RFID chip 26 can still be read by the an-
tenna applied on the antenna structure element on the
opposite side of the column. As a result of the correct
determination of the orientation of the rack, any operation
to be performed with the reagent container, e.g. pipetting,
can be properly controlled, and the user of the system
can insert the racks into the rack assembly without the
need to observe the orientation during inserting.

Claims

1. A laboratory device comprising a rack holding as-
sembly (20) for holding laboratory racks (22), com-
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prising an antenna structure element (10) for wire-
less coupling with an RFID chip of a laboratory rack
(22), the antenna structure element (10) comprising
a substantially flat carrier substrate (12) with a first
carrier surface (12.1) and a second carrier surface
(12.2) opposite the first carrier surface (12.1), and
comprising at least two antennas (14.1, 14.2) applied
on the carrier substrate (12), wherein a first antenna
(14.1) of the at least two antennas is applied on the
first carrier surface (12.1) and a second antenna
(14.2) of the at least two antennas is applied on the
second carrier surface (12.2).

2. The laboratory device (10) according to claim 1, hav-
ing a plurality of rack receptacles for receiving and
holding the laboratory racks (22) in a row-and-col-
umn structure.

3. The laboratory device (10) according to claim 2,
wherein the antenna structure elements (10) are ar-
ranged parallel to each other between columns (C1,
C2, C3) or rows of rack receptacles in such a manner
that coupling of RFID chips (26) attached to the racks
is possible independently of the direction of insertion
of the respective rack (22)

4. The laboratory device (10) according to any one of
claims 1 to 3, wherein the at least two antennas (14)
are printed on the carrier substrate (12).

5. The laboratory device (10) according to any one of
claims 1 to 3, wherein the at least two antennas (14)
are deposited on the carrier substrate (12).

6. The laboratory device (10) according to any one of
claims 1 to 3, wherein the at least two antennas (14)
are adhered onto the carrier substrate (12).

7. The laboratory device (10) according to any one of
claims 1 to 6, wherein the at least two antennas (14)
are made of copper or aluminium.

8. The laboratory device (10) according to any one of
claim 1 to 7, wherein the at least two antennas (14)
are (photo-)lithographically produced antennas.

9. The laboratory device (10) according to any one of
claims 1 to 8, wherein the two antennas (14.1, 14.2)
are applied on the two carrier surfaces (12.1, 12.2)
in a staggered manner.

10. The laboratory device (10) according to any one of
claims 1 to 9, wherein the carrier substrate (12) is a
substantially flat elongated substrate comprising an
even number of antennas (14) distributed on both
carrier surfaces (12.1, 12.2).

11. The laboratory device (10) according to claim 10,

wherein the antennas (14.1, 14.2) are applied alter-
natingly on the two carrier surfaces (12.1, 12.2) along
the longitudinal direction of the carrier substrate (12).

12. The laboratory device (10) according to any one of
claims 1 to 11, wherein the antennas (14) have a
short range of transmission.

13. A rack assembly (20) for holding a plurality of labo-
ratory racks (22), comprising a plurality of rack re-
ceptacles for receiving and holding the laboratory
racks (22) in a row-and-column structure, and further
comprising a plurality of antenna structure elements
(10) for wireless coupling with an RFID chip of a lab-
oratory rack (22), wherein the antenna structure el-
ements (10) are arranged parallel to each other be-
tween columns (C1, C2, C3) or rows of rack recep-
tacles in such a manner that coupling of RFID chips
(26) attached to the racks is possible independently
of the direction of insertion of the respective rack
(22).

14. The rack assembly (20) according to claim 13,
wherein the antenna structure element (10) compris-
es a substantially flat carrier substrate (12) with a
first carrier surface (12.1) and a second carrier sur-
face (12.2) opposite the first carrier surface (12.1),
and comprising at least two antennas (14.1, 14.2)
applied on the carrier substrate (12), wherein a first
antenna (14.1) of the at least two antennas is applied
on the first carrier surface (12.1) and a second an-
tenna (14.2) of the at least two antennas is applied
on the second carrier surface (12.2).

15. A method to couple an RFID chip (26) of a laboratory
rack (22), comprising the following steps:

- providing at least two antenna element struc-
tures (10) according to any one of claims 1 to 10;
- placing the antenna element structures (10) in
parallel to each other so that their respective car-
rier surfaces (12.1, 12.2) are facing the carrier
surfaces (12.2, 12.1) of each adjacent antenna
element structure (10);
- placing one or more laboratory racks (22) with
RFID chips (26) on each respective laboratory
rack (22) between two adjacent antenna ele-
ment structures (10);
- consecutively or simultaneously energising
each antenna (14).

16. A laboratory device according to any one of claims
1 to 12, wherein the laboratory device comprises at
least one of a pipettor, a stirrer, a tempering device,
a shaker, or agitator,

17. An antenna structure element (10) for wireless cou-
pling with an RFID chip of a test tube rack (22), the
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antenna structure element (10) comprising a sub-
stantially flat carrier substrate (12) with a first carrier
surface (12.1) and a second carrier surface (12.2)
opposite the first carrier surface (12.1), and compris-
ing at least two antennas (14.1, 14.2) applied on the
carrier substrate (12), wherein a first antenna (14.1)
of the at least two antennas is applied on the first
carrier surface (12.1) and a second antenna (14.2)
of the at least two antennas is applied on the second
carrier surface (12.2).
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