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(54) TRANSFLECTIVE, PCM-BASED DISPLAY DEVICE

(57) The invention is notably directed to a transflec-
tive display device (1). The device comprises a set of
pixels (2), wherein each of the pixels comprises a portion
(10) of bi-stable, phase change material, hereafter a PCM
portion, having at least two reversibly switchable states,
in which it has two different values of refractive index
and/or optical absorption. The device further comprises
one or more spacers (14), optically transmissive, and ex-
tending under PCM portions of the set of pixels. One or
more reflectors (15) extend under the one or more spac-
ers. An energization structure is in thermal or electrical
communication with the PCM portions, via the one or
more spacers. Moreover, a display controller (30) is con-
figured to selectively energize, via the energization struc-
ture, PCM portions of the pixels, so as to reversibly switch
a state of a PCM portion of any of the pixels from one of
its reversibly switchable states to the other. A backlight
unit (40) is furthermore configured, in the device, to allow
illumination of the PCM portions through the one or more
spacers. The backlight unit is controlled by a backlight
unit controller (42), which is configured for modulating
one or more physical properties of light emitted from the
backlight unit. The invention is further directed to related
devices and methods of operation.
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Description

BACKGROUND

[0001] The invention relates in general to the field of
display devices based on phase change materials (PC-
Ms) and related methods of operation. In particular, it is
directed to a transflective display.
[0002] There has been considerable research into
PCM technology and its use in optoelectronic devices
such as ultra-high resolution reflective displays, see-
through displays, and force sensors. PCMs include ma-
terials that can be electrically switched between two or
more phases that have different optoelectronic proper-
ties. Bi-stable PCMs are particularly attractive because
after a phase transition has been completed it is not nec-
essary to continuously apply power to maintain the de-
vice in the new state. In this way displays can be manu-
factured with low power consumption.
[0003] In order to further minimise power consumption,
reflective PCM displays have been proposed. In a reflec-
tive display, a mirror placed below the PCM element re-
flects back the ambient light incident on the display, which
effectively passes through the device twice, it being un-
derstood that ambient light can be naturally generated
or not. This, in principle, eliminates the need for a back-
light and further substantially reduces the power con-
sumption of the display. Furthermore, in bright sunlight
the display is fully visible, unlike displays with a backlight
which tend to be partially or fully obscured by high am-
bient light levels. However, a disadvantage of the reflec-
tive displays is that they can typically not be viewed in
low ambient light or darkness as they do not generate
light of their own.
[0004] On the other hand, transflective liquid-crystal
displays are known, which combine advantages of re-
flective displays with some form of backlighting, thus al-
lowing them to be used in low light conditions. For exam-
ple, US2003067760 (A1) describes a waveguide that can
be used in an edge-lit arrangement, which has a high
brightness and makes efficient use of light coupled there-
to, for use in liquid-crystal displays.

SUMMARY

[0005] According to a first aspect, the present invention
is embodied as a transflective display device. The device
comprises a set of pixels, wherein each of the pixels com-
prises a portion of bi-stable, phase change material
(hereafter a PCM portion), having at least two reversibly
switchable states, in which it has two different values of
refractive index and/or optical absorption. The device fur-
ther comprises one or more spacers, optically transmis-
sive, and extending under PCM portions of the set of
pixels. One or more reflectors extend under the one or
more spacers. An energization structure is in thermal or
electrical communication with the PCM portions, via the
one or more spacers. Moreover, a display controller is

configured to selectively energize, via the energization
structure, PCM portions of the pixels, so as to reversibly
switch a state of a PCM portion of any of the pixels from
one of its reversibly switchable states to the other. In
addition, a backlight unit is configured, in the device, to
allow illumination of the PCM portions through the one
or more spacers. The backlight unit is controlled by a
backlight unit controller, which is configured for modulat-
ing one or more physical properties of light emitted from
the backlight unit.
[0006] The present approach exploits spacers present
in known, reflective PCM displays to achieve a transflec-
tive PCM displays, which combines advantages of PCM-
based displays and transflective displays. I.e., the
present devices can be used in low light conditions (with
backlighting), while allowing low power operation under
ambient lighting.
[0007] In preferred embodiments, the energization
structure is a heating structure that is electrically insulat-
ed from the PCM portions but in thermal communication
therewith, via the spacers. The heating structure prefer-
ably extends under the one or more reflectors or laterally
thereto, or are integral therewith. The spacers are ther-
mally conducting and the display controller is configured
to energize the heating structure to thereby selectively
heat PCM portions of the pixels, so as to reversibly switch
a state of a PCM portion of any of the pixels from one of
its reversibly switchable states to the other.
[0008] Relying on thermal activation of the PCM pixels
allows larger regions of the PCM portions to be switched,
which, in turn, improves optical properties of the devices,
compared to devices where PCM pixels are electrically
switched, e.g., by applying a voltage, which typically re-
sults in filamentary switching a (smaller) region of the
PCM. Thermal switching is enabled through the spacers,
which need be thermally conducting. The spacers have
a further advantage that they contribute to diffuse heat
from the heater elements of the heating structure, which
eventually allows a more uniform switching of the PCM
and, therefore, larger regions of the PCM portions to be
switched, which eventually improves optical properties
of the devices.
[0009] Advantageously, said one or more reflectors
may be provided as a reflective layer extending under
the set of pixels. E.g., a same reflective layer 15 may be
used for all pixels or a subset thereof, to simplify the fab-
rication process.
[0010] In a first class of embodiments, the backlight
unit is a direct backlight unit, arranged in the device to
illuminate the PCM portions from a backside of the de-
vice. The direct backlight unit is located opposite to the
PCM portions with respect to an average plane of said
one or more reflectors. The latter need, in that case, be
partially reflective (and thus partially transparent). Such
embodiments are perhaps the easiest to fabricate, as no
additional components (e.g., waveguide, cladding layer,
or optical structures) to optically guide or redirect light
toward the PCM pixels are needed.
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[0011] In variants (second class of embodiments), the
backlight unit is an edge backlight unit, arranged in the
device to illuminate the PCM portions from a lateral side
of the device, via one or more waveguides. Here the
waveguides extend, each, in a same plane that is parallel
to an average plane of the one or more reflectors. In such
variants, a fully reflective mirror can be used (with reflect-
ance close to 100% in the visible spectral range) as the
edge backlight does not require the reflector to be par-
tially transparent.
[0012] The above waveguides may for instance be ar-
ranged on top of the PCM portions, opposite to the one
or more reflectors, with respect to the PCM portions.
[0013] Preferably, the spacers may further be lever-
aged to act as waveguides. Each of the spacers may, in
that case, be cladded with cladding layers, so as to form
the waveguides, for the backlight unit to illuminate the
PCM portions via the spacers. In addition, one or each
of the cladding layers can be patterned with microstruc-
tures, or otherwise comprise optical structures, designed
and arranged with respect to the pixels so as to allow
light emitted from the backlight unit and internally reflect-
ed in the spacers (i.e., propagated therein) to exit towards
PCM portions of each of the pixels.
[0014] In embodiments, the waveguides are distinct
from the spacer and arranged below the PCM pixels, so
as not to impact light reflected from the reflector toward
the PCM pixels. That is, the reflectors comprise a reflec-
tive layer that extends under the one or more spacers
and the one or more waveguides are configured as a
waveguide extending below said reflective layer, oppo-
site to the one or more spacers with respect to said re-
flective layer. In such a case, the device need be provided
with optical structures, arranged in or on the reflective
layer, or in a vicinity thereof, the optical structures de-
signed and arranged with respect to the pixels so as to
allow light emitted from the backlight unit and internally
reflected in the waveguide to exit toward a PCM portion
of each of the pixels.
[0015] Preferably, such optical structures comprise
one or more of: lensed structures, in contact with said
reflective layer (e.g., at an interface therewith); holes pro-
vided in said reflective layer; microstructures on said re-
flective layer or in a layer in contact with said reflective
layer; and scattering features.
[0016] In embodiments, the device comprises a nar-
row-band pass filter, the latter including a stack of layers,
wherein one or more of the layers of the stack act as said
reflective layer, the stack of layers being otherwise de-
signed so as to filter a spectral range of light that exit
toward the PCM portions from said waveguide, in oper-
ation. The narrowband filter conditions the spectral range
of the backlight from the waveguide which passes
through the PCM stack, affording more precise control
of the spectral characteristics of each pixel.
[0017] Preferably, the device further comprises a
wavelength shifter on top of the reflective layer, opposite
to the waveguide with respect to the reflective layer, such

that UV illumination from sunlight can be converted to
visible light to increase the brightness of the display.
[0018] In preferred embodiments, each of the pixels
has a layer structure that includes a distinct, bi-stable
PCM layer portion, the latter including a PCM portion
having at least two reversibly switchable states. Having
distinct PCM layer portion per pixel mitigates the risk of
inadvertent switching of neighbouring PCM portions.
[0019] Preferably then, the layer structure of each of
the pixels includes a capping layer above a PCM portion
thereof, opposite to the one or more spacers with respect
to said PCM portion, the capping layer preferably com-
prising a same material as said one or more spacers.
[0020] In embodiments, the capping layer comprises
reflective optical structures, such as flat mirrors or lenses,
configured to reflect light, which initially was emitted from
the backlight unit and then out-coupled toward the pixels,
toward said one or more reflectors. As it may be realized,
using upper reflective optical structures allows greater
flexibility in the design of the display devices.
[0021] According to another aspect, the invention can
be embodied as a method for operating a transflective
display device such as described above. Basically, this
method involves two mechanisms, which are typically
concurrently implemented. On the one hand, the PCM
pixels are selectively energized, via the display controller,
so as to reversibly switch a state of a PCM portion thereof
from one of its reversibly switchable states to the other.
On the other hand, one or more physical properties of
light emitted by the backlight unit are modulated via the
backlight unit controller, e.g., as needed to reach optimal
optical properties.
[0022] In preferred embodiments of the method, the
latter further comprises monitoring an external illumi-
nance with an illuminance sensor, and the physical prop-
erties of light emitted by the backlight unit are modulated
based on the monitored external illuminance.
[0023] Devices and methods embodying the present
invention will now be described, by way of nonlimiting
examples, and in reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE 
DRAWINGS

[0024]

FIGS. 1 - 9 show 2D cross-sectional views of com-
ponents of PCM-based display devices according to
embodiments. In detail:

- FIGS. 1, 2 and 8 show 2D cross-sectional views
of a PCM pixel as involved in display devices
according to a first class of embodiments;

o FIG. 1 shows a PCM pixel coupled to a
display controller and a direct backlight unit,
according to embodiments;
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o FIGS. 2A - 2B illustrate the operation of a
PCM pixel as in FIG. 1; and
o FIG. 8 depicts a PCM pixel wherein a
spacer of the pixel structure acts as a
waveguide to propagate backlight, which
spacer further include reflecting structures,
as in embodiments,

- FIGS. 3 - 9 depicts a PCM pixel coupled to an
edge backlight unit, according to a second class
embodiments. Namely:

o FIGS. 3A - 3B illustrate the operation of a
PCM pixel coupled to an edge backlight unit,
where a spacer acts as a waveguide to
propagate light emitted from the edge back-
light unit, according to embodiments;
o FIGS. 4 - 7 show PCM pixels wherein a
distinct waveguide is used to propagate
light emitted from the edge backlight unit,
as involved in other embodiments (FIGS.
6B and 7B illustrate reflectances as typically
obtained with devices as in FIGS. 6A and
7A, respectively); and
o FIG. 9 shows a PCM pixel wherein an ad-
ditional waveguide is provided on top to
propagate the backlight, as in embodi-
ments,

FIG. 10 is a schematic diagram of a passive matrix
PCM-based, transflective display, according to em-
bodiments;

FIG. 11 is a top view of an offset PCM pixel structure,
showing connections to electrodes at a crosspoint,
as involved in embodiments; and

FIG. 12 is a flowchart illustrating high-level steps of
operation of a display device according to embodi-
ments.

[0025] The accompanying drawings show simplified
representations of devices (or parts thereof), as involved
in embodiments, or operation thereof. Technical features
depicted in the drawings are not necessarily to scale.
Similar or functionally similar elements in the figures have
been allocated the same numeral references, unless oth-
erwise indicated.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0026] The following description is structured as fol-
lows. First, general embodiments and high-level variants
are described (sect. 1). The next section describes em-
bodiments as depicted in FIGS; 1 - 9. The last section
addresses more specific embodiments and technical im-
plementation details (sect. 3).

1. General embodiments and high-level variants

[0027] In reference to FIGS. 1 - 11, an aspect of the
invention is first described, which concerns a transflective
display device 1, 1a- 1h (hereafter referred to as a "dis-
play", for short).
[0028] The display notably comprises a set of pixels 2,
2a - 2h. Each of the pixels 2, 2a - 2h comprises a portion
of bi-stable, phase change material (PCM) 10, hereafter
referred to as a PCM portion. A PCM portion means a
layer portion of phase change material 10, which contains
a region R that can potentially be switched upon ener-
gization. The PCM portion has at least two reversibly
switchable states, in which it has two different values of
refractive index and/or optical absorption. The PCM layer
comprises a bi-stable material, so that no energy need
be continuously applied after switching.
[0029] The display further comprises one or more
spacers 14, which are optically transmissive and extend
under PCM portions 10 of the set of pixels 2, 2a - 2h.
Interestingly, the thickness of the spacers 14 may be var-
ied from one pixel to the other, so as to exploit interfer-
ence effects, as explained later in detail.
[0030] "Optically transmissive" as used herein gener-
ally means permissive to light in the optical range (100nm
- 1 mm, according to DIN 5031), and preferably as trans-
parent as possible in this range. "Extend under" means
that, in a given reference frame where the pixels pro-
trudes on top so as to have a viewing surface on top (as
assumed in FIGS. 1 - 9), the spacers are located under
the PCM portions. The spacers may for instance extend
directly under the PCM portions (the PCM layer coats
the spacer layer(s)), unless another intermediate layer
is needed, e.g., to achieve electrical insulation, if needed.
[0031] One or more reflectors (i.e., mirrors) 15 are fur-
ther provided in the device, which extend under the one
or more spacers 14 in that same reference frame. The
reflectors may for instance extend directly under the
spacers (the spacer layer(s) coats the reflector layer(s)),
unless another, intermediate layer is needed. The reflec-
tor (i.e., a mirror formed by a reflective layer) may extend
under one or more (or possibly the whole set) of PCM
pixels, in specific embodiments as discussed below.
[0032] In some of the embodiments described herein,
the PCM layer 10 too may extend across several pixels.
Thus, PCM pixels may use distinct PCM layer portions
or exploit a same PCM layer, in which distinct regions R
can be switched, at the level of each of the pixels. In the
latter case, additional optical structures are needed, as
discussed later. In all cases, each pixel involves distinct,
switchable regions R of the PCM layer (or layer portions),
by virtue of the relative locality of the switching phenom-
enon (only a relatively small, local region of a PCM layer
may for instance be switched). Thus, irrespective wheth-
er a wide PCM layer or a PCM layer portion is involved,
a portion of the PCM can in all cases be selectively
switched, at the level of each pixel, so as for each PCM
pixel to exhibit at least two reversibly switchable states
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of refractive index and/or optical absorption.
[0033] An additional capping layer 16 is typically pro-
vided on top of the pixels, which may for instance be of
the same material as the lower spacers 14. The skilled
person will appreciate that most material layers (e.g., lay-
ers 10, 14, 15, 16) as evoked herein may in fact decom-
pose into a stack of sublayers, if necessary structured,
to achieve or improve a desired function.
[0034] Furthermore, an energization structure 17, 21,
221, 222 is involved to switch the PCM portions. To that
aim, the energization structure is either in thermal com-
munication or in electrical communication with the PCM
portions 10, via the one or more spacers. In other words,
the energization structure can either rely on a mere elec-
trical actuation, using electrodes and electrically conduc-
tive materials, or on thermal activation, using electrodes,
thermally conducting materials but not electrically con-
ductive materials to avoid electrical shorts, as discussed
later in detail. Preferred is to rely on thermal activation,
as this allows larger regions of the PCM portions to be
switched.
[0035] The display further includes a display controller
30 (hereafter a "controller"), which is configured to se-
lectively energize PCM portions of the pixels via the en-
ergization structure 17, 21, 221, 222, so as to reversibly
switch a state of a PCM portion of any of the pixels 2, 2a
- 2h from one of its reversibly switchable states to the
other. The energization scheme is selective, so as to se-
lectively switch PCM portions of the pixels, according to
images or other pictograms to be displayed. As usual in
display applications, the activated pixels may be re-
freshed at a given refreshing frequency (i.e., switched
back to a first state and again to a second state according
to said frequency).
[0036] The display controller will typically be imple-
mented as an integrated circuit (or IC, the latter possibly
involving different IC elements) that produces signals
(e.g., video signals) for the display system, e.g., gener-
ates timing of the signals and blanking interval signal.
[0037] The device further comprises a backlight unit
40, configured in the device to allow illumination of the
PCM portions through the one or more spacers 14. The
backlight unit may be arranged in the device so as to
allow direct or edge (lateral) backlight. The backlight unit
typically uses LEDs 46 (see FIG. 1), which may possibly
emit white light, or light having a given spectral distribu-
tion. Backlight units are known per se.
[0038] Finally, a backlight unit controller 42 is used in
the device to modulate one or more physical properties
of light emitted from the backlight unit 40. Such properties
may notably include the intensity and the spectral distri-
bution (e.g., the average wavelength) of the backlight.
[0039] The modulation may in fact restrict, in simple
scenarios, to a mere switch, whereby the backlight unit
may be switched ON and OFF, under given conditions
(e.g., a user actuates a switch or an illuminance sensor
detects that an external illuminance threshold has been
reached). In more sophisticated approaches, an ambient

light sensor is used to progressively modulate the inten-
sity of light emitted by the backlight unit. The backlight
intensity may further be user-configurable, just like the
modulation scheme, e.g., based on power consumption
parameters and/or optical property preferences (con-
trast, brightness, etc.) selectable by the user.
[0040] The present approach extends the range of ap-
plications of known, reflective PCM-based display and
allows a PCM-based, transflective display, which com-
bines advantages of PCM-based displays and transflec-
tive displays, i.e., this approach allows a reflective display
with backlighting, thus allowing it to be used in low light
conditions while also allowing low power operation under
ambient lighting. As explained below, the present ap-
proach leverages optical spacers, for them to have ad-
ditional functionalities and enable transflective displays.
[0041] As it may be realized, the presence of the re-
flector(s) 15 does not hamper illumination from the back-
light unit, owing to original display designs as proposed
herein. Illumination from the backlight may involve the
reflectors 15, in a direct or indirect manner. That is, illu-
mination may occur directly through the reflector (when
a direct backlight is used, the reflector being therefore
partially transparent) or, when an edge backlight is used,
thanks to optical structures arranged in the reflector or
in the vicinity thereof so as to allow light to exit a
waveguide used to propagate the backlight and reach
the PCM pixels.
[0042] Remarkably, the spacers 14 may have multiple
functions: not only they can be used to transmit or both
propagate and transmit light but, in addition, their thick-
nesses may vary from one pixel to the other so as to
exploit optical interference effects. Furthermore, they al-
so serve as a channel to convey electrical or thermal
energy needed to switch the PCM portions of the pixels.
[0043] Optically speaking, the spacers 14 serve as: (i)
an optical layer in which light passes multiple times when
light is simply reflected by the reflectors (reflective mode:
the backlight is then low or OFF); and (ii) as a medium
to transmit direct backlight or possibly as a waveguide
to propagate light laterally emitted from an edge backlight
unit. Thus, and as present inventors have realized, de-
vices can be designed wherein materials forming the
spacers 14 can be suitably selected and suitable struc-
tural arrangements can be devised so as for the spacers
to fulfil a plurality functions, which mitigates the need for
additional material layers or components. All this is now
explained in detail, in reference to particular embodi-
ments of the inventions.
[0044] Referring for instance to FIGS. 1, 10 and 11,
the energization structure is preferably designed as a
heating structure 17, 21, 221, 222. The latter is electrically
insulated from the PCM portions 10 or, at least, the elec-
trical conductivity of the spacers does not cause shorts
to the PCMs (only a thermal switching is desired in that
case). Still, the heating structure need be in thermal com-
munication with the PCMs, via one or more optical spac-
ers, e.g., via respective spacer layer portions of the pixels

7 8 



EP 3 333 618 A1

6

5

10

15

20

25

30

35

40

45

50

55

or a spacer layer shared by a subset or, even, the set of
pixels.
[0045] The heating structure may for instance include
a resistive heater 17 arranged between electrodes 221,
222, which are themselves connected to a circuit con-
trolled by the controller 30, as assumed in FIG. 1, which
only depicts a circuit portion connecting to one pixel, for
simplicity. As shown in FIG. 1, the heater element 17
shall possibly extend under the reflectors 15. Yet, in var-
iants, the heater element may extend laterally, e.g., at
the same level as the reflector layer 15 or, even, be in-
tegral therewith (or form an integral part thereof).
[0046] In FIG. 1, the controller 30 is configured to en-
ergize the heating structure, an in particular the element
17, e.g., via electrodes 221, 222, in order to selectively
heat PCM portions of the pixels. As a result, it is possible
to reversibly switch a state of a PCM portion of any of
the pixels from one of its reversibly switchable states to
the other. If necessary, a non-linear element 21 is present
(as in FIG. 1), for reasons that will become apparent later.
[0047] The heating structure may be electrically insu-
lated from the PCM 10 thanks to the spacers 14, which
can be made electrically insulating. Yet, electrical insu-
lation can also be achieved thanks to another, electrically
insulating layer of the stack, suitably located between the
resistive heater element 17 and the PCM 10, such as the
electrically insulating but thermally conducting layer 18
in the example of FIG. 1.
[0048] If the heater element 17 is located under the
reflector 15 (as in FIG. 1) or form part or all of the reflector
15 (in which case the heater element 17 may be both
reflective and resistively heating upon energization), then
electrical insulation can notably be achieved by: (i) using
a dielectric reflector or as a diffuse optical reflector; (ii)
adding an electrically insulating layer, such as layer 18
in FIG. 1; or (iii) using an electrically insulating (yet ther-
mally conducting) material for the spacers 14. At least,
the electrical conductivity of the layer(s) used to prevent
electrons from flowing into the PCM 10 should be suffi-
ciently small, in comparison to that of elements 221, 21,
17, 222 involved in the circuit, to prevent electrical shorts
to the PCM 10.
[0049] In variants to heating structures, the energiza-
tion structure may involve electrodes and the PCM por-
tions are, in this case, reversibly switchable by applica-
tion of a voltage to the electrodes. The display controller
is, in that case, adapted to apply a voltage, via the elec-
trodes, to switch the material 10. For instance, the spac-
ers 14 and capping layers 16 may also be used as elec-
trodes for use in applying the voltage to the material layer
10, which is sandwiched between the electrodes 14, 16,
exploiting similar principles as described in
WO2015097468 (A1). Here again, the spacers have thus
multiple functions.
[0050] As illustrated in the embodiments FIGS. 3 - 9,
transflective display devices 1b - 1h may be designed,
wherein the reflector(s) 15 are configured as a reflective
layer 15, e.g., a single layer, which extends under the

whole set or a subset of pixels 2b - 2h. This can for in-
stance be the case in each of the embodiments of FIGS.
3 - 9, even if the latter depict one or a few pixels, for
simplicity. I.e., a same reflective layer 15 may be used
for all pixels or a subset thereof. If necessary, this reflec-
tive layer may be structured as in FIGS. 4 - 5 (where layer
15 comprises holes 152) or, more generally, comprise
optical structures as in FIGS. 3, 6 - 8, so as to allow light
to suitably exit or out-couple toward the pixels, in oper-
ation.
[0051] Similarly, embodiments disclosed herein rely on
a spacer layer 14 that extends under several PCM pixels.
Yet, the thicknesses of the spacer layer may need be
varied from one pixels to the other, to exploit interference
effects, which are dependent on the refractive index of
the PCM material 10 and the thickness of the spacer 14.
[0052] A first class of embodiments is now discussed
in reference to FIGS. 2A - 2B, which depict a transflective
display device 1a, wherein the backlight unit 40 is a direct
backlight unit, as in FIG. 1. That is, the backlight unit 40
is arranged in the device to illuminate the PCM portions
10 from a backside of the device 1a, opposite to the PCM
layer 10 with respect to an average plane of the reflector
15. The reflector 15 may be made from a single layer
extending under several pixels 2a or, in variants, several
reflector layer portions may be part of the layer structure
of each pixel. In all cases, the reflector(s) need be partially
reflective (and thus partially transparent), to allow trans-
mission of light emitted from the direct backlight unit 40
(FIG. 2B).
[0053] The embodiment depicted in FIGS. 2A - 2B is
perhaps the easiest to fabricate, as no additional com-
ponents (e.g., waveguide, cladding layers, or optical
structures to optically guide or redirect light toward the
PCM portions) are needed.
[0054] If a heating structure is used to switch the PCM
pixels, then the spacers 14 may be made electrically in-
sulating (or at least sufficiently insulating), to ensure elec-
trical insulation from the heater element (see FIG. 1).
This way, no additional layer is needed to achieve elec-
trical insulation. Still, in variants, the spacers may be coat-
ed with an optically transmissive, thermally conducting
but electrically insulating layer to achieve the same, or
an electrically insulating layer 18 may be provided be-
tween the heater 17 and the reflector 15, as in FIG. 1.
[0055] As it can be realized, in embodiments where
direct backlight is used, as in FIGS. 1 - 2, the reflector
15 need be partly transparent, which slightly impacts per-
formance in terms of illumination and power consump-
tion. Still, a trade-off can be found, wherein the reflector
15 is sufficiently transparent to allow a reflective display
with backlighting, while the PCM material allows low pow-
er operation under ambient lighting. For instance, the re-
flector can be made from a silver layer (e.g., 30 - 50nm
thick) or from an aluminium layer (e.g., 20 - 40nm thick),
so as to achieve a reflectivity of 70 - 90%, e.g., 80%.
[0056] Else, an edge backlight may be preferred, as
discussed below in reference to variants to FIGS. 3 - 7
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and 9. In such embodiments, the transflective display
devices 1b - 1h comprise edge backlight units, arranged
in the devices 1b - 1h to illuminate the PCM pixels 2b -
2h (and in particular the PCM 10 of such pixels) from a
lateral side of the devices. Illumination occurs via one or
more waveguides 11, 12, 14. These waveguides extend,
each, in a same plane that is parallel to the average plane
of the reflector(s) 15, i.e., parallel to (x, y) in the appended
drawings.
[0057] In such embodiments, a nearly fully reflective
mirror may be used, i.e., a reflector made from a material
layer processed so as to provide a reflectance close to
100% in the visible spectral range, as assumed in the
embodiments of FIGS. 3 - 9. However, additional com-
ponents (optical structures 122, 124, 152) are needed to
allow the backlight to exit toward the PCM pixels in such
cases. Such components may additionally slightly impact
the effective reflectivity of the mirror(s) 15.
[0058] The waveguides may typically comprise pairs
of cladding layer portions 11, on each side of a core ma-
terial 14, 12 of the waveguides, as depicted in FIGS. 3,
9, to allow multiple internal reflections and hence prop-
agate the backlight in the waveguides.
[0059] One may want to use dedicated waveguides to
laterally propagate the backlight, as in FIGS. 4 - 7 and
9. However, the spacers 14 may advantageously be used
as waveguides, to achieve the same, as illustrated in the
embodiments of FIGS. 3 and 8. This way, no additional
waveguides are needed. Yet, using additional
waveguides 12 allows to partly decouple properties as
needed, on the one hand, for reflection and, on the other
hand, for backlight propagation. This, eventually, may be
exploited to allow better control on the illumination of the
display as the additional waveguides 12 can be optimised
for illumination purposes.
[0060] In the example of FIGS. 3A - 3B, the transflec-
tive display device 1b comprises one or more spacers
14 (below the PCM 10), which are cladded with cladding
layers 11, so as to form waveguides that laterally prop-
agate the backlight. The latter can reach the PCM por-
tions thanks to microstructures 144 patterned on one or
each of the cladding layers 11. The microstructures 144
are conveniently arranged, e.g., at the level of each pixel,
to allow light emitted from the backlight unit 40 (and in-
ternally reflected in the spacers 14) to exit towards the
PCM portions of each of the pixels 2b, as depicted by
arrows in FIG. 3B. Thus, the spacers 14 can also be used
as waveguides to convey light from an edge backlight
unit 40, so that no additional waveguide is needed in that
case.
[0061] The microstructures 144 typically comprise pat-
terned features that are designed to allow light to be re-
directed or out-coupled toward the PCM pixels. Conven-
ient designs of microstructures are known per se. In var-
iants, other optical structures could be used to achieve
the same, such as holes 152 (holey mirror structure)
and/or lensed elements 122, as used in the embodiments
of FIGS. 4 - 5. Examples of suitable microstructures are

for instance described in the following papers: "Opti-
mized pattern design of light-guide plate (LGP)", by Y.
C. Kim and co-workers, Optica Applicata, Vol. XLI, No.
4, 2011; and "Light-guide plate using periodical and sin-
gle-sized microstructures to create a uniform backlight
system", by J. W. Pan and Y. W. Hu, Optics Letters Vol.
37, Issue 17, 2012.
[0062] If, instead of re-using the spacers 14, additional
waveguides 12 are used, then an option is to use a sep-
arate waveguide on top of the PCM pixels, as in the ex-
ample of FIG. 9. Here, the transflective display device 1h
comprises one or more waveguides 11, 12 arranged on
top of the PCM portions 10, i.e., opposite to the one or
more reflectors 15, with respect to the PCM portions 10.
In such a case, the additional waveguide layers 11, 12
(including cladding layers 11) need be designed so as to
have as little impact as possible on light reflected from
the reflectors 15 and passing through the PCM pixels,
so as to minimize the impact on optical properties of the
display device 1h.
[0063] Else, the additional waveguide 12 may be ar-
ranged below the PCM pixels, as in FIGS. 4 - 7. In these
examples, the transflective display device 1c - If comprise
a reflective layer 15 that extends below the spacer layer
14, while an additional waveguide core 12 extends below
the reflective layer 15, opposite to the spacer 14 with
respect to the reflective layer 15. In order to allow the
backlight propagated in the waveguide 12 to exit toward
the pixels 2c - 2f, the devices 1c - 1f further comprise
optical structures 122, 124, 152, which are arranged in
(structures 122, 152, FIGS. 4 - 5) or on (microstructures
124, FIGS. 6 - 7) the reflective layer 15. In variants, or in
addition, optical structures can be located in the vicinity
of the reflective layer 15, such as lenses 122 in FIG. 5.
In all cases, such optical structures are arranged with
respect to the pixels 2c - 2f so as to allow the backlight
emitted from the unit 40 and internally reflected in the
waveguide 12 to exit toward a PCM portion of each of
the pixels 2c - 2f.
[0064] In such embodiments, the waveguides 12 are
distinct from the spacer(s) 14 and arranged below the
pixels, so as not to impact light reflected from the reflector
15 toward the PCM pixels. Yet, optical structures are
needed for the backlight to exit toward the pixels. Such
optical structures can thus be regarded as optical cou-
pling structures or exit structures. They are optical ele-
ments designed for redirecting light, out-coupling it or
more generally allowing it to exit toward the PCM pixels.
Waveguides as described in US2003067760 (A1) may
for instance be used in the present context.
[0065] These optical structures may for example be
arranged at an interface with reflective layers 15, as in
FIGS. 6 - 7, or within a reflective layer (as in FIG. 4), or
a combination of different types of optical structures 122,
152 can be used, as in FIG. 5.
[0066] Different types of optical structures may be used
(possibly in combination), as illustrated in FIGS. 4 - 8.
For example, lensed structures 122 may be used, at an
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interface with the reflective layer 15 (FIG. 5). In addition
(FIG. 5), or independently (FIG. 4), holes 152 may be
used, which are provided (as through holes) in the thick-
ness of the reflective layer 15, i.e., so as to achieve a
holey mirror structure. Else, microstructures 124 can be
patterned on the reflective layer 15 or in a layer 13 in
contact therewith, as in FIGS. 6 - 7. Other types of optical
structures can be contemplated, such as scattering fea-
tures 126 (as used in FIG. 8).
[0067] In other variants, a hollow box (not shown) un-
derneath the PCM pixels may be structured so as to suit-
ably reflect light as needed to direct it toward the PCM
pixels.
[0068] Referring now to FIG. 6A, a transflective display
device 1e may, in embodiments, comprise a narrow-band
pass filter 13. The filter 13 typically includes a stack of
layers, wherein one or more of the layers may act as
reflective layers 15. The stack 13 of layers is otherwise
designed so as to filter a spectral range of light that exit
toward the PCM portions 10 from the waveguide 12, in
operation. The narrowband filter conditions the spectral
range of the backlight from the waveguide 12 which pass-
es through the PCM stack, affording more precise control
of the spectral characteristics of each pixel.
[0069] Next, as illustrated in FIG. 7A, a transflective
display device 1f may, in embodiments, further comprise
a wavelength shifter 154 on top of the reflective layer 15.
The wavelength shifter is located opposite to the
waveguide 12 with respect to the reflective layer 15, e.g.,
in direct contact with the reflector 15. The wavelength
shifter 154 absorbs higher frequency photons and emits
lower frequency photons. Different types of wavelength
shifters can be contemplated. For example, it may consist
of a mere photofluorescent material (phosphor). In vari-
ants, the wavelength shifter may be implemented as a
set of quantum dot structures. In all cases, the wave-
length shifter is arranged on top of the reflector(s), such
that UV illumination from sunlight can be converted to
visible light to increase brightness. Yet, as it may be re-
alized, using a quantum dot structure may allow better
efficiency and/or emission matching to pixel reflectivity,
compared to a phosphor layer.
[0070] In embodiments, the pixels 2, 2a - 2b of the dis-
play devices 1, 1a - 1b have a layer structure that includes
a distinct, bi-stable PCM layer portion for each of the
pixels, as assumed in FIGS. 1 - 3. That is, each pixel
includes a respective PCM layer portion (i.e., a well de-
limited portion of layer). The PCM layer portions may
nevertheless be initially obtained from a same PCM layer,
which is subsequently processed so as to give rise to
distinct layer portions. Relying on distinct PCM layer por-
tions mitigates the risk of inadvertent switching of neigh-
bouring PCM regions.
[0071] In variants, a same PCM layer may be used for
a set or a subset of the pixels, as in the embodiments of
FIGS. 4 - 8, which simplifies the fabrication of the pixels.
Yet, as noted above, additional optical structures 122,
124, 126, 152 are needed in such cases, which define

the pixels, as explicitly shown in FIGS. 4 - 8. Note that
distinct PCM layer portions may nevertheless be used in
place of the continuous PCM layer 10 in the embodiments
of FIGS. 4 - 8. Similarly, both options are possible for the
embodiment of FIG. 9.
[0072] In embodiments, the layer structure of each of
the pixels 2, 2a - 2h includes a capping layer 16 above
the PCM 10, as in FIGS. 1 - 9. The capping layer 16 is
opposite to the spacers 14 with respect to the PCM 10.
The capping layer 16 preferably comprises a same ma-
terial as the spacers 14.
[0073] The capping layer 16 can be made electrically
insulating, unless the PCM is electrically switched and
the capping layer is located between electrodes or serves
as one of the electrodes. Each of the capping layer and
the spacer may for instance comprise titanium oxide, zinc
oxide or indium tin oxide. As the skilled person will ap-
preciate, the thicknesses of the layers 14, 16 may need
be refined, to make sure that the layers are sufficiently
conductive (electrically) or, conversely, sufficiently insu-
lating. For instance, a layer of indium tin oxide would
typically need be at least 10nm thick to become suffi-
ciently conductive (electrically) for embodiments where
the PCM 10 is electrically switched. As mentioned earlier,
the spacers 14 and capping layers may be used as elec-
trodes in that case.
[0074] It should be noted that either or both of the spac-
er layer 14 and the capping layer 16 may comprise com-
posite layers, which comprise multiple layers of material
having different refractive indices, so as to achieve the
desired optical properties.
[0075] Referring now more particularly to the embod-
iment of FIG. 5, the capping layer 16 of the device 1d
may further comprise reflective optical structures 162,
such as flat mirrors or lenses. The optical structures 162
are configured to reflect inner light (emitted from the back-
light unit 40 and out-coupled toward the pixels) toward
the reflector(s) 15. The reflective structures 162 can no-
tably be arranged in an array, which can be designed
optically to modify the performance of the device. In par-
ticular, spatial tuning can be exploited to effectively
change the spectral transfer function of the PCM stack,
which, in turn, allows more flexibility in the design of the
display.
[0076] Thus, present devices may comprise as set of
pixels having spacers of substantially different thickness-
es. For example, each pixel may decompose into a sub-
set of subpixels that have spacers of distinct thicknesses.
[0077] According to another aspect, the invention can
be implemented as a method of operating a display de-
vice such as described above. In reference to the flow-
chart of FIG. 12, this method basically comprises two
main steps, which are typically concurrently implement-
ed.
[0078] On the one hand, the display controller is used
to selectively energize S50 the pixels, via the energiza-
tion structure. For example, and as discussed earlier, the
display controller selectively heats the pixels, so as to
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reversibly switch a state of PCM portions thereof.
[0079] On the other hand, the backlight unit controller
42 modulates S30 - S40 physical properties of light emit-
ted by the backlight unit 40, such as colours and intensity.
As explained earlier, the modulation may restrict to mere-
ly switching the backlight ON or OFF, as illustrated in
FIGS. 2A - 2B or 3A - 3B, which amounts to abruptly
modulate the light intensity.
[0080] In variants, progressive modulation may be
contemplated. In a typical application, the external illu-
minance (ambient light) is monitored S10 - S20 with an
illuminance sensor, and physical properties of light emit-
ted by the backlight unit are modulated S30 - S40 based
on the monitored external illuminance, so as to adapt
optical properties of the display to ambient light condi-
tions. Moe details as to the operation of the present de-
vices are given in the next section.
[0081] The above embodiments have been succinctly
described in reference to the accompanying drawings
and may accommodate a number of variants. Several
combinations of the above features may be contemplat-
ed. Examples are given in the next sections.

2. Detailed description of display devices as depicted 
in FIGS. 1-9 and their operation

2.1 FIGS. 1, 2A and 2B

[0082] As described in sect. 1, the devices depicted in
FIGS. 1 - 2 involve a portion of active solid state material
10 provided in the form of a layer or a layer portion. The
material of this layer has a refractive index and/or an
optical absorption that is permanently, yet reversibly,
changeable as a result of, e.g., a transition from an amor-
phous to a crystalline state.
[0083] The material 10 is arranged above a reflector
15, which in this embodiment is a layer of metal such as
platinum or aluminium that is thick enough to reflect a
substantial proportion of incident light, but not too thick,
to allow transmissive backlight. A spacer layer 14 is sand-
wiched between the material 10 and the reflector 15. A
capping layer 16 is provided on top of the material layer
10. The upper surface 16s of the capping layer 3 consti-
tutes the viewing surface 16s of the display device 1, 1a,
and the reflector 15 is a back-reflector. Light enters and
leaves through the viewing surface 16s as indicated by
the arrows in FIG. 2A. However, because of interference
effects which are dependent on the refractive index of
the material layer 10 and the thickness of the spacer 14,
the reflectivity varies significantly as a function of wave-
lengths of light. The spacer 14 and the capping layer 16
are both optically transmissive, and are ideally as trans-
parent as possible.
[0084] Either or both of the spacer layer and capping
layer may comprise "composite" layers of multiple layers
of material having different refractive indices. In this way,
further partial internal reflections are generated at the
interfaces of these multiple layers, providing the possi-

bility of more complex interference modes which may
allow increased control of the reflection spectra of the
available states. To that aim, the refractive index of the
capping layer would typically be at least 1.6, and prefer-
ably at least 1.8, 2.0 or, even 2.2. This allows: (i) reflection
spectra with high reflectivity to be generated over a nar-
row range of wavelengths, producing more vivid colours
and thereby a larger colour gamut; and (ii) the desired
reflection spectra to be more independently tuned in the
multiple states of the device.
[0085] The division of the capping and spacer layers
into composite layers can for instance be done using ma-
terials that may include, e.g., ZnO, TiO2, SiO2, Si3N4,
TaO and ITO.
[0086] For switching large area pixels, a thermal
switching mechanism is preferred to voltage-actuated
switching. In FIG. 1, the layer stack 15 - 14 - 10 - 16is
accordingly deposited on a barrier layer 18 (which pref-
erably comprises silicon nitride, SiNx, although SiO2 may
be used, in variants), which provides electrical insulation
but has a very good thermal connection to the resistive
heater element 17. The barrier layer 18 is an electrical
insulator that is thermally conductive such that the barrier
layer 18 electrically insulates the resistive heater element
17 from the PCM element 10, but allows heat from the
resistive heater element 17 to pass through the barrier
layer 18 to the PCM element 10. This way, one can switch
the state of the PCM element, e.g., between a crystallized
state (in response to a first heat profile applied) and an
amorphous state (in response to a second heat profile
applied).
[0087] The layer structure shown in FIG. 1 is provided
on a substrate 23. Examples of materials for the various
layers 10 - 18, 21, 23 are given in section 3.1.
[0088] The layers are deposited using sputtering,
which can be performed at a relatively low temperature
of 100C. The layers can also be patterned as required,
using conventional techniques known from lithography,
or other techniques, e.g., from printing. Additional layers
may possibly be present in the layer structure, if needed.
[0089] The device depicted in FIG. 1 can be made to
appear a uniform colour, which can then be switched to
appear a contrasting colour, or to appear much darker
or lighter by changing the reflectivity. Many layer stacks
such as the stack 2 in FIG. 1 are fabricated adjacent to
each other in an array, with each structure being individ-
ually electrically controllable and constituting a pixel (or
a subpixel) of the overall display. In variants, each pixel
can comprise a cluster of distinct layer stacks such as
the stack 2 of FIG. 1, adjacent to each other, wherein
each layer stack in the cluster has a different thickness
of spacer layer 14, to exploit interference effects and
achieve different colours of the (sub)pixels.
[0090] Advantageously, the location of the heater 17
in the stack does not perturb the ordered sequence of
layers 10 - 14 - 15, which can, in turn, be optimized in
terms of their optical properties. This allows the spacer
thickness to be adjusted, e.g., for each pixel or subpixel,
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so as to leverage interference effects that depend on the
refractive index of the PCM 10 and the thickness of the
spacer 14. Thus, there is no need to use colour filters,
though such filters may be used, complementarily to the
spacers, if needed, e.g., to further adjust optical proper-
ties. Moreover, the device may include optical attenua-
tors or electro-optical attenuators or, still, any filter con-
figured to obtain a desired display shade.
[0091] The structure of FIG. 1 makes it possible to ex-
ploit the fact that the reflectivity will vary significantly as
a function of wavelengths of light, because of interference
effects which are dependent on the (complex) refractive
index of the PCM and the thickness of all the layers of
the optical stack, including that of the PCM itself. As a
result, optical properties of the device can be tuned
thanks to the spacer (e.g., to confer a "colour" to a sub-
pixel), without requiring additional filters. Thus, present
devices can be designed so as to leverage two optical
functions, while allowing a large portion of the PCM to
be switched, thanks to the thermal activation.
[0092] In addition, the heating element 17 need not be
made transmissive to light, as it would if it were in direct
contact with the PCM, i.e., above the reflector. It can in-
stead be optimized in respect of its desired electrical/ther-
mal properties (e.g., to obtain a high resistance).
[0093] In FIG. 1, the heater 17 is connected in series
between low resistivity electrodes 221, 222, below the
reflector 15, to optimize power conversion while energiz-
ing the pixel and minimize power consumption. This fur-
ther simplifies the overall structure, inasmuch as the sole
electrical contacts are on the backside of the structure
2, without electrodes sandwiching the active optical re-
gions being needed.
[0094] Moreover, a (strong) nonlinear element 21 is
preferably inserted in series in the current paths, to more
selectively heat the heater and, in turn, switch the PCM.
This is useful in passive matrix displays, where PCM pix-
els are connected across junctions of intersecting cross-
bar electrodes of a matrix address structure, to avoid
’sneak paths’ currents between neighbouring pixels, as
discussed in section 3.
[0095] A (simple) operation of a pixel structure as
shown in FIG. 1 is illustrated in FIGS. 2A - 2B. For sim-
plicity, heater structures are not shown in FIGS. 2A - 2B
an in subsequent drawings. However they can in principle
be positioned anywhere that affords a good, thermally
conductive link to the PCM layer 10.
[0096] As mentioned earlier, the reflector 15 is partially
transparent and partially reflective. The backlighting sys-
tem 40 typically comprises LEDs 46, although other light
sources could be used. The LEDs could be white or RGB
and provide uniform overall illumination for the display.
Preferably, the reflector 15 is made of aluminium; it is
thin enough to permit light from the direct backlight to
pass through at sufficient intensity. The reflector 15 is
preferably designed so as to have a reflectivity that is
between 70% and 90%, e.g., of 80% (and a transmission
of 20%).

[0097] In FIG.2A the ambient light levels are sufficient
for the light reflected from the mirror 15 to be visible and
the backlight is OFF. The arrows show that, in the reflec-
tive mode, light passes in and out via the capping layer
16, thus passing through the PCM stack 14 - 10 - 16
twice, although some light will be lost via transmission
through the thin mirror 15. In FIG. 2B, at low ambient
levels or darkness, the backlight is switched ON and the
light from the LEDs follows the path indicated by the ar-
rows, passing through the mirror 15 and the PCM stack
just once. The intensity of the backlight can typically be
adjusted to provide a suitably bright display for the user.
[0098] The reflective and transmission modes of oper-
ation involve one and two passes through the PCM stack,
respectively. It is to be expected that the colours pro-
duced in each case would be different for ambient light
and backlight of the same spectral composition. However
it is possible to vary the spectral composition of the back-
light to compensate for this, thus balancing the colour in
both modes of operation.
[0099] A similar type of compensation can be imple-
mented in each embodiment where the two modes in-
volve different numbers of passes, e.g., as in FIG. 3.
Thus, present methods preferably comprise an additional
step of varying the spectral composition of the backlight
to compensate for differences in colours of the display
that arise due to the reflective and transmission modes
of operation.
[0100] A further improvement may be to mount the
backlight LEDs in a reflective enclosure, increasing the
intensity of light directed through the PCM stack.
[0101] Since each pixel can be used for both reflective
and transmissive operations, the overall resolution of a
transflective PCM based display remains the same irre-
spective of the operational mode and level of illumination.
[0102] As the skilled person will appreciate, many of
the design options discussed in sect. 2.1 may also be
contemplated in the embodiments of FIGS. 3 - 9.

2.2 FIGS. 3A - 3B

[0103] FIGS. 3A - 3B illustrate an embodiment in which
the spacer layer 14 serves both as a waveguide to back
illuminate the PCM stack elements and also as a spacer
layer for tuning the colour of each PCM pixel, as previ-
ously described. Under high levels of ambient light, the
backlight is OFF (FIG. 3A), the ambient light passes
through the PCM stack and is then reflected back by the
mirror 15, which is thick enough to ensure high levels of
reflectivity. The passage of the light is as indicated sche-
matically by the arrows in the drawings (here different
dash types are used to denote different wavelengths of
incident/reflected light. The cladding layers 11 on either
side of the waveguide - spacer layer 14 play no substan-
tial role in this case as light is essentially passing through
them.
[0104] In FIG. 3B, the ambient light levels are low and
the backlight is switched ON to launch light into the
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waveguide from a lateral side (perpendicular to the stack-
ing direction z of the layers). The layers 11, which are of
lower refractive index relative to the waveguide - spacer
14, serve as cladding to the waveguide to ensure total
internal reflection occurs at the interface and allow the
waveguide to propagate a range of modes. The
waveguide 11, 14 may propagate a wide range of modes
and hence provide substantially white illumination. In var-
iants, a more restricted range of modes may be em-
ployed, depending on the desired design and application.
[0105] Irrespective of the modal propagation of the
backlight, it is necessary to couple light out from the
waveguide - spacer 11, 14 and through the stack, as
illustrated by the vertical arrows.
[0106] This can typically be achieved by use of a micro-
structured exit surface 144 at the side face of the
waveguide, as assumed in FIG. 3. In variants, the clad-
ding could be reduced in thickness or eliminated alto-
gether in the region of PCM stack - waveguide coupling.
Other techniques known in the art could be used as well.
[0107] A blackout matrix 19 is used between the pixels
2b to ensure no light leaks around the pixels.
[0108] In FIGS. 3A - 3B, three pixels are illustrated,
which could function as the RGB pixels of a display, for
example. The individual colour can be adjusted using the
PCM stack as a filter, e.g., by tuning the thickness of the
PCM stack as a whole, in which case each stack would
be different and customised according to the output col-
our required. The single pass operation of the backlight
mode would also need to be taken into consideration.
Still, several options can be contemplated, as discussed
below.
[0109] For example, it is possible to selectively couple
different colours from the waveguide - spacer 11, 14 us-
ing microstructured exit surfaces 144, in which case the
PCM stack would operate predominantly as a controller
of the intensity. In variants, the waveguide itself propa-
gates only selected colours hence contributing to the col-
our of each pixel. In other variants, a range of different
colours are injected into the waveguide 11, 14, providing
further control of the spectral characteristics of the dis-
play. Combinations of the above options can be em-
ployed to ensure the display has the appropriate colour
gamut required for transflective operation.

2.3 FIG. 4

[0110] FIG. 4 illustrates another embodiment, operat-
ed while the backlight is ON. An additional waveguide 12
is used. Unlike FIG. 9, the embodiment of FIG. 4 uses
an additional waveguide 12 located beneath the reflector
15. Yet, the reflector 15 includes a series of apertures
152 beneath (or, in variant, reaching the edge of the PCM
layer 10). The apertures can be fabricated by lithography
or other techniques known in the art. Light propagates
from the backlight 40 at the edge of the waveguide 12
by total internal reflection at the reflector - waveguide
interface. The apertures 152 in the mirror layer 15 nev-

ertheless allow light to escape from the waveguide 12
and reach into the upper PCM stack 14 - 10 - 16 (which
here can be made to extend to a subset of even the whole
set of pixels), and exit the device on top towards the view-
er.
[0111] Note that claddings (not shown in FIG. 4) would
typically be required for the waveguide 12, although the
reflector 15 may already play the role of a cladding on
top of the waveguide 12 (a cladding layer between the
waveguide 12 and top reflector 15 may improve perform-
ance though). Thus, a reflector, a cladding layer, or an
air gap may be provided on the bottom edge of the
waveguide core 12.
[0112] When the ambient light level is sufficiently high,
the backlight can be switched off and ambient light pass-
es through the PCM stack to the mirror where it is reflect-
ed back through the PCM stack to the viewer.

2.4 FIG. 5

[0113] FIG. 5 illustrates a variant to FIG. 4, wherein
the additional waveguide 12 incorporates a lens array
122 patterned at the interface with the reflector 15, so as
for apertures 152 in the reflector 15 to be aligned with
the lens array. A similarly aligned mirror array 162 is pat-
terned in or on the capping layer 16.
[0114] In low ambient light the backlight is ON and light
propagates down the waveguide 12, just as before. The
lenses 122 intercept the light and focus the light upwards
through the reflector 15 towards the mirror array 162.
The light passes through the PCM stack 14 - 10 - 16 and
is intercepted by the mirror array 162, for it to be then
reflected back through the PCM stack and, in turn, re-
flected back again by the reflector 15. The light typically
passes through the stack a maximum of three times, but
the arrays can be designed optically to achieve an inter-
mediate level of performance. An arrangement as shown
in FIG. 5 makes it possible to effectively change the spec-
tral transfer function of the PCM stack, affording greater
flexibility in the design.

2.5 FIGS. 6A - 6B

[0115] FIG. 6A illustrates an embodiment in which a
narrow band pass filter 13 is placed below the PCM stack
14-10-16 and above the waveguide 12. A typical spectral
transmission curve of the narrow band filter 13 is illus-
trated in FIG. 6B.
[0116] In low ambient light the backlight is ON and the
light propagates down the waveguide 12. Light is coupled
out of the waveguide 12 using microstructures 124 or, in
variants, other exit coupling structures as listed in sect.
1, and passes through the narrowband filter 13. The nar-
rowband filter 13 further conditions the spectral range of
the backlight from the waveguide 12 which passes
through the PCM stack 14 - 10 - 16, affording more pre-
cise control of the spectral characteristics of each pixel.

19 20 



EP 3 333 618 A1

12

5

10

15

20

25

30

35

40

45

50

55

2.6 FIGS. 7A - 7B

[0117] FIG. 7A illustrates a further embodiment,
wherein a layer of phosphor 154 is positioned between
the PCM stack 14 - 10 - 16 and the reflector 15. A backlight
source (typically operating in the UV/blue region of the
spectrum) is coupled into the waveguide 12 and this light
propagates down the waveguide 12, as before. Light is
then coupled out of the waveguide and through the phos-
phor layer, e.g., using microstructures 124 provided at
an interface with the reflector 15. The phospor layer 154
down-converts UV/blue illumination to visible after trans-
mission through the reflector 15, which has typical spec-
tral characteristics as shown in FIG. 7B. In this way, light
can be efficiently coupled into the PCM stack 14-10-16,
while ensuring that ambient light in the visible regime is
strongly reflected by the reflector 15, and this, without
apertures in the reflector being necessary involved.
[0118] The use of a phosphor has the added advan-
tage that UV illumination from sunlight is converted to
visible light for a further increase in brightness. Instead
of a photofluorescent layer, a quantum dot structure
could be used to improve the efficiency and/or emission
matching to pixel reflectivity.

2.7 FIG. 8

[0119] FIG. 8 illustrates a variant to the embodiment
of FIG. 3, wherein the spacer layer 14 similarly operates
as a waveguide illuminated by an edge backlight 40. The
coupling between the backlight and the waveguide -
spacer 14 is optimised using a diffractive optical element
50, such that no cladding is necessary. Here, the
waveguide - spacer layer further incorporates scattering
features 126 that have a same or similar function as the
microstructures incorporated in the cladding of FIG. 3.
The features 126 coincide with the position of pixels and
thereby direct light towards the upper PCM stack 14 - 10
- 16. Alternatively on a finer scale, such features 126 may
be used to control the spatial distribution of illumination
passing through individual PCM stacks, to optimise the
optical properties of the display.

2.3 FIG. 9

[0120] Another embodiment is illustrated in FIG. 4, in
which an additional waveguide 12 is now positioned
above the PCM layer stack in a front light configuration.
In FIG. 4, the ambient light is assumed to be low and the
backlight is ON. The light is coupled into the waveguide
12 from the edge backlight 40 and propagates through
the waveguide 12, confined by cladding layers 11. The
propagating light reaches a coupling area 124 at which
point it is scattered downwards into the PCM layer stack
from above. As assumed in FIG. 9, the coupling area 15
can be a microstructured surface which preferentially di-
rects light towards the PCM stack 14 - 10 - 16 rather than
towards the viewer. As a result of light being coupled into

the lower stack 15 - 14 - 10 - 16, the latter operates as a
reflective system in which the reflector 15 is sufficiently
thick to reflect (almost) all the light from the waveguide
12 back through the PCM stack 14 - 10 - 16, and back
through the waveguide 12 and out of the display to the
viewer (on top).
[0121] As the waveguide 12 is not part of the PCM
stack, it can be here again be optimised for illumination
without having to take into account the operation of the
PCM stack.

3. Specific embodiments and technical implementa-
tion details

3.1 Layer materials and dimensions

[0122] Preferably, the PCM 10 comprises or is com-
posed of Ge2Sb2Te5 (also known as GST). Still, other
materials may be used, including compounds or alloys
of the combinations of materials selected from the fol-
lowing list: GeSbTe, GeTe, GeSb, GaSb, AgInSbTe,
InSb, InSbTe, InSe, SbTe, TeGeSbS, AgSbSe, SbSe,
GeSbMnSn, AgSbTe, AuSbTe, and AlSb. It is also un-
derstood that various stoichiometric forms of these ma-
terials are possible. For example, beyond Ge2Sb2Te5
(GST), other stoichiometric forms of GexSbyTez may be
used. Another suitable material is Ag3In4Sb76Te17 (also
known as AIST). Furthermore, the PCM 10 may comprise
one or more dopants, such as C or N.
[0123] The layer or layer portions 10 are preferably less
than 100nm thick, and preferably less than 10nm thick,
such as 6 or 7nm thick.
[0124] Preferred PCMs are those that favour uniform
(bulk) switching, i.e., involving a large portion of material
in the switching process, as opposed to filamentary
switching. However, the system may be designed to al-
low the formation of multiple (parallel) filaments, which,
eventually, may also convene for the present purpose.
Yet, if the thickness of the PCM is too high, it may not
ensure a proper switching, hence the need to restrict the
thickness of the PCM layer, as exemplified above.
[0125] For embodiments relying on PCM’s states of
distinct refractive indices, a difference of at least 0.2 over
at least part of the visible wavelength range is typically
needed for the refractive indices of the two states of the
PCM. For example, one may have n = 2.4 in the high
refractive index state and n = 1.6 in the low refractive
index state. The difference of refraction indices in the two
states will typically range from 0.2 to 4. Typical values of
refractive indices and extinction coefficients for typical
PCMs can for instance be found can be found in "WHP
Pernice and H. Bhaskaran, Photonic non-volatile mem-
ories using phase change materials, Applied Physics Let-
ters, 101, 011243 2012".
[0126] For embodiments relying on thermal switching,
the profile of temperatures that need be reached in the
PCM for it to switch may typically be in the range of 500
- 600°C for GST, or even higher (> 600°C). The switching
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temperature is material dependent, and not all materials
switch at the same temperatures.
[0127] Each of the capping layer and the spacer may
for instance comprise titanium oxide, zinc oxide or indium
tin oxide. The spacer layer 14 is grown to have a thickness
that typically is in the range from 10nm to 250nm, de-
pending on the colour and optical properties required,
and whether such layer need be electrically insulating or
not. The capping layer 16 may, for example, be 20nm
thick.
[0128] Aluminium or silver may typically be used for
the reflector 15. The reflector can may for instance be
made from a silver layer (e.g., 30 - 50nm thick) or from
an aluminium layer (e.g., 20 - 40nm thick)
[0129] The lateral dimensions of the pixels are not spe-
cifically limited (but are typically more than 0.5nm). The
maximal, lateral dimension of the layer structure depends
on the type of display contemplated, its resolution, the
architecture and materials used.
[0130] A minimal degree of transparency is desired for
layers 16, 10 and 14. At least 10% transmittance of inci-
dent light is typically needed. For the PCM layer, a min-
imum of 1% is typically needed. Exact values of trans-
mittance depend on the actual thicknesses of the layers.
The reflector 15 need, in general, typically be optically
thick, except where transmissive backlight is used. In that
case, the reflector preferably has a reflectance that is
between 70 and 90%, e.g., 80%, on average, over the
range of wavelengths of interest. Else, its reflectivity may
approach 100%.
[0131] The resistive heater element 17 can include, for
example, a metal or metal alloy material that exhibits low
resistivity and a substantially high thermal conductivity.
For example, the resistive heater element can be formed
from titanium nitride (TiN), tantalum nitride (TaN), nickel
chromium silicon (NiCrSi), nickel chromium (NiCr), tung-
sten (W), titanium-tungsten (TiW), platinum (Pt), tanta-
lum (Ta), molybdenum (Mo), niobium (Nb), or iridium (Ir),
or any of a variety of or a combination of similar metal or
metal alloys having the above properties and have a melt-
ing temperature that is higher than the melting tempera-
ture of the PCM element 10.
[0132] The average thickness of the heating element
17 is preferably between 20nm and 2mm, and more pref-
erably between 60nm and 140nm.
[0133] The heater may need be substantially transpar-
ent to permit the passage of light through the PCM stack,
especially if located between the direct backlight and the
reflector, as in FIG. 1. The heater may not contribute to
the optical properties of each pixel or it may have an
active function in determining the optical transfer func-
tion, depending on this application sought.
[0134] The barrier layer 18 can be formed of SiN, AIN,
SiO2, silicon carbide (SiC), diamond (C) or other barrier
material having the required properties. Its thickness will
be adapted to achieve the desired electrical insulation
level.
[0135] If needed, various type of resistively switching

elements (or RSEs, see, e.g., element 21 in FIG. 1) may
be relied on, which have suitable nonlinear characteris-
tics. For instance, and depending on its location in the
device, the RSEs may be designed as threshold switch-
ing devices, e.g., as ovonic threshold switches, metal-
insulator transition devices, diodes (e.g., thin-film, planar,
etc.), or a threshold vacuum switches. Most practical is
perhaps to provide it as a mere layer portion. The RSEs
21 of FIG. 1 may for instance comprise an oxide, a nitride,
a sulfide, an oxynitride and/or diamond. For example, a
RSE may comprise one or more materials that comprise,
each, one or more of the following compounds: NbOx,
VOx, HfO2, SiO2, ZrO2, and TiO2. Using such materials,
the average thickness of the RSE (when provided in the
form of a layer or layer portion 21 as in FIG. 1) is preferably
between 10nm and 100nm, and more preferably between
10nm and 30nm.
[0136] The substrate 23 (see FIG. 1) onto which pixels
are patterned may for example comprise a semiconduc-
tor wafer, SiO2, or a flexible substrate such as a polymer
film.

3.2 Non-linear elements for passive matrix display

[0137] As evoked just above, the present display de-
vice may further comprise a set of nonlinear, monostable
RSEs, which may possibly form part of the pixels, espe-
cially if the pixels are thermally switched. The RSEs are,
each, in electrical communication with a heating element
of one of the pixels. They are designed so as to exhibit
a low resistance, unstable state and a high-resistance,
stable state. The low resistance state allows the heating
element to be energized via the RSE, so as to heat the
PCM and reversibly change a refractive index and/or an
optical absorption thereof, in operation. The high-resist-
ance state allows leakage currents to be mitigated, so
as to prevent inadvertent switching of the PCM from one
of its states to the other, in operation. Thus, the display
controller may be configured to energize any of the pixels
via a respective one of the RSEs, so as to switch the
latter from its high-resistance state to its low resistance
state, in order to energize a respective heating element
and, in turn, reversibly change a refractive index and/or
an absorption of a respective PCM.
[0138] Thus, RSEs make it possible to filter out para-
sitic currents or voltage signals, such as "sneak path"
currents or leakage currents and the like. This, in turn,
prevents inadvertent switching of the PCM elements.
This solution is particularly beneficial for passive matrix
addressing displays, as discussed below.

3.3. PCM switching

[0139] Signals applied from the display controller 30
may for example cause signals S1, S2 to be generated
in output from the RSE element 21 (FIG. 1), which output
signals have pulse characteristics (amplitude and dura-
tion) that determine the heat profiles subsequently
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achieved in the heater element 17 and, in turn, the heat
transferred to the PCM 10. For example, a signal S1 with
first characteristics is provided to the heater while the
PCM is in an amorphous state, to set the PCM to a crys-
talline state. For example, the applied signal S1 causes
to generate a first temperature profile P1 in the PCM (from
the heating element). In response to the application of
the first signal to the heater, the latter generates heat that
is conducted to the PCM to induce a temperature T1
greater than the crystallization temperature Tc, but less
than the melting temperature Tm, and which remains
greater than Tc for a time sufficient to crystallize the PCM.
[0140] Similarly, under application of a suited signal by
the controller, a second signal S2 with second character-
istics can be generated in output of the RSE, while the
PCM is still in a crystalline state. This, in turn, generates
a second heat profile P2 in the PCM, which sets the PCM
back to an amorphous state. The second heat profile is
generated by the resistive heater element 17 in response
to the second signal, whereby heat is conducted to the
PCM. This results, in the PCM, in a temperature T2 that
is now greater than the melting temperature Tm, and in-
duces a transition to a liquid phase.
[0141] Allowing the temperature to rapidly decay after
the falling-edge of the applied pulse results in solidifica-
tion of PCM in the amorphous state. The heater-temper-
ature profiles T1, T2 generated by the heater may typically
have substantially the same shape as the current inten-
sity profiles S1, S2 obtained in out of the RSE.
[0142] The pulses applied from the display controller
can be adjusted and refined, e.g., by trial and error, and
based on all the relevant parameters, starting with the
nature of the materials involved and their dimensions. In
that respect, the materials 21, 17, 18, 15, 14, 10, 16 may
be selected and designed (e.g., in terms of thickness) so
as to have thermal, optical and/or electrical properties
that ensure rapid dissipation of the heat from the PCM
10, e.g., it mitigates the recrystallization of the PCM sub-
sequent to melting (during the amorphisation process).

3.4 Crossbar structures for passive matrix displays

[0143] The present display devices are preferably em-
bodied as passive matrix addressing displays. Such dis-
play devices further comprise an arrangement of pairs
of electrodes, wherein each of the pairs of electrodes is
in electrical communication with a heating element of one
of the pixels, via a respective one of the RSEs that is
connected in series between the electrodes of each pair,
so as for each of the pixels to be individually addressable
by the controller in the display device.
[0144] For example, the schematic passive matrix dis-
play of FIG. 10 involves row 221 and column 222 elec-
trodes in a crosspoint configuration with the pixels 2 lo-
cated about each crosspoint. For simplicity, pixels 2 are
illustrated on each crosspoint in the diagram of FIG. 10.
In practice, however, the pixels 2 may need be laterally
offset (as illustrated in FIG. 11) from the crosspoints. Still,

more sophisticated, 3D structures can be devised, to
avoid offset configurations and increase the pixel fill-fac-
tor. In the system of FIG. 10, the row electrodes 221 are
addressed by a multiplexer 31 and the column electrodes
222 by another multiplexer 32. The multiplexers are con-
trolled by a microprocessor 36 while the timing and sig-
nals are handled by a function generator 34. Elements
31 - 36 can be regarded as forming part of the display
controller 30 previously discussed. All electronic inter-
face elements needed are well known per se in the art,
e.g., they are standard features of a passive matrix dis-
play, which ease the interfacing of a PCM pixel display.
Still, the function generator 34 need be fed with or have
access to suitable waveform definitions and its timing
functions need be adapted to the timing involved in the
present sequence of events, taking into account the re-
sponse times of the RSEs 21, the heating elements 17
and PCMs 10.
[0145] In the example of FIG. 1, the RSE 21 is inte-
grated in the pixel, i.e., the RSE is stacked in the layer
structure 2 of the pixels. This approach simplifies the fab-
rication of the device 1 as the RSE merely requires an
additional layer deposition when forming the stack. Note
that the layer stack 2 sits on the electrodes 221, 222, with
the RSE 21 bridging the electrodes, but the layer stack
2 is not sandwiched between the electrodes. In that
sense, the electrical path and the thermal/optical paths
are de-correlated, which prevent electrodes to interfere
with optical properties of the pixels. More generally, the
electrical path and the heating path may, in embodi-
ments, be partly de-correlated, since the pixels may be
arranged at the level of electrodes underneath, with one
or a few layers of the stack bridging the electrodes, while
additional layers on top, which are thermally conductive,
extend beyond the electrical path, without being sand-
wiched by the electrodes.
[0146] In usual crosspoint device structures, the active
element is commonly fabricated at the crossing point,
and sandwiched between the row and column elec-
trodes. However, in the present context (a display), one
may want to avoid a sandwich configuration and prevent
electrodes to interfere with optical properties of the pixels.
This can be simply resolved by laterally shifting the pixels.
This is illustrated in FIG. 11. Here, each pixel 2 is laterally
offset (i.e., in a direction perpendicular to the stacking
direction z of the layer structure) from the crosspoint
formed at the intersection of electrodes 221, 222. Still,
the electrodes 221, 222 are in electrical communication
with the RSE (not visible in FIG. 11) of the depicted pixel
2. For example, an edge of the pixel 2 may be parallel
and at a distance from one 222 of the electrodes and be
contacted by an auxiliary arm 222a, forming a junction
with the electrode portion 222. Another, contiguous edge
of the same pixel 2 may thus be in direct contact with the
other electrode 221.
[0147] As a result of positioning the pixel away from
the crosspoint, it is necessary to insulate the crossing
point of the row and column electrodes, e.g., using a di-
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electric element or bridge 225. Insulation may, however,
already be provided by a layer in which the electrodes
are embedded.
[0148] For example, the bridge 225 can be fabricated
from a polymer material that is first lithographically fab-
ricated over the column electrodes 222 at each cross-
point, e.g., in the form of a disc shape. The polymer disc
is then heated past the glass transition temperature such
that each disc forms a lenticular shape, which is then
cooled. The fabrication of the row electrodes 221 over
the column electrodes 222 and the bridge layer 225 then
takes place, with the lenticular shape of the bridge 225
guiding the row electrodes 221 over each crosspoint
while minimising sharp gradients, which could else lead
to increased resistance or failures. In variants, the bridge
can be fabricated as an oxide (e.g., Si3N4), deposited
through a mask.
[0149] While not allowing the highest density of pixels,
the offset configuration of FIG. 11 is quite adequate for
many display applications and will typically cover 70% or
more of the active area. A black matrix may for instance
be used to cover remaining areas (other than pixel areas),
including electrodes 221, 22 and dielectric bridges 225.
[0150] In variants, more sophisticated structure can be
contemplated, which allow larger pixel filling. One key
aspect of such variants is to connect electrodes 221, 222
to heating elements of the pixels through transverse vias.
Namely, each pair of electrodes can be made in electrical
communication with a heating element of a pixel through
two transverse vias (not shown), which extend, each, par-
allel to the stacking direction z of the layer structure.
[0151] In the example of FIG. 10, all the pixels 2 in the
array can be independently addressed by a sequential
application of signals between each combination of row
(221) and column (222) electrodes. As evoked in the pre-
vious subsection, this may be achieved by applying a
row selection signal (e.g., a voltage of a given polarity
and magnitude which is itself not sufficient to activate the
RSE, that is, smaller than a given threshold voltage V0)
to each row electrode. While this signal is in effect for
each row, an addressing signal of opposite polarity (with
magnitude and duration to either crystallise, re-amor-
phise or leave unchanged the PCM region at each inter-
section of the currently active row) is applied to each
column electrode simultaneously. The signal of opposite
polarity to the row selection signal may then cause the
total voltage, in combination with the row selection volt-
age, across the heater and RSE element of the intended
pixels in the row, to exceed Vo and result in the intended
current pulse. In this manner, each row of the array may
be addressed in a given time period, and all rows may
be addressed sequentially within the allotted frame time
to update the full image on the display.
[0152] Such row-wise addressing is a standard meth-
od in display driving. Other, more complex passive matrix
addressing schemes are also well known, which use or-
thogonal waveforms applied to the rows as activation sig-
nals, allowing multiple rows within the array to be acti-

vated at the same time while maintaining independence
of the switching signal resulting on each intersection.
Such "matrix drive" or "parallel drive" schemes may also
be applied to PCM-based displays according to embod-
iments.
[0153] Conversely, rows may be addressed in a non-
sequential order, and rows may be addressed more than
once in a given frame period, with a portion of the pixels
in each row addressed during activating period, so as to
spatially separate pixels which are activated simultane-
ously or during temporally close periods. This may allow
more effective heat dissipation from individual pixels and
prevent a local build-up of heat from pixels being activat-
ed in close spatial and temporal succession, which may
interfere with successful re-amorphisation of the pixels.
[0154] More generally, methods for controlling display
devices as disclosed herein may notably comprise re-
peatedly energizing the pixels, via the display controller
30, so as to reversibly switch RSEs 21 in electrical com-
munication with respective heating elements of the pixels
and energize the respective heating elements 17. This,
as discussed earlier, allows respective PCMs 10 to be
reversibly switched.
[0155] The devices described above can, in general,
be used in the fabrication of displays and (sub)pixels in
display devices. The resulting devices can be distributed
by the fabricator in raw form (that is, as a single product
that has multiple unpackaged devices) or in a packaged
form. In any case the device can then be integrated with
other devices, discrete circuit elements, and/or other sig-
nal processing devices as part of either (a) an interme-
diate product or (b) an end product. The end product can
be any product that includes an optical device such as
described above, ranging from low-end applications to
advanced products.
[0156] While the present invention has been described
with reference to a limited number of embodiments, var-
iants and the accompanying drawings, it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted without de-
parting from the scope of the present invention. In par-
ticular, a feature (device-like or method-like) recited in a
given embodiment, variant or shown in a drawing may
be combined with or replace another feature in another
embodiment, variant or drawing, without departing from
the scope of the present invention. Various combinations
of the features described in respect of any of the above
embodiments or variants may accordingly be contem-
plated, that remain within the scope of the appended
claims. In addition, many minor modifications may be
made to adapt a particular situation or material to the
teachings of the present invention without departing from
its scope. Therefore, it is intended that the present inven-
tion not be limited to the particular embodiments dis-
closed, but that the present invention will include all em-
bodiments falling within the scope of the appended
claims. In addition, many other variants than explicitly
touched above can be contemplated. For example, other
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materials or thickness than those explicitly mentioned
may be contemplated.

Claims

1. A transflective display device (1, 1a- 1h) comprising:

a set of pixels (2, 2a - 2h), wherein each of the
pixels comprises a portion (10) of bi-stable,
phase change material (10), hereafter a PCM
portion, having at least two reversibly switchable
states, in which it has two different values of re-
fractive index and/or optical absorption;
one or more spacers (14), optically transmis-
sive, and extending under PCM portions of the
set of pixels;
one or more reflectors (15), extending under the
one or more spacers (14);
an energization structure, in thermal or electrical
communication with the PCM portions, via the
one or more spacers;
a display controller (30) configured to selectively
energize, via the energization structure, PCM
portions of the pixels, so as to reversibly switch
a state of a PCM portion of any of the pixels from
one of its reversibly switchable states to the oth-
er;
a backlight unit (40), configured in the device to
allow illumination of the PCM portions through
the one or more spacers (14); and
a backlight unit controller (42), configured for
modulating one or more physical properties of
light emitted from the backlight unit (40).

2. The transflective display device according to claim
1, wherein:

the energization structure is a heating structure
that is electrically insulated from the PCM por-
tions and in thermal communication therewith,
via the one or more spacers and, which, prefer-
ably, extends under the one or more reflectors
(15) or laterally thereto, or are integral therewith;
the one or more spacers (14) are thermally con-
ducting; and
the display controller (30) is configured to ener-
gize the heating structure to thereby selectively
heat PCM portions of the pixels, so as to revers-
ibly switch a state of a PCM portion of any of the
pixels from one of its reversibly switchable states
to the other.

3. The transflective display device according to claim
1 or 2, wherein

said one or more reflectors (15) are configured
as a reflective layer extending under the set of

pixels.

4. The transflective display device according to any one
of claims 1 to 3, wherein

the backlight unit (40) is a direct backlight unit
(40), arranged in the device to illuminate the
PCM portions from a backside of the device, op-
posite to the PCM portions with respect to an
average plane of said one or more reflectors
(15), the latter being partially reflective and par-
tially transparent.

5. The transflective display device according to any one
of claims 1 to 3, wherein

the backlight unit (40) is an edge backlight unit
(40), arranged in the device to illuminate the
PCM portions from a lateral side of the device,
via one or more waveguides, wherein the
waveguides extend, each, in a same plane that
is parallel to an average plane of the one or more
reflectors (15).

6. The transflective display device according to claim
5, wherein

said one or more waveguides are arranged on
top of the PCM portions, opposite to the one or
more reflectors (15), with respect to the PCM
portions.

7. The transflective display device according to claim
5, wherein

each of the one or more spacers (14) are clad-
ded with cladding layers, so as to form said one
or more waveguides for the backlight unit (40)
to illuminate the PCM portions via the one or
more spacers (14),
and wherein,
one or each of said cladding layers is patterned
with microstructures or comprises optical struc-
tures designed and arranged with respect to the
pixels so as to allow light emitted from the back-
light unit (40) and internally reflected in the spac-
ers (14) to exit towards PCM portions of each of
the pixels.

8. The transflective display device according to claim
5, wherein:

said one or more reflectors (15) comprise a re-
flective layer that extends under the one or more
spacers (14); and
the one or more waveguides are configured as
a waveguide extending below said reflective lay-
er, opposite to the one or more spacers (14) with
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respect to said reflective layer,

wherein,
the device further comprises optical structures, ar-
ranged in or on the reflective layer, or in a vicinity
thereof, the optical structures arranged with respect
to the pixels so as to allow light emitted from the
backlight unit (40) and internally reflected in said
waveguide to exit toward a PCM portion of each of
the pixels.

9. The transflective display device according to claim
8, wherein

said optical structures comprise one or more of:
lensed structures, in contact with said reflective
layer; holes provided in said reflective layer;
microstructures on said reflective layer or in a
layer in contact with said reflective layer; and
scattering features.

10. The transflective display device according to claim
8, wherein

the device comprises a narrow-band pass filter,
the latter including a stack of layers, wherein one
or more of the layers of the stack act as said
reflective layer, the stack of layers being other-
wise designed so as to filter a spectral range of
light that exit toward the PCM portions from said
waveguide, in operation.

11. The transflective display device according to claim
8, wherein

the device further comprises a wavelength shift-
er on top of the reflective layer, opposite to the
waveguide with respect to the reflective layer.

12. The transflective display device according to any one
of claims 1 to 11, wherein

said each of the pixels has a layer structure that
includes a distinct, bi-stable PCM layer portion,
the latter including a PCM portion having at least
two reversibly switchable states.

13. The transflective display device according to claim
12, wherein

the layer structure of each of the pixels includes
a capping layer above a PCM portion thereof,
opposite to the one or more spacers (14) with
respect to said PCM portion, the capping layer
preferably comprising a same material as said
one or more spacers (14).

14. The transflective display device according to claim

13, wherein

the capping layer comprises reflective optical
structures, such as flat mirrors or lenses, con-
figured to reflect light emitted from the backlight
unit (40) and out-coupled toward the pixels to-
ward said one or more reflectors (15).

15. A method of operating a transflective display device
according to any one of claims 1 to 14, the method
comprising:

selectively energizing the pixels, via said display
controller (30), so as to reversibly switch a state
of a PCM portion thereof from one of its revers-
ibly switchable states to the other; and
modulating, via the backlight unit controller (42),
one or more physical properties of light emitted
by the backlight unit (40).
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