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data communication module (100) for a drug injection
device. The wireless data communication module (100) com-
prises a folded flexible carrier member (107) comprising a
plurality of stacked component support regions (203, 205,
207, 209, 211) and a display (103), such as a LCD or OLED
display, electrically connected to a first component support
region (203) of the folded flexible carrier member (107) via a
first set of electrical connection terminals. The display (103)
comprises an outwardly facing readable display and an op-
posing, downwardly facing, optical reflector (319). The wire-
less data communication module (100) additionally com-
prises a NFC antenna (105) attached to a second component
support region (205) of the folded flexible carrier member
(107) situated below the first component mounting region
(203). The optical reflector (319) of the display comprises an
optically reflective and non-magnetically permeable material.
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A WIRELESS DATA COMMUNICATION MODULE FOR DRUG INJECTION DEVICES

The present invention relates to a wireless data communication module for a drug
injection device. The wireless data communication module comprises a folded flexible
carrier member comprising a plurality of stacked component support regions and a
display, such as a LCD or OLED display, electrically connected to the first component
support region of the foldable carrier member via a first set of electrical connection
terminals. The display comprises an outwardly facing readable display and an opposing,
downwardly facing, optical reflector. The wireless data communication module additionally
comprises a NFC antenna attached to a second component support region of the folded
flexible carrier member situated below the first component mounting region. The optical
reflector of the display comprises an optically reflective and non-magnetically permeable

material.

BACKGROUND OF THE INVENTION

The present invention relates to a wireless data communication module for drug injection

or administration devices. Drug injection devices have greatly improved the lives of
patients who must self-administer drugs or biological agents. Drug injection devices are
also of great utility for care givers in administering injectable medicines to patients which
for various reasons are incapable of performing self-injections. Performing a necessary
insulin injection to a diabetes patient at the correct time and in the right dose size is
essential for managing diabetes, i.e. it is important that the patient is in compliance with
the specified insulin regimen. Drug injection devices may take many forms, including
simple disposable devices that are little more than an ampoule with an injection means or
they may be durable devices adapted to be used with pre-filled cartridges. Drug injection
devices often comprise a pen shaped housing structure with a relatively small outer
diameter such that the patient can conveniently grip and manipulate the drug injection

device in connection with self-administration of the drug or biological agent in question.

To allow medical personnel to determine the effectiveness of a prescribed dosage regime
or pattern, diabetes patients are often encouraged to keep a log of the size and time of
each insulin injection. However, such data logs are normally kept in handwritten
notebooks such that the logged information may not be easily uploaded to a computer for

data processing. Furthermore, as only events, which are noted by the patient, are logged,
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the note book system requires that the patient remembers to log each injection, if the
logged information is to have any value in the treatment of the patient's disease. A missing
or erroneous record in the log results in a misleading picture of the injection history and
thus a misleading basis for the medical personnel's decision making with respect to future
medication. Consequently it is generally desirable to automate logging of dosage
administration or injection information of drug injection devices by including suitable data
recoding electronics of the drug injection devices. Furthermore, to conveniently transfer
the acquired dosage administration or injection data to an associated computerized
treatment system or component at the hospital or at a doctor’s clinic, it is advantageous to
include a wireless data transmitter or transceiver in the drug injection device. The
acquired dosage administration or injection data may also be transferred to an
intermediary portable data communication device such as a smartphone or tablet. The
latter devices may be connected to the computerized treatment system via a wired or
wireless data communication link for example including an internet connection. The
wireless data transmitter or transceiver of the drug injection device may operate according
to standardized data communication protocol such as Near Field Communication (NFC)
as defined by the NFC Forum to establish a wireless data communication link to the
computerized treatment system. However, drug injection devices such as a pen shaped
device are subjected to severe limitations with respect to the overall size/diameter of a
housing of the drug injection device to provide an appealing and sellable design. Hence,
the electronic and mechanical components housed in the drug injection device are
subjected to the same size constraints. These size constraints combined with the
desirable integration of electronic dose logging electronics, a battery, a display and
wireless data communication capabilities lead to various interoperability problems, in

particular a size and placement of a wireless antenna for wireless data communication.

WO 2014/128156 A1 discloses a sensor assembly comprising first and second portions
and an NFC antenna for integration in a drug delivery device. The first portion comprises a
first rotary sensor part with a surface with a plurality of individual electrically conducting
sensor areas arranged in a pattern. The second portion comprises a second rotary sensor
part arranged rotationally relative to the first portion thereby defining an axis of rotation.
The second rotary sensor part comprising a plurality of contact structures adapted to be in

contact with conducting sensor areas on the first sensor rotary part.



10

15

20

25

30

WO 2016/110592 PCT/EP2016/050320

The present invention provides a NFC based wireless data communication module in a
compact module size without compromising data transmission distance and display
readability. In the following disclosure aspects and embodiments of the present invention
will be described which address one or more of the above objects or which address
objects apparent from the disclosure as well as from the description of exemplary

embodiments.

SUMMARY OF INVENTION

A first aspect of the invention relates to a wireless data communication module for a drug

injection device. The wireless data communication module comprises a folded flexible
carrier member comprising a plurality of stacked component support regions and a
display, such as a LCD or OLED display, electrically connected to a first component
support region of the folded flexible carrier member via a first set of electrical connection
terminals. The display comprises an outwardly facing readable display and an opposing,
downwardly facing, optical reflector. The wireless data communication module additionally
comprises a NFC antenna attached to a second component support region of the folded
flexible carrier member situated below the first component support region. An electronics
circuit assembly of the wireless data communication module comprises at least a
processor and a non-volatile memory, where the electronics circuit assembly is attached
to a third component support region of the folded flexible carrier member situated below
the second support region. The optical reflector of the display comprises an optically
reflective and non-magnetically permeable material. The non-magnetically permeable
material of the optical reflector preferably has a relative permeability . of less than 1.5, or

less than 1.1, such as 1.0 or less.

The non-magnetically permeable material of the optical reflector allows the NFC antenna
to be situated below the display LCD or OLED display without causing significant
attenuation of magnetically carried or transmitted data signals between the NFC antenna
and a receiving device such as a NFC enabled portable communication terminal e.g. a
smartphone or tablet. This feature allows an area of the display LCD or OLED display to
be larger than or equal to an area of the NFC antenna without causing unacceptable
attenuation of the magnetically carried data signals due to an electromagnetic shadow
effect of the optical reflector when the NFC antenna is situated below in the folded or

stacked configuration of the first, second and third component support regions of the
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wireless data communication module. Since typical drug injection devices are subjected to
severe housing size constraints as discussed above, it is advantageous to provide the
largest possible area of the LCD or OLED display to improve its readability. This is
achieved by the present wireless data communication module because of the non-
magnetically permeable material of the optical reflector. The non-magnetically permeable
material of the optical reflector may additionally be non-metallic and for example comprise
a reflective display film as discussed in additional detail below with reference to the

appended drawings.

The non-magnetically permeable optical reflector of the LCD or OLED display may
possess a predetermined reflector area delimited by an outer circumferential reflector
edge. The NFC antenna may have a predetermined antenna area delimited by an outer
circumferential antenna edge. The predetermined antenna area may be smaller than the
predetermined reflector area to support a display with large dimensions even when the
NFC antenna is aligned below the LCD or OLED display in a stacked configuration of
module components as discussed above. The NFC antenna is preferably substantially flat
and the outer circumferential antenna edge may have various shapes such as circular,
rectangular, elliptical etc. The predetermined antenna area is preferably smaller than 314
mm?, which corresponding to an antenna diameter of 20 mm, or more preferably smaller
than 180 mm? corresponding to an antenna diameter of about 15 mm to allow integration
into a modest sized housing structure or member of the wireless data communication
module. The housing member of the wireless data communication module may surround
and protect the folded flexible carrier member and the components mounted thereon from
the external environment. The LCD or OLED display may be attached at an aperture of a
proximal end of the housing member with the outwardly facing readable display projecting
away from the housing structure. One embodiment of the housing member comprises a
cylindrical housing structure comprising a central longitudinal axis, a proximal annular end
and a distal, opposing, annular end. The NFC antenna may be arranged below the non-
magnetically permeable optical reflector along the central longitudinal axis such that the
outer circumferential reflector edge completely overlaps the outer circumferential antenna
edge. The cylindrical housing structure makes the present wireless data communication
module well-suited for integration in a pen shaped drug injection device. The cylindrical
housing structure may have a diameter between 15 mm and 30 mm, even more

preferably between 17 mm and 25 mm, to accommodate integration in ordinary pen
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shaped drug injection devices. In the present context the diameter is defined as the
largest diameter of the cylindrical housing structure measured between its outer wall

surfaces.

The folded flexible carrier member may possess numerous different structures. The folded
flexible carrier member may comprise a Flexible Printed Circuit for example a flexible
printed circuit board where the plurality of component support regions is integrally formed.
The flexible printed circuit may be formed as a single coherent structure providing
mechanical support of the components, e.g. the display, the NFC antenna, the electronics
assembly etc., at the respective component support regions, and establishing electrical
interconnections between the relevant components of the wireless module. Each of the
component support regions of the flexible printed circuit board may be more rigid than
other foldable sections connecting two or more rigid component support regions to each
other. An alternative embodiment of the folded flexible carrier member comprises a
plurality of rigid printed circuit board sections, or ceramic substrate sections, comprising
the plurality of component support regions. The plurality of printed circuit board or ceramic
substrate sections may be mechanically and electrically interconnected using a plurality of
flexible and foldable conductor members. Each of the flexible and foldable conductor
members may comprise a flexible printed circuit board with appropriate electrical traces or

wires.

The NFC antenna may comprise a plurality of coil windings formed as wire traces of the
second component support region of the folded flexible carrier member to provide a
substantially flat structure of the NFC antenna. The NFC antenna may for example
comprise between 4 and 10 individual coil windings. One embodiment of the NFC antenna
comprises a first set of coil windings formed on a first surface of the second component
support region and second set of coil windings formed on a second surface of the second
component support region wherein the second surface is arranged oppositely to the first
surface on the second component support region. Each coil winding of the first set of coil
windings is preferably aligned with a coil winding of the second set of coil windings.
Additional properties and embodiments of the NFC antenna are discussed in further detail

below with reference to the appended drawings.
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The wireless data communication module may further comprise a magnetically permeable
sheet, such as a ferrite sheet, situated in-between the NFC antenna and the electronics
circuit assembly. This is achieved in an embodiment where the magnetically permeable
sheet is attached to a fourth component support region of the folded flexible carrier
member where the fourth component support region is situated in-between the second
and third component support regions shielding the NFC antenna from EMI noise
generated by the electronics circuit assembly. The magnetically permeable sheet may
additionally be electrically conductive, e.g. comprising ferrite, to attenuate electrical field
components of the EMI noise emitted by the electronics circuit assembly. A spacer may
be attached to a first surface of the magnetically permeable sheet and the spacer may
comprise an adhesive agent or foil for attachment to the fourth component support region
of the folded flexible carrier member. The magnetically permeable sheet and spacer may
form part of a separate EMI shielding module. The separate EMI shielding module may be
reflow soldering compatible to support surface mount technology (SMT) based
manufacturing of the flexible carrier member as discussed in further detail below with

reference to the appended drawings.

The second component support region and the fourth component support region may be
located on opposing surfaces of a common carrier segment of the folded flexible carrier
member, preferably such that the magnetically permeable sheet and the substantially flat
NFC antenna are aligned below each other. The common carrier segment may comprise
a double sided Flexible Printed Circuit or a double sided rigid PCB.

A second aspect of the invention relates to a drug injection device, in particular a pen
shaped drug injection device. The drug injection device comprises a pen shaped housing
structure having a cylindrical hollow body member extending between a distal pen section
and a proximal pen section, where the proximal pen section comprises a housing cut-out
for receipt of a wireless data communication module according to any of the above-
described embodiments thereof mounted in the housing cut-out as discussed in additional

detail below with reference to the appended drawings.

In some embodiments, the pen shaped housing structure may be fully or partly made of a
metal, such as a steel alloy or aluminium. In other embodiments, the pen housing

structure may be made from plastic, with or without a metallized outer surface. In some
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embodiments, the external diameter of the pen housing structure, at the proximal end
carrying the wireless data communication module, may be in the order of 14-20 mm, such

as in the order of 15-16 mm.

In some embodiments, the wireless data communication module is arranged in a module
housing structure which extends beyond an end surface of the housing structure. The
module housing structure may be configured axially movable as an injection button which

is pushed towards the pen housing structure for injection of a set dose.

In some further embodiments the NFC antenna of the wireless data communication
module is located spaced away with 8-13 mm axial distance, such as about 10mm axial
distance from the proximal end of the pen housing structure, when the injection button is
arranged in a pre-defined axial position relative to the pen housing structure. The device
may be configured to only accept data transfer with the receiving device when the
injection button assumes the predefined axial position. The pre-defined axial position may
correspond to the position the injection button assumes when the button has been pushed

in relative to the pen housing structure.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will be described in additional detail in connection

with the appended drawings, in which:

FIG. 1 is a simplified axial cross-sectional view of a pen shaped wireless data
communication module in accordance with a first embodiment of the invention,

FIG. 2 is a simplified schematic view of a flexible carrier member in an unfolded state for
use in the wireless data communication module,

FIG. 3 is a simplified schematic view of a LCD display of the wireless data communication
module,

FIG. 4 is a simplified schematic view of an EMI shielding module of the wireless data
communication module, and

FIG. 5 is a simplified schematic perspective view of an exemplary drug delivery or drug

injection device incorporating the wireless data communication module.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

FIG. 1 shows a simplified axial cross-sectional view of a pen shaped wireless data
communication module 100 suitable for use as a component or sub-assembly of a pen
shaped drug injection device. The pen shaped wireless data communication module 100
comprises a substantially cylindrical housing structure 102 enclosing various electronic
and other components of the wireless data communication module 100. The substantially
cylindrical housing structure 102 comprises a proximal annular end wherein a display 103,
such as a Liquid Crystal Display (LCD) or organic light-emitting diode (OLED) display, is
mounted below a transparent display window 101. The transparent display window 101 is
attached to an inner peripheral wall of the cylindrical housing structure 102 at the proximal
annular end thereof. The transparent display window 101 may therefore seal and protect
an interior volume of the cylindrical housing structure 102 against the external
environment while allowing information on the LCD display to be read. As shown, a
plurality of exposed sensor interface contacts or terminals 115 of a folded flexible carrier
member 107 project from a distal, opposing, annular end of the cylindrical housing
structure 102. As illustrated, the cylindrical housing structure 102 has small gradual
tapering from the proximal annular end towards the distal annular end. The LCD display
103 comprises an outwardly facing readable display section (refer to items 311, 313 of
FIG. 3) such that the user or patient is able to read information on the LCD display
through the transparent window 101 when the wireless data communication module 100 is
integrated in a drug delivery device as discussed in additional detail below with reference
to FIG. 5.

The folded flexible carrier member 107 comprises a plurality of stacked component
support regions where electronic and mechanical components of the wireless data
communication module 100 are mounted or attached. These component support regions
are preferably relative plane as illustrated to adequately contact and support plane
components mounted thereon. The stiffness of the plane component support regions of
the folded flexible carrier member 107 may be higher than the stiffness of folded sections
107a, 107b, 107¢ mechanically and electrically interconnecting the plane component
support regions. The flexibility of the folded sections 107a, 107b, 107¢ allows the flexible
carrier member 107 to be folded into the folded structure. The flexible carrier member 107
may comprise a flexible printed circuit board or a flex-rigid printed circuit board. The

skilled person will appreciate that the flexible carrier member 107 may be formed in
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alternative ways in other embodiments of the invention for example by a plurality of
separate printed circuit board pieces/sections or ceramic carrier pieces/sections
interconnected by various types of flexible and foldable conductor members such as
electrical wires or leads. The separate printed circuit board or ceramic carrier pieces may
comprise the plurality of component support regions. However, in the present embodiment
of the invention, the flexible carrier member is formed by a Flexible Printed Circuit 107.
The Flexible Printed Circuit 107 is in an unfolded state schematically illustrated on FIG. 2

as discussed below in further detail.

An electrical interface portion of the LCD display 103 is connected to a first component
support region 109 of the Flexible Printed Circuit 107 just below display window support
member 104. A substantially flat NFC antenna 105 is attached to a second component
support region of the folded Flexible Printed Circuit 107 such that the flat NFC antenna
105 is situated below the LCD display 103 mounted on the first component mounting
region in the folded state of the Flexible Printed Circuit 107. The wireless data
communication module 100 further comprises an electronics circuit assembly 111
attached to a third component support region of the Flexible Printed Circuit 107 situated
below the second support region due the 180 degrees bended folded section 107a of the
Flexible Printed Circuit 107. The electronics circuit assembly 111 may comprise a digital
processor such as a software programmable microprocessor, a clock circuit or clock
generator and a non-volatile memory such as EPROM or EEPROM. The non-volatile
memory may comprise an automatically collected data log or data record of the patient's
drug administration using the drug injection device where the wireless module 100 is
integrated. The electronics circuit assembly 111 preferably comprises a display driver for
the LCD display 103 and a wireless antenna transmitter or transceiver electrically
connected to the NFC antenna 105 such that the logged data can be wirelessly
transmitted via the NFC protocol to an external NFC compatible device such as a
smartphone or tablet forming part of a medical system. The electronics circuit assembly
111 and NFC antenna 105 may in addition be configured to receive various types of
wireless data from the external NFC compatible device. The LCD display 103 comprises
an optical reflector 319 which is opposing the outwardly facing transparent display portion
311, 313 discussed above. Hence, when the LCD display 103 is mounted in the wireless
data communication module 100 as illustrated on FIG. 1, the optical reflector 319 is

placed just above the NFC antenna 105. Due to the severely limited space in the interior
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of the housing structure 102 only a small axial separation may be provided between
optical reflector 319 and NFC antenna 105. Furthermore, near-field NFC communication
relies on the use of electromagnetic induction between two loop antennas to transmit
data. Hereby the NFC antenna 105 is a first loop antenna configured for being inductively
coupled with a second loop antenna when the two loop antennas are located within each
other's near field. Hence, the presence of magnetically permeable or conducting material
between the NFC antenna 105 and the NFC antenna of the receiving device, such as a
smartphone or tablet etc., will attenuate the transmitted magnetic signal. This magnetic
signal attenuation is particularly severe when an area of the optical reflector 319 is similar
to, or larger than, an area of the NFC antenna 105 because the electromagnetic shielding
effect becomes more effective. The amount of signal attenuation may be sufficient to
make data communication between the NFC antenna 105 and the receiving antenna

impossible or highly unreliable.

In that connection it is also noticeable that the electronics circuit assembly 111 may emit
various types of electromagnetic noise, for example due to the clock signals of the digital
processor, which interfere with the wireless communication channel between the NFC
antenna 105 and the receiving antenna. This problem has been addressed and solved by
the present inventors by the provision of a customized LCD display 103 where the
material of the optical reflector is formed by, or comprises, a non-magnetically permeable
and optical reflective material such as an optically reflective plastic film. The customized
LCD display 103 comprises an optical reflector 319 without the ordinary metallic and
magnetically permeable optical reflector materials. One embodiment of the optical
reflector 319 comprises a Vikuiti™ Reflective or Transreflective Display Film, such as a
black RDF-B type manufactured by 3M Electronic Display Lighting Optical Systems
Division. These films exhibit good optical properties in addition to the non-metallic and

non-magnetically permeable properties.

The Flexible Printed Circuit 107 of the wireless data communication module 100
additionally comprises a magnetically permeable sheet, for example a ferrite disc 106
attached to a fourth component support region of the folded Flexible Printed Circuit 107.
The fourth component support region is situated in-between the second and third
component support regions such that the substantially flat NFC antenna is

electromagnetically shielded from the previously discussed EMI noise generated by the
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electronics circuit assembly 111. The ferrite disc 106 is part of an EMI shielding module
400 illustrated on FIG. 4 in further detail. The electrically conductive and magnetically
permeable properties of the ferrite disc 106 are effective in reflecting and/or absorbing the
EMI noise emitted by the electronics circuit assembly 111. The EMI shielding module 400
(refer too FIG. 4) may comprise a non-metallic spacer 422 and an adhesive foil 421
attached to a first surface of the spacer. The adhesive foil 421 is used to attach the EMI
shielding module 400 to the fourth component support region. The second and fourth
component support regions of the folded Flexible Printed Circuit 107 are located on
opposing surfaces of a common Flexible Printed Circuit portion or segment (item 202 of
FIG. 2) of the folded flexible carrier member 107. As illustrated, the ferrite disc 106 and
the NFC antenna 105 are substantially aligned below each other, albeit separated by the

non-metallic spacer 422, along the central axis 122 of the module 100.

The Flexible Printed Circuit 107 of the wireless data communication module 100
additionally comprises a battery 119 attached to or abutting a fifth component support
region of the folded Flexible Printed Circuit 107 via a pair of battery connectors 117. The
fifth component support region is placed below the fourth component support region via
another folded section 107b of flexible carrier member 107. The battery 119 may comprise
one or more rechargeable or non-rechargeable battery cell(s) depending on the particular
application of the wireless data communication module 100. The battery 119 may supply
power to active components and circuits, such as the microprocessor 111a etc., of the
electronics circuit assembly 111 via conductive wire traces of the folded Flexible Printed
Circuit 107 running through the folded section 107b. A sixth component support region of
the folded Flexible Printed Circuit 107 is located at termination portion thereof and
comprises the previously discussed exposed sensor interface contacts or terminals 115.
These exposed sensor interface contacts or terminals 115 may be formed integrally on
the Flexible Printed Circuit 107 for example as exposed wire ends. The exposed sensor
interface contacts 115 may be used to establish electrical connection to various types of
sensors of the drug injection device for example a position encoder arrangement providing
dose size information, a mode sensor for providing information whether the drug injection
device is in dose setting mode or dose expelling mode, and an end of dose sensor
providing a signal indicating finalisation of a dosage expelling procedure. Further sensors
or electronic circuitry may also be envisaged, such as a cartridge sensor for recognizing a

cartridge identifier, cartridge presence sensor etc.
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Since the dimensions, including a radial dimension thereof, of the wireless data
communication module 100 are severely limited, it is generally advantageous and
desirable to make dimensions of the LCD display 103 as large as practically possible to
enhance the readability of text and graphics to be displayed. This implies that the optical
reflector likewise should be as large as practically possible. However, such large
dimensions of the optical reflector have the drawback that the electromagnetic shielding
effect of the magnetically carried data signals emitted, or received, by the NFC antenna
105 becomes more effective and attenuates the magnetically carried data signals. If the
area of a magnetically permeable optical reflector is larger than the area of the NFC
antenna, the attenuation of the magnetically carried data signals is high, in particular
along the central longitudinal axis 122 of the module 100. However, in the present
embodiment, the large dimensions of the LCD display 103 and its optical reflector 319 do
not cause attenuation of the magnetically carried data signals thanks to the non-
magnetically permeable material of the optical reflector 319. Therefore, it is unproblematic
that the area of the optical reflector 319 of the LCD display 103 is larger than the area of
the NFC antenna 105 in the present embodiment of the invention. In alternative
embodiments of the module, the area of the optical reflector 319 may of course be equal
to or smaller than the area of the NFC antenna 105 and still benefit from the lower
attenuation of the magnetically carried data signals afforded by the non-magnetically
permeable material of the optical reflector 319. In this context, the area of the NFC
antenna 105 is delimited by an outer circumferential antenna edge defined by the
outermost edge of a plurality of coil windings of the NFC antenna 105, except for the
antenna ends or terminations. The NFC antenna 105 comprises a plurality of coil windings
(not shown) formed as conductive wire traces on the second component support region of
the folded Flexible Printed Circuit 107. This makes it possible to integrate the NFC
antenna directly in the folded Flexible Printed Circuit 107 for example comprising
conventional copper traces leading to a highly cost-efficient, robust and compact design of
the NFC antenna 105. The NFC antenna 105 may comprise a coil with different number of
individual coil windings depending on application specific requirements and practical
constraints. In one embodiment, the NFC antenna 105 comprises between 2 and 10 coil
windings. The plurality of coil windings may be distributed between first and second
oppositely arranged surfaces of the second component support region of the folded

Flexible Printed Circuit 107 to utilize this support area in an efficient manner. Hence, first
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and second sets of coil windings may be formed on first and second surfaces,
respectively, of the second component support region. Each of first and second sets of
coil windings may comprise between 2 and 4 coil windings. In these double-sided
implementations of the NFC antenna 105, the second component support region may
comprise a double sided Flexible Printed Circuit section. Furthermore, each coil winding of
the first set of coil windings may be aligned with a coil winding of the second set of coil
windings to provide a compact antenna coil design providing a maximum area of the so-

called Proximity Integrated Circuit Cards (PICC) antenna zone.

The area of the NFC antenna 105 is preferably smaller than 180 mm? in the present
embodiment of the invention such that the antenna 105 can fit into the interior volume of
the cylindrical housing structure 102 when oriented in a radial plane of the housing
structure. The NFC antenna 105 preferably has a circular shape with a diameter of about
15 mm or smaller to optimize the antenna area to the inner cylindrical shape of the
housing structure 102 of the module 100. The skilled person will appreciate that the
antenna dimension is significantly smaller than the area of an 1SO14443-1 Class 6
compliant circular antenna making it particularly challenging to obtain the 1SO specified
sensitivity and transmission distance of the NFC antenna 105. The width of each coll
winding may lie between 0.70 mm and 0.50 mm and a thickness between 0.40 mm and
0.35 mm. The distance between individual coil windings of the antenna coil may be 0.1

mm or larger.

FIG. 2 shows a simplified schematic view of the Flexible Printed Circuit assembly 207
including the Flexible Printed Circuit 107 in an unfolded state and the above-discussed
components mounted thereon. The Flexible Printed Circuit 107 comprises the previously
discussed circular or semi-circular first, second, third, fourth and fifth component support
regions 203, 205, 207, 209 and 211, respectively, integrally formed in the carrier material
of the Flexible Printed Circuit. The first, second, third, fourth and fifth component support
regions 203, 205, 207, 209 and 211 are electrically and mechanically interconnected via
respective ones of the previously discussed folded, or foldable, sections 107a, 107b, 107¢
and 107d of the Flexible Printed Circuit 107. To obtain the stacked state of the Flexible
Printed Circuit 107 depicted on FIG.1, the second component support region 205 is firstly
folded against the third component support region 207 by folding section 107d such that

the ferrite disc 106 faces the electronics circuit assembly 111 and the NFC antenna 105,
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arranged on the opposite side of the second component support region 205, faces
upwardly. Thereafter, the first component support region 203 is folded against the second
component support region 205 such that the underside of the LCD display 103, including

the optical reflector 319, faces the NFC antenna 105 as discussed above.

The skilled person will appreciate that the Flexible Printed Circuit 107 and the electronic
and other components mounted thereon preferably are SMT compatible. This allows the
entire Flexible Printed Circuit assembly 207 to be assembled using conventional
automated surface mount technology (SMT) processing. The EMI shielding module 400,
including the ferrite disc 106, may be SMT compatible allowing a plurality of EMI shielding
modules 400 to be placed on a conventional reel tape ready for SMT mounting onto the
Flexible Printed Circuit 107.

FIG. 3 shows a simplified schematic view of the previously discussed LCD display 103.
The LCD display 103 comprises stacked configuration of display components. The
outwardly facing transparent display side comprises a liquid crystal member 311 arranged
below a top glass 313. A polarizer 321 may be attached to the outwardly facing side of the
top glass 313 as illustrated. The LCD display 103 further comprises a bottom glass
member 315 arranged below (referring to the depicted orientation of the LCD display) the
liquid crystal member 311. A contact portion or finger 317 of the bottom glass member
315 protrudes horizontally out from the stack of aligned display components comprising
the polarizer 321, top glass 313, liquid crystal member 311 and optical reflector 319. The
contact portion or finger 317 comprises a plurality of electrical display contacts 320 of the
LCD display 103 for receipt of display data. These display data are transmitted from the
previously discussed display driver of the electronics circuit assembly 111 via suitable
data wires of the Flexible Printed Circuit 107. In some embodiments of the invention,
suitably arranged interface terminals provided on a proximal end of the Flexible Printed
Circuit 107 may be directly connected to the plurality of electrical display contacts 320 as
schematically illustrated on FIG. 1. The lowermost portion of the LCD display 103
comprises the previously discussed reflective, non-metallic and non-magnetically

permeable optical reflector 319.

FIG. 4 shows a simplified schematic view of the previously discussed EMI shielding

module 400 comprising the ferrite disc 106. The EMI shielding module 400 is constructed
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such that it is compatible with reflow soldering processes used by conventional SMT
mounting technologies utilized to manufacture the the Flexible Printed Circuit assembly
207 as discussed above. A protective layer 421 is mounted on a top surface of the ferrite
disc 106 to protect the often rather brittle ferrite material from mechanical stress and
impacts. In the present embodiment, the protective layer 421 is constructed to additionally
withstand high temperature exposure in connection with reflow soldering which may
involve temperatures at or above 260 degree C. The EMI shielding module 400
additionally comprises a spacer 422 which is attached to a lower surface of the ferrite disc
106. The spacer 422 preferably comprises a non-magnetically permeable material and
creates a certain well-defined vertical (i.e. along the central axis of the module) distance to
the NFC antenna 105 in the folded state of the Flexible Printed Circuit 107. The thickness
of the spacer 422 may lie between 0.1 mm and 2 mm. The spacer 422 sets a certain
distance between the NFC antenna 105 and the ferrite disc 106 such the magnetic
properties of the latter does not interfere with the electromagnetic data signal emitted by
the NFC antenna. An adhesive layer, agent or film 423 is attached to the surface of the
spacer 423 facing away from the spacer 422. The adhesive layer, agent or film 423 may
be used to attach the EMI shielding module 400 to the second component support region
205 of the Flexible Printed Circuit 107.

FIG. 5 is a simplified schematic view of an exemplary pen shaped drug injection device
600. The pen shaped drug injection device 600 comprises a housing structure with a
cylindrical hollow body member 601 extending between a distal pen section 603 and a
proximal pen section 605. A drug cartridge 620 is housed inside the cylindrical hollow
body member 601. The proximal pen section 605 comprises a housing cut-out where the
previously discussed wireless data communication module 100 is inserted or arranged. A
distal outer wall section of the substantially cylindrical housing structure 102 of the module
100 fits into the housing cut-out of the cylindrical hollow body member 601 of the drug
injection device 600. The LCD display is situated at the proximal annular end of the
wireless data communication module 100 such that the transparent display window 101 is

placed at the proximal end surface of the drug injection device 600.

In the shown embodiment, the module 100 serves as a dose setting an injection button.

The dose setting and injection button is axially displaced away from an axial position in
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the housing as a dose is being dialled up. After a dose has been set, the button is axially

pushed back to the original axial position to inject the set dose.

The wireless data communication module 100 may be electrically connected to various
types of sensors, for example a dose sensor arrangement of the drug injection device 600
via the previously discussed exposed sensor interface contacts. In this manner, the non-
volatile memory of the wireless data communication module 100 may be used to
automatically collect the previously discussed data log or data record of the patient’s drug
administration. This data log may for example comprise the patient’s injected drug doses
and injection times. The content of the data log or record may be transmitted automatically
to the external NFC enabled computing device via the NFC antenna either automatically

or upon interrogation/request from the external NFC enabled computing device.
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CLAIMS

1. A wireless data communication module (100) for a drug injection device, comprising:,

- a folded flexible carrier member (107) comprising a plurality of stacked component
support regions (203, 205, 207, 209, 211),

- a display (103), such as a LCD or OLED display, electrically connected to conductors of
a first component support region (203) of the folded flexible carrier member (107) via a
first set of electrical connection terminals,

- where the display (103) comprises an outwardly facing readable display and an
opposing, downwardly, facing optical reflector (319),

- a NFC antenna (105) attached to a second component support region (205) of the folded
flexible carrier member (107) situated below the first component support region (203), and
- an electronics circuit assembly (111) comprising at least a processor and a non-volatile
memory, where the electronics circuit assembly is attached to a third component support
region (207) of the folded flexible carrier member (107) situated below the second support
region (205);

wherein the optical reflector (319) of the display (103) comprises an optically reflective

and non-magnetically permeable material.

2. A wireless data communication module according to claim 1, wherein the non-

magnetically permeable material of the optical reflector (319) additionally is non-metallic.

3. A wireless data communication module according to claim 1 or 2, wherein the optical
reflector (319) of the display (103) has a predetermined reflector area delimited by an
outer circumferential reflector edge; and

the NFC antenna (105) has a predetermined antenna area delimited by an outer
circumferential antenna edge,

wherein the predetermined antenna area is smaller than the predetermined reflector area.

4. A wireless data communication module according to claim 3, wherein the NFC antenna
(105) is arranged below the optical reflector (319) along a longitudinal axis of the wireless
data communication module (100) such that the outer circumferential reflector edge

completely overlaps the outer circumferential antenna edge along the longitudinal axis.
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5. A wireless data communication module for a drug injection device according to any of
the preceding claims, wherein the folded flexible carrier member (107) comprises a
flexible printed circuit board where the plurality of component support regions (203, 205,
207, 209, 211) are integrally formed.

6. A wireless data communication module for a drug injection device according to any of
claims 1-4, wherein the folded flexible carrier member (107) comprises a plurality of
printed circuit board sections comprising the plurality of component support regions (203,
205, 207, 209, 211), and

a plurality of flexible and foldable conductor members electrically interconnecting the

plurality of printed circuit board sections.

7. A wireless data communication module according to any of claims 3 - 6, wherein the
predetermined antenna area of the NFC antenna is smaller than 314 mm?, more

preferably smaller than 180 mm? (d=15 mm).

8. A wireless data communication module according to any of the preceding claims,
wherein the NFC antenna (105) comprises a plurality of coil windings formed as wire
traces of the second component support region (205) of the folded flexible carrier member

(107) to provide a substantially flat structure of the NFC antenna.

9. A wireless data communication module according to claim 8, wherein the plurality of
coil windings comprises:

- a first set of coil windings formed on a first surface of the second component support
region (205) and second set of coil windings formed on a second surface of the second
component support region wherein the second surface is arranged oppositely to the first

surface on the second component support region.

10. A wireless data communication module according to claim 9, wherein each coil
winding of the first set of coil windings is aligned with a coil winding of the second set of

coil windings.

11. A wireless data communication module according to any of the preceding claims,

further comprising:
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- a magnetically permeable sheet (106), such as a ferrite sheet, attached to the second
component support region (205) of the folded flexible carrier member (107), wherein the
second component support region is situated in-between the first (203) and third (207)
component support regions shielding the NFC antenna from EMI noise generated by the

electronics circuit assembly.

12. A wireless data communication module according to claim 11, wherein a spacer (422)
is attached to a first surface of the magnetically permeable sheet (106); and
the spacer comprises an adhesive agent or foil (423) for attachment to the second

component support region (205) of the folded flexible carrier member (107) .

13. A wireless data communication module according to claim 11 or 12, wherein the
magnetically permeable sheet (106) and the substantially flat NFC antenna (105) are

aligned relative to each other in an overlapping configuration.

14. A wireless data communication module according to any of the preceding claims,
further comprising:

- a cylindrical housing structure (601) comprising a central longitudinal axis, a proximal
annular end and a distal, opposing, annular end;

wherein the LCD or OLED display (319) is attached at the proximal annular end with the
outwardly facing transparent display projecting away from the cylindrical housing structure
(601).

15. A pen shaped drug injection device (600) comprising:

a pen shaped housing structure (601) having a cylindrical hollow body member extending
between a distal pen section and a proximal pen section, where the proximal pen section
comprises a housing cut-out for receipt of a wireless data communication, and

a wireless data communication module (100) according to claim 14 mounted in the

housing cut-out.
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