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display layer (101) comprising display material,
a backplane material structure with an antenna
(202), and a circuit board arrangement with con-
trol electronics for controlling the operation of
the label, such as the display and the radio com-
munication, and a resilient layer having a space
for a rigid component, such as a battery, where-
in said resilient layer is arranged to provide a
substantially even total thickness of said label
(100), wherein the radio communication control
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WIRELESS ELECTRONIC SHELF LABEL

Technical field

The present invention relates to electronic shelf [abels. Especially the present
Invention relates to wireless electronic shelf labels having a layered structure

and provided with an antenna and detector diode means.

Technical background

Electronically controllable compact display units find new and wider applications
continuously. A well-known and a steadily growing field of applications can be
found In stores and warehouses, where instead of conventional paper price la-
bels on the shelves, the prices and other product related information is dis-

played using electronic shelf labels.

The electronic shelf label system, also known by the acronym ESL, Is a system
used by retailers for displaying product pricing on shelves. Typically, electronic
shelf labels are implemented as electronic display modules that are attached to
the front edge of retail shelving. These modules use different technologies to
show the current product price and also other information to the customer. A
communication network allows the price display to be automatically updated
whenever a product price is changed. This automated system reduces pricing

management labor costs and improves pricing accuracy.

ESL's are particularly suitable for use in large shops or supermarkets that offer
thousands or tens of thousands product items for sale, whose prices must be

updated frequently and correctly.

The electronic display modules can be updated from a centralised control sys-
tem via wired or wireless communication. All-wired systems have obvious prob-
lems In terms of the layout limitations caused by complicated cabling due to the

high number of individual ESL displays. Wireless systems have their major
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technological bottleneck in the need for individual power supplies for each ESL
display unit and requirement for long power supply lifetime, 1.e. operational life-
time for the batteries. In addition, the wireless systems need to be able to pro-
vide dependable communication channel in an environment that has high num-
ber of individual receiver-transmitter units that in order to prolong the battery

life, need to operate with minimum transmitting power levels.

A display technology that is suitable for ESL applications is a so called Electron-
iIc Paper Display (EPD) that possess a paper-like high contrast appearance,
ultra-low power consumption, and a thin, light form. EPD's aim to give the view-
er the experience of reading from paper, while providing the capabillity to elec-
tronically update the displayed information. EPD's are a technology enabled, as
one possibility, by electronic ink. Such ink carries an electrical charge enabling
it to be updated through electronics. Electronic ink is well suited for EPD's as it
IS a reflective technology which requires no front or backlight, is viewable under
a wide range of lighting conditions, including direct sunlight, and requires no
power to maintain an image. Electrical power Is only consumed when the dis-
played data is changed. In order become widely applied in different type of ap-
plications, wireless ESL's or corresponding electronically controlled wireless
displays are faced with a number of requirements that are partly dictated by the
manufacturing process and partly by the end use, for example, the use, envi-

ronment and manageabillity in a store by the store personnel.

WO 0067110 (A1) (E Ink Corporation) discloses a display unit for electronic
shelf price label system that utilizes electronic ink and EPD technology. The
electronic display unit in WO 0067110 features a printable electronic display
comprising an encapsulated electrophoretic display medium. The resulting elec-
tronic display Is flexible and has in large measure the applications of a printed
display. Further, since the encapsulated electrophoretic display medium used in
the present invention can be printed, the display itself can be made inexpen-
sively. The encapsulated electrophoretic display medium is an optoelectronical-
ly active material which comprises at least two phases: an electrophoretic con-

tfrast media phase and a coating/binding phase. The electrophoretic display
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medium can form, for example, a full color, multi-color, or two color (e. g. black
and white) display. The electrophoretic phase comprises at least one species of
encapsulated electrophoretic particles, having distinct physical and electrical
characteristics, dispersed in a clear or dyed suspending fluid. The coat-
Ing/binding phase includes a polymer matrix that surrounds the electrophoretic
phase. In this embodiment, the polymer in the polymeric binder is capable of
being dried, crosslinked, or otherwise cured as In traditional inks, and therefore
a printing process can be used to deposit the encapsulated electrophoretic dis-

play medium onto a substrate.

In ESL’s from the manufacturing point of view, in the order to achieve truly low
cost ESL's, a roll-to-roll or web-based manufacturing process is preferred. This
brings about severe limitations to the encapsulation of the ESL's to be suitable
for such manufacturing methods, for example, due to the requirement a certain
level of flexibility of the structures. Typically not all of the components required
In an ESL and having cost and technical performance at acceptable level are
nowadays available as mechanically flexible structures and this limitation would

need to be somehow addressed in the manufacturing methods.

In order for the ESL's to be easily manageable during the manufacturing
process and In the following logistical steps, the encapsulation of the ESL's
need to provide a somewhat flexible structure against damage and preferably
even thickness of the encapsulation or casing without any protruding or intend-
INng rims or order structures. Reasons for such requirements arise from, for ex-
ample, simple and easy packaging and delivery of the items to the end user
from the manufacturer, any preparations, automated or manual, needed for the
ESL's to be used In the shelves (often also including adding conventional
printed information on the ESL's) and installation/mounting of the ESL's on the
shelves or holders therein. ESL's undergo a lot of handling during the prepara-
tion before they are installed to those substantially permanent final locations in
the shelves. This make the requirements for these display modules clearly dif-
ferent from those of, for example, small sized electronic devices to be personal-

ly carried out In pockets etc. This also opens up more possibilities to choose
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materials as well In many cases relieves requirements for the size/dimensions
of the devices. Further, the structure and encapsulation of ESL's need to be
such that the wireless communication with the control systems can be realized
with minimal or negligible interference from the encapsulation itself or by the
surrounding structures, such as the metal shelves that the ESL's are to be at-

tached to in the shop.

In addition, the preferred shape of the encapsulated devices in some applica-
tions Is not a straight card type shape, but in order to improve the visual ap-
pearance and readability, the ESL display can also have a slightly curved shape
so that the displayed information appears on the outwards curved surface. Fur-
ther, In many applications the extreme thinness of the product might not be pre-

ferable, because it can complicate the handling of ESL's.

WO 2009103857 (A1) (Marisense Oy) discloses a layered thin display unit for
ESL’s comprising a flexible display layer having display material, preferably
epaper, a flexible backplane layer having an electrode structure for driving the
display material, a rigid component and a resilient layer. The unit Is provided
with wireless communication means including an antenna that is arranged in the
backplane layer. This thin layered structure enables a roll-to-roll or web-based

manufacturing process.

The main benefits of the display modules according to WO 2009103857 lie Iin
the mechanical resistance of substantially thin and flexible display module lami-
nates against mechanical impacts, as well as in the completely smooth outer
surface and even thickness to aid overall manageabillity. Further, the encapsula-
tion technique results in casings that have good performance in respect to the
wireless communication using an internal antenna. A further benefit is the fact
that the visual appearance of the ESL's resembles paper sheets or paper labels
that are familiar for the customers and that can also be placed in the same type
of holders, pockets or space as the conventional paper labels. It further allows

using such energy source, for example, battery solutions, that provide long op-
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erational lifetimes without high cost that would be inherent for more exotic bat-

tery technologies.

The ESL's may, like in WO 2009103857, be implemented as semi-active RF
tags that may be powered from incident RF communicating via modulated
backscatter. For this reason the ESL's have to be provided with a detector di-
ode. The problem with the prior art detector diode arrangements is the complex
structure that does not allow continuous manufacturing methods and also poor
electrical properties, mainly due to the insufficient signal strength in signals

which the indicator diode receives via the antenna.

Summary of the invention

The aim of the present invention is to provide a novel and inventive ESL struc-
ture that improves the electrical properties of the ESL's, especially the operation

of the detector diode, and also simplifies the manufacturing process.

The present invention Is based on the idea that the detector diode Is connected
to the antenna in an antenna connection point area where the antenna signal

has Its maximum.

In a preferred embodiment the detector diode is connected to the connection
point in the antenna via a conductor that leads the antenna signal to the detec-
tor diode. In this way the diode can be arranged in the controlling electronic cir-
cult adjacent to the antenna which further simplifies the manufacturing process
as the diode can be connected to the flexible circuit board together with the oth-

er components and not to the antenna.

In another preferred embodiment the connection conductor is arranged on the
opposite side of the flexible circuit board than the antenna and connected to the
antenna by means of conducting vias. In this way the conductor length can be

minimized.
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The present invention is in detail defined in independent claim 1 and its pre-

ferred embodiments are in detail defined in the other claims.

The problems with the prior art solutions are related to the structure of the elec-
tronic label because In the electronic label the antenna is part of the structure of
the electronic label. The optimal places for the detector diode can be measured
and they can be In different parts of the antenna layer, for example in the middle
of the antenna layer. With the solution of this invention the antenna layer is on
top of polyester layer, and therefore the detector diode cannot be soldered to
the polyester layer because the layer tolerates heat only up to 150 C degrees.
Therefore the diode cannot be attached directly to the most optimal spot at the
antenna layer with reasonable costs or without extra phases in manufacturing

process. Because of costs, usage of polyester-type layer Is preferred.

The benefit with the solution of the present invention with the multilayered struc-
tures is that despite of the structural and process limitations described above
the signal can be brought out from the optimal spot of the antenna layer and to
flexible circuit board. With the solution of the present invention the detector di-
ode can be attached to the same layer and place with the other components to
the polyamide flexible circuit board. This way the detector diode can receive the
optimal signal although it's not itself located at the optimal spot on the antenna
layer. The connection from the antenna layer to the detector diode can be made
with the same way as other connections between the flexible circuit board and

the backplane using e.g. anisotropic conducting connection.

With the solution of the present invention no extra manufacturing phases are
needed when the detector diode Is attached to the same layer with other com-
ponents. It can be attached and soldered using the same methods and
processes as the other components. This solution of the present invention also
creates lower costs in production. Another benefit is that when the detector di-
ode Is located at the same location as the other components usage of the ex-

pensive polyamide circuit can be kept minimal in the manufacturing process.
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Brief description of the drawings

The foregoing, and additional objects, features and advantages of the present
iInvention will be more clearly understood from the following detailed description
of preferred embodiments of the present invention, taken in conjunction with

accompanying drawings, in which:

Fig. 1 presents an electronic shelf label system for displaying product pricing on

shelves,

Fig. 2 presents an ESL module according to the present invention together with

a plastic holder,

Figs. 3a and 3b present the antenna and the control electronics with the detec-
tor diode according to the first embodiment of the present invention in a top

view and In a cross sectional view,

Figs. 4a and 4b present the antenna and the control electronics with the detec-
tor diode according to the second embodiment of the present invention in a top

view and In a cross sectional view, and

Figs. 5a and 5b present the antenna and the control electronics with the detec-
tor diode according to the third embodiment of the present invention in a top

view and In a cross sectional view.

Detailed description of preferred embodiments

Figure 1 shows an ESL (Electronic Shelf Label) system utilizing ESL’s 100 im-
plemented as a semi-active tag in a supermarket or similar sale environment
where the shelves 101 are equipped with ESL displays that are typically at-
tached in shelf rails carrying plastic ESL holders 102. ESL displays are placed
In locations corresponding to the products on the shelves to be easily perceiva-

ble for the customers.
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ESL displays communicate in a wireless manner with the base stations 103.
This wireless communication method may is based on passive backscatter ra-
dio communication. In this approach the base stations actively send radio sig-
nals and instead of answering with active radio transmission, the ESL modules
do not use a radio transmitter; instead, they answer by modulating the reflected
power of the base station signal. The modulation is achieved, typically, by
changing the load state of the ESL antenna in the ESL module, for example, by
connecting and disconnecting the antenna between the ground and non-ground
potential. This modulation of the backscattered signal allows for the ESL mod-

ules to answer to the base stations and further to the store level server 104.

Each ESL module can be identified by its own identification code that the ESL
module In question knows to listen for in the transmission from the base station.
After receiving new information, instructions or commands from the store server
via bases station, the ESL module can acknowledge the reception of these In-
structions by using the reflected backscattering modulated properly and timely
for the store level server to identify that the response is coming from the ESL
module is question. To facilitate that the store server may have a certain listen-
INng period after a transmission directed to a certain ESL module for giving the

module possibility to answer during that time.

Base stations are typically connected in a wired manner, for example, via
Ethernet connection or via WLAN or corresponding wireless communication
connection to a base station controller 105. This base station controller is fur-
ther connected to a controller software running in a store level server containing
the price and other product information. Some retail chains may have the server

only in the head office.

When price information is changed in the store level server locally according to
pre-programmed instructions therein or manually by the shopkeeper or, remote-
ly, from instructions received from a store chain level server 108, this informa-

tion will be delivered through the base stations to individual ESL displays.
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The corresponding price information Is also made available to the check-out
counter 106 that is arranged in communication with the store level server. A
further possibility for modifying the content of the information send to individual
ESL displays is the use of a handheld terminal 107. A handheld terminal can be
used by a member of the shop staff allowing him/her to freely move around in
the shop and communicate in a wireless manner with the store level server and
POS system. This communication can be achieved via a wireless communica-
tion network allowing using Personal Digital Assistant (PDA) type computing
devices with inherent wireless communication capabilities. The handheld ter-
minal can contain only limited functionalities or depending on the processing
power of the device, it can be used to control the full capabilities of the applica-
tion running In the store level server. In some applications in smaller shops with
a fewer number of ESL displays, a handheld terminal may be used instead of a
separate store level server. A mobile phone may also be used as a contacting

means to the POS and further to the pricing system, too.

Further, the shop level server can be In connection with a chain level server that
can provide identical price and product information to several stores belonging

to the same chain of stores.

Figure 2 shows an ESL display module 100 together with a plastic clip holder
200 where the display module is attached to the clip holder 200. The holder 200
can be attached, typically, to the front rail of a shelf and facilitates easy installa-
tion of the ESL display. The ESL module may also be attached directly to the

shelf or to a self edge rall other structure without a separate holder.

In the example embodiment in Fig. 1, the size of the ESL module is approx-
imately 90 mm (width) x 45 mm (height) x 2 mm (thickness). This gives the dis-
play module, or label a convenient size for convenient manual handling, occu-
pying a suitably sized space in the shelf and also large enough text and num-

bers to be easily visible for a customer.

The above dimensions are just exemplary giving idea of the size class of the
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module. The size of the modules according to the invention can vary from these

according to the application.

The ESL display module 100 in Fig. 2 has a layered structure. It consists es-
sentially of a flexible epaper display layer 201 comprising epaper display ma-
terial, a backplane layer as a flexible circuit board having an electrode struc-
ture (not shown) for controlling the display, a substantially rigid component,
wherein the thickness of said rigid component is greater than the thickness of
said flexible display layer and the thickness of said flexible backplane layer,
and a resilient layer having a cut-out space for said rigid component, wherein
said resilient layer is arranged to provide a substantially even total thickness of

sald device.

The module further comprises wireless communication capabilities with an an-
tenna 202 on the same flexible circuit board 203 as the display control (Fig. 3a),
as the ESL is implemented as semi-active RF tags that is powered from incident
RF communicating via modulated backscatter, and a separate flexible circuit
board 204 with a detector diode 205 wherein the same diode may be used In
both receive and acknowledgment modes. The separate flexible circuit board
204 controlling the operation of the ESL is smaller than the display control and
antenna board 203 and arranged under the backplane board as can be seen in
Fig. 3D.

The rigid component may be an energy source, an accumulator, and has been
encapsulated in a cut-out space by laminating said display, backplane, control
circuit board and resilient layers together. Further, the display layer, the back-
plane layer, the resilient layer and the rigid component are located between two
protective layers. The rigid component has been attached to the flexible printed
wire board 204 operating as a submodule under the backplane and the anten-

na.

Manufacturing of the ESL’s is implemented basically on the web-type roll-to-roll

manufacturing methods that is not described here in detall as it is not essential
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for this invention. The continuous web-shaped product may be die cut into Indi-
vidual labels 100.

The backplane and the antenna circuit board 203 and the ESL control circuit
board 204 are patterned plastic films (PET or PC or PVC or polyimid) with pat-
terned conductive copper layers 205 — 208 on the top and bottom surfaces (see
details in Figures 3a and 3b). The forming and patterning of the conductors can
be made using any method known as such for a person skilled in the art, for
example by direct printing of conductive ink or by etching of a thin metal layer.
The lower surface of the backplane has display segment feed lines patterned In
a similar way. Each display segment is electrically connected to a correspond-
Ing display segment feed line through a preferably laser processed via. Also
other ways of providing feed-through vias are possible as Is evident for a person
skilled In the art. In phase 2, in order to establish an electrical contact from the
backplane segments to the display front electrode, that is in this example on the
front surface of the flexible electronic display web, an electrically conducting
tape Is laminated on the backplane area acting as a front electrode feed line.
Alternatively and instead of an electrically conducting tape, electrically conduct-
Ing paste or similar material with adhesive nature may be dispensed on the

backplane web to make contact with the front plane electrodes.

Further, according to the present invention the detector diode is connected to
the antenna via connection conductors 209, 210 in an antenna connection
points 211, 212 where the antenna signal has its maximum, in fig. 3a at the

front edge In the middle near the bottom of the V formed front edge.

The detector diode can be arranged in the controlling flexible circuit board 204
connected to the flexible circuit board together with the other components on
the opposite side (underside) of the board 204. The connection conductors are
arranged on the opposite side of the flexible circuit board than the antenna di-
rect over the underside of the board and connected to the antenna by means of
conducting vias 213, 214 and t the diode by means of a third conducting via 215

on the control circuit board.
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An antenna required for the wireless communication is formed on the backplane
board together with the conductors required to drive the e-ink display, and dif-
ferent embodiments are shown in Figs. 3a, 3b, 4a, 4b, 5a and 3b. In Figs. 4a,
4b, 5a and 5b the antenna structure 302, 402 consists of two triangular forms
and the conductors 309, 310, 409, 410 are arranged between them (Fig. 4a) or
outside them (Fig. 5a) on the same or opposite side of the circuit board. In the
latter case conducting vias 313, 314, 3195, 413, 414 and 415 are used (Fig. 4b
and Fig. 5b).

As a further advantage, the manufacturing process according to the invention
gives possibility to manufacture display labels that can be made curved in
shape. This can be done by adjusting the tension between the different lami-
nated layers together with proper selection of materials. The upper surface of

the display label 100 may be e.g. convex or concave.

The invention provides possibility to manufacture display module structures that
despite of their significant thickness, at least more than 1 mm but typically in the
range of 2 mm, have certain amount of flexibility and still maintain well their
original shape, Further, the encapsulated display modules 100 can be made
very light compared to their size, which makes the convenient and easy to han-
dle both manually and automatically. In prior art products and encapsulation
methods, increasing thickness typically decreases the flexibility, whereas in the
products according to the invention the flexibility and the benefits therein are
preserved better even if conventional rigid components are to be used as a part
of the device ESL. Further, instead of one diode also two diodes or even more

may be used.
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CLAIMS

1. A wireless electronic shelf label (100) having a layered structure comprising:
a display layer (101) comprising display material, a backplane material structure
with an antenna (202), and a circuit board arrangement with control electronics
for controlling the operation of the label, such as the display and the radio
communication,

and

a resilient layer having a space for a rigid component, such as a battery, where-
In said resilient layer is arranged to provide a substantially even total thickness
of said label (100),

wherein the radio communication control further comprises means for radio fre-
quency communication via modulated backscatter with at least one detector
diode (205),

characterized in that

the detector diode is connected to the antenna in at least one antenna connec-

tion point where the antenna signal has its maximum or at least near maximum.

2. The wireless electronic shelf label (100) according to claim 1, characterized
In that the detector diode Is connected to the connection point in the antenna via

a conductor that leads the antenna signal to the detector diode.

3. The wireless electronic shelf label (100) according to claim 1 or 2, characte-
rized in that the connection conductor is arranged on the same side or opposite
side of the circuit board than the antenna and when arranged on the opposite

side connected to the antenna by means of conducting vias.
4. The wireless electronic shelf label (100) according to any of the claims 1 to 3
wherein said antenna and the control electronics are arranged on separate cir-

cuit boards.

5. The wireless electronic shelf label (100) according to any of the claims 1 to 4
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wherein said antenna and control electronics are arranged on the same flexible
circuit board.

6. The wireless electronic shelf label (100) according to any of the claims 1 to 4
5 wherein said antenna and control electronics are arranged on separate circuit

boards arranged adjacent to each other on different levels.

/. The wireless electronic shelf label (100) according to any of the claims 1 to ©

wherein the circuit board or boards for said antenna and control electronics
10 I1s/are flexible.
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