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(54) ROOF CONSTRUCTION FOR A VEHICLE AND A SEMI-TRANSPARENT PHOTO VOLTAIC 
PANEL THEREIN

(57) A roof construction for a vehicle having an open-
ing (1) in its fixed roof (2), comprises at least one panel
(3, 3’) for at least closing said opening (1). The panel (3,
3’) comprises a first and a second layer of glass (4, 5)
and in between said first and second layer of glass a

sheet of photo voltaic cells (6) as a third layer.
The sheet of photo voltaic cells (6) has an active

layer (7) of a thin film of solar cell material and further
has a first area (8) which is semi-transparent and a sec-
ond area (9) which is substantially opaque.
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Description

[0001] The invention firstly relates to a roof construc-
tion for a vehicle having an opening in its fixed roof, com-
prising at least one panel for at least closing said opening,
said panel comprising a first and a second layer of glass
and in between said first and second layer of glass a
sheet of photo voltaic cells as a third layer.
[0002] Such a roof construction is known from US
8952236 B2 in which a hybrid type of roof panel is dis-
closed having a first type of semi-transparent solar cells
(for instance a dye-sensitized solar cell module) provided
in the centre of the panel and a second type of solar cells
having better photovoltaic performance (for instance a
silicon solar cell module) in an edge area of the panel.
The first and second type of solar cells may be electrically
interconnected by means of wires. The disadvantage of
such hybrid module is that because each of the type of
solar cell module is manufactured separately and has a
particular individual thickness which may not be the
same, it takes extra effort to incorporate these different
solar cell module types into a panel, involving extra meas-
ures to adopt the different thicknesses of the cells and
to adopt separate electrical connections in between the
different solar modules. Also differences in colour may
occur when using two different types of solar cell mod-
ules, which for esthetical reasons, is less desirable when
using such a panel in a vehicle.
[0003] It is one of the objects of the present invention
to provide an improved roof construction of the present
type.
[0004] To obtain this object, the roof construction is
characterized in that the sheet of photo voltaic cells has
an active layer of a thin film of solar cell material and
further having a first area which is semi-transparent and
a second area which is substantially opaque.
[0005] In this manner, because of the thickness of the
whole sheet of photo voltaic cells being the same and
the electrical connections between the first and second
area are integrated in the sheet of the photo voltaic cells,
no additional measures in this area need to be taken
which makes the present invention cheaper in manufac-
turing and the electrical reliability may increase. Also aes-
thetically the present invention may be more attractive
for the use in a vehicle, since the colour of the photo
voltaic cells in the different areas is the same.
[0006] In one aspect of the invention the semi-trans-
parent first area is substantially located in the central area
of the panel and the substantially opaque second area
is located near the edge of the panel. As such, light will
enter the interior of the vehicle in this centrally positioned
semi-transparent area of the panel, in this manner a
transparency of up to 20 % can be reached.
[0007] According to another aspect of the invention the
semi transparency of the photo voltaic cells in the first
area is created by laser engraving of lines into the active
surface of the photo voltaic cells such that visible light
can travel through the engraved lines.

[0008] According to another aspect of the invention,
by creating laser engraved lines, not only a semi-trans-
parency is created but also isolated photo voltaic cells
are created in such a way that the sheet of photo voltaic
cells comprises a sequence of individual photo voltaic
cells, the boundaries of which are formed by laser en-
graved lines into the photo voltaic cell material and
wherein the photo voltaic cells are electrically connected
to each other.
[0009] According to another aspect of the invention,
when using these isolated photo voltaic cells, it is possible
to arrange them electrically in a parallel and or serial cir-
cuits. Such that a first sequence of individual photo voltaic
cells is electrically connected in series to each other and
wherein said first sequence of photo voltaic cells extends
adjacent to each other in a first direction on the panel.
[0010] According to another aspect of the invention, in
one direction the photo voltaic cells are created in series
which determines an electrical potential in one direction,
and by circuiting these first sequence of cells in a second
direction in parallel with other adjacent positioned first
sequences it is possible to increase the basic voltage of
0,85 V to a maximum voltage of 60 Volts. This can be
done by the arrangement of a second sequence of first
sequences of in series connected photo voltaic cells are
connected to each other in parallel and wherein said sec-
ond sequence of a first sequence of in series connected
photo voltaic cells lie adjacent to each other in a second
direction which is perpendicular to the first direction.
[0011] According another aspect of the invention, it is
best practise to arrange the number of second sequenc-
es of in parallel connected cells adjacent to each other
on the sheet of photo voltaic cells such that it is an integer
value.
[0012] According another aspect of the invention the
first direction of the first sequence of photo voltaic cells
is a direction which is longitudinal with regard to a longi-
tudinal direction of the vehicle. However it may be con-
ceivable that the first direction is in a transverse direction
with respect to the vehicle.
[0013] According another aspect of the invention the
lower side of the sheet of photo voltaic cells is provided
with a layer of black ink in a third area along the circum-
ferential edge of said sheet. The black ink provides a
blocking layer to the UV light which may protrude through
the engraved lines in this particular area. Such UV light
may have a detrimental effect on the PU encapsulation
material or PU glue. Thus the third area, provided with a
layer of black ink, covers an area which is a projection
of an area on the lower side of the panel, comprising a
mechanism bracket and or a reinforcement and material
to fix said bracket and or reinforcement to the lower side
of the panel by means of encapsulation material or glue.
[0014] According another aspect of the invention the
sheet of photo voltaic cells comprises a thin support layer
and deposited on this a thin layer of solar cell material
which is the active layer. The thin support layer may be
a thin film of chemical tempered glass or a layer of plastic
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foil having a thickness of less than 1 mm.
[0015] In another embodiment the thin film of solar cell
material comprises a layer of amorphous silicon material.
[0016] According another aspect of the invention the
photo voltaic cells of amorphous silicon provided on the
sheet of photo voltaic cells are either of the type of the
so called semi-transparent single junction, semi-trans-
parent tandem junction or triple junction. These various
types of photo voltaic cells have different levels of effi-
ciency, but also they are different in cost price.
[0017] In yet another embodiment the thin film of solar
cell material comprises a layer of either of CIGS material,
CIS material or Perovskite material.
[0018] According another aspect of the invention the
panel comprises encapsulation material around the cir-
cumferential edge of the panel and wherein the first and
second layers of glass comprises a ceramic layer on the
lower side of each of said layers. The ceramic layer is
necessary in the manufacturing of the glass, in this em-
bodiment the ceramic layers can be substantially the
same size for the first and second layers of glass. Ac-
cording another aspect of the invention a sequence of in
series connected photo voltaic cells in the first semi-
transparent area has photo voltaic cells having a first
square area which is smaller than a second square area
of the photo voltaic cells in the second opaque area, and
wherein the boundary between the first semi-transparent
area and opaque second area is created by a sequence
of laser engraved lines between photo voltaic cells having
a first square area and photo voltaic cells having a larger
second square area. As such the boundary is a sharp
line engraved in the active material which forms the
boundary. It is also conceivable that in another embodi-
ment the boundary between the first semi-transparent
area and opaque second area is created by sequences
of in series and in parallel connected photo voltaic cells
that gradually grow in steps from the first square area to
the second square area. In this way there is not a sharp
line between the two areas, but an area of cells which
gradually increase in size which may be aesthetically of
value.
[0019] In another embodiment the semi transparency
of the photo voltaic cells in the first area is created by
laser engraving of holes into the active layer of the photo
voltaic cells such that visible light can travel through the
engraved holes.
[0020] Herein after the invention will be further eluci-
dated while referring to the drawings, in which:

Fig. 1 is a schematic perspective view of a vehicle
comprising the roof construction.
Fig. 2 is a plan view of the panel of the roof construc-
tion.
Fig. 3 is a section across the panel according to line
III-III in Fig. 2.
Fig. 4 is a sectional view according to line IV-IV in
Fig. 2.
Fig. 5 is a perspective view of the sheet of photo-

voltaic cells showing the engraved lines by means
of dotted lines.
Fig. 6 is a detailed sectional view across the sheet
of photo voltaic cells of Fig. 5, showing the active
layers of a single junction amorphous silicon solar
cell.
Fig. 7 is a view showing the various layers of which
the panel is built up.

[0021] Referring to Fig. 1 a vehicle is shown having an
opening 1 in its fixed roof 2 and two panels 3, 3’ closing
off the roof opening 1. These two panels 3, 3’ are part of
an open roof construction capable of closing the roof
opening 1 and at least partially opening the roof opening
1. The most forward panel 3 of the two panels 3, 3’ seen
in longitudinal forward direction with respect of the vehi-
cle and its forward driving direction is a movable panel.
For example, it may be tiltable and/or slidable. The rear
panel 3’ may be movable too, but is usually a stationary
panel. On the other hand, both panels 3, 3’ may be sta-
tionary, or the fixed roof may be equipped with one large
stationary panel 3.
[0022] Both of the panels 3, 3’ are equipped with photo
voltaic cells 6 in order to generate electric energy. It is
conceivable that the open roof construction comprises
just one panel 3 having photo voltaic cells 6. The movable
panel 3 is capable of moving rearward on the outside of
the vehicles fixed roof, or is capable of moving rearward
below the fixed roof 2. The invention is not limited to a
number of panels, nor is it limited to the aspect that the
panel is being movable. In fig. 1 each of the panels 3, 3’
is equipped with a sheet of photovoltaic cells 6. The photo
voltaic cells 6 may be either of the type of amorphous
silicon, CIGS, CIS or Perofskite material. In case the pho-
to voltaic cells 6 are made of amorphous silicon it is con-
ceivable that the cells are either of the type of single junc-
tion (also known as mono junction), dual junction or triple
junction.
[0023] In Fig. 2 the forward panel 3 is shown and also
the sheet of photovoltaic cells 6 is shown comprising se-
quences of photo voltaic cells by means of lines. These
lines 12 are lines engraved into the active layer 7 of the
sheet of photo voltaic cells 6. The lines 12 protrude
through the active layer 7 and allow light through the
sheet of photo voltaic cells 6. Thus when the panel 3 is
in a closed position, closing the opening 1 in the fixed
roof 2 in daylight conditions, a first area 8 below the centre
area 10 of the panel 3 will thus be lightened by light com-
ing from the exterior of the vehicle. The second area 9
to the left and right of the semi-transparent centre area
of the panel 3 in fig. 2 is an area which is opaque. It can
be noticed that the sheet of photo voltaic cells 6 has a
rectangular shape. This is beneficial when manufacturing
the sheet, however it is conceivable that also other
shapes can be manufactured, for instance a shape that
follows the circumferential edge 11 of the panel. The pho-
to voltaic cells are arranged in two types of sequences.
The first sequence 13 is a sequence which is directed in

3 4 



EP 3 506 371 A1

4

5

10

15

20

25

30

35

40

45

50

55

a longitudinal direction, in other words in a direction from
above to below (or vice versa) in Fig. 2.
[0024] The photo voltaic cells in this first sequence 13
are connected in series to each other. Adjacent to this
first sequence 13 a second sequence 14 can be observed
perpendicularly directed in a transverse direction or seen
in Fig. 2., in a left to right direction. This second sequence
14 comprises first sequences 13 of in series connected
photo voltaic cells placed adjacent to each other and
whereby the first sequences 13 at the beginning and the
end of the first sequence are connected in parallel with
each other. In case the photo voltaic cells are of the amor-
phous silicon type having a single junction build-up of the
layers, each cell provides an electrical potential of 0,85
Volts. In this particular case the width of the second se-
quence 14 of photo voltaic cells 6 lies in between 2 and
12 mm., however a more optimal range is in between 4
and 10 mm. For the first sequence 13 the total electric
potential of the in series connected photo voltaic cells 6
may add up to a maximum which does not exceed 60
Volts, and because the photo voltaic cells 6 in the second
sequence 14 are connected to each other in parallel, the
total voltage potential from the sheet of photovoltaic cells
6 shall not exceed 60 Volts. For esthetical and electrical
reasons the width of each of the second sequences 14
should be the same and the number of the second se-
quences 14 should be an integer value. The first se-
quences 13 may extend in another direction as explained
above, for instance in a transverse direction with respect
to the longitudinal direction of the vehicle. In the second
opaque area 9 engraved lines 12 are made only in a
second transverse direction. So some light may enter
through these lines 12 however there is a layer of black
ink 15 placed on the lower side of the sheet of photovoltaic
cells 6 which blocks rays of light entering these lines 12
as shown in Fig. 3. Furthermore in Fig. 2 photo voltaic
cells 6 are shown having a first square area 24 in the
semi-transparent first area 8 of the panel 3 and the larger
photo voltaic cells having a second square area 25 in the
second opaque area 9 of the panel 3. The boundary be-
tween these photo voltaic cells 6 having a first and a
second square area 24, 25 is a laser engraved line 12
extending in a first direction. It is conceivable that the
difference between the first and second square area 24,
25 is created by one or more photo voltaic cells 6 having
a square area which is increased in step(s) from the first
square area 24 to the second square area 25.
[0025] In Fig. 3 a section is shown through part of the
panel 3 according to line III-III of fig.2. The section shows
a first and a second layer of glass 4, 5. Such layers of
glass 4, 5 may be of semi tempered quality. Further a
third layer is shown which is the sheet of photo voltaic
cells 6 being in between the first and second layers 4, 5.
[0026] The lower side of the sheet of photo voltaic cells
6 comprises a layer of black ink 15 in an area near the
edge 11 of the panel. This layer of black ink 15 may have
a width extending from the edge of the photovoltaic sheet
6 to a line lying inwardly towards the centre of the sheet

10.
[0027] Each of the layers of glass 4, 5 has a ceramic
layer 21 positioned on the lower side of each of the glass
layers 4, 5. These ceramic layers 21 reinforce the edge
of the layers of glass 4, 5 and are opaque and extend
over a distance which lies in a range of minimal 20 mm
measured from the edge of the layers of glass 4, 5. The
panel 3 further comprises an edge of encapsulation ma-
terial 19 forming not only an additional edge 11 to the
aforementioned layers, but also encapsulating a mech-
anism bracket 17, used for the connection to the rest of
the open roof construction, i.e. the mechanism (which is
not shown). Such encapsulation material 19 may be a
PU material or a PVC material. The area of the encap-
sulation material 19 extending below the layers of glass
4, 5 may not be exposed to UV light to avoid that the
adherence between the encapsulation material 19 and
the glass material 4, 5 deteriorates. In order to protect
this area of encapsulation material 19 below the glass
layers 4, 5, the layers of ceramic material 21 and the
layer of black ink 15 extend well over a projection of this
encapsulated area such that no UV lighting reaches the
encapsulation material 19. As is shown in Fig. 3 a small
overlap exists in the projections of the ceramic layer 21
and the black ink layer 15.
[0028] In Fig. 4 a sectional view of the panel 3 is shown
according to line IV-IV. The encapsulation material 19 in
this section encapsulates a reinforcement 18 below the
lower surface of the glass layers 4, 5. Likewise as in Fig.
3 here, a layer of ceramic material 21 is shown formed
on the lower side of each of the first and second layer of
glass 4, 5. Also the layer of black ink 15 is shown. It is
clear from fig. 4 that the layer of black ink 15 extends
from the edge of the sheet of photo voltaic cells 6 inwardly
(to the left in Fig. 4) and stops at a certain point whereby
the black ink layer 15 covers a projected area of encap-
sulation material 19 connected to the bottom side of the
panel 3.
[0029] In Fig. 5 the sheet of photo voltaic cells 6 is
shown including the engraved lines 12 shown by the dot-
ted lines, the semi-transparent first area 8 and the opaque
second area 9.
[0030] In Fig. 6 a section across the sheet of photo
voltaic cells 6 of Fig. 5 is taken. The embodiment shown
here is of an amorphous silicon material having a single
junction build-up of the active material 7. The upper layer
in the drawing is a support layer 20 which can be a layer
of thin glass or a layer of plastic foil. The active layer 7
comprises a top layer 27 and a bottom layer 27 of TCO
(transparent Conductive Oxide) material. The layers in
between are respectively a layer of amorphous silicon
28 and a layer of micro crystalline silicon 29. Here in a
section a laser engraved line 12 is shown which allows
the passage of visible light from an upper side of the
photo voltaic sheet 6 to a lower side of it in Fig. 6.
[0031] In Fig. 7 a close up sectional view of the panel
3 is shown without the encapsulation material 19. Both
layers of glass 4, 5 are shown with ceramic layers 21,
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photo voltaic layer 6 is shown and the layer of black ink
15 on it. Here are also PVB layers 22, 23 shown which
provide adherence of the layers of glass 4, 5 and the
photo voltaic sheet 6 to each other.
[0032] The invention is not limited to the embodiments
shown in the drawings and described above, which can
be varied in different manners within the scope as defined
by the appending claims. As such instead of creating
semi transparency by means of straight lines 12, it is also
possible to form other shapes by means of laser engrav-
ing such as circular holes 26 or by means of lines that
are not straight. Also it is conceivable to have instead of
a panel having two glass layers 4, 5 to have a panel with
just one glass layer positioned as an upper layer forming
a continuous surface with the fixed roof of the vehicle.
The sheet of photo voltaic cells 6 forms a layer to the
bottom side of the glass layer and is protected by one or
more plastic PVB and EVA layers to avoid damages from
below. Aspects of the various embodiments can be used
in other combinations.

Claims

1. A roof construction for a vehicle having an opening
(1) in its fixed roof (2), comprising at least one panel
(3, 3’) for at least closing said opening (1), said panel
(3, 3’) comprising a first and a second layer of glass
(4, 5) and in between said first and second layer of
glass a sheet of photo voltaic cells (6) as a third layer,
characterized in that the sheet of photo voltaic cells
(6) has an active layer (7) of a thin film of solar cell
material and further having a first area (8) which is
semi-transparent and a second area (9) which is sub-
stantially opaque.

2. The roof construction of claim 1, wherein the semi-
transparent first area (8) is substantially located in a
central area (10) of the panel and the substantially
opaque second area (9) is located near an edge (11)
of the panel (3, 3’).

3. The roof construction of claim 1 or 2, wherein the
semi transparency of the photo voltaic cells (6) in the
first area (8) is created by laser engraving of lines
(12) into an active layer (7) of the photo voltaic cells
such that visible light can travel through the engraved
lines (12).

4. The roof construction according to one of the previ-
ous claims, wherein the sheet of photo voltaic cells
(6) comprises sequences of individual photo voltaic
cells (13,14), the boundaries of which are formed by
laser engraved lines (12) into the active layer (7) of
photo voltaic cell material, wherein the photo voltaic
cells are electrically connected to each other, and
wherein preferably a first sequence (13) of individual
photo voltaic cells (13) is electrically connected in

series to each other and wherein said first sequence
(13) of photo voltaic cells extends adjacent to each
other in a first direction on the panel (3, 3’).

5. The roof construction of claim 4, wherein second se-
quences (14) of first sequences of in series connect-
ed photo voltaic cells are connected to each other in
parallel and wherein said second sequence (14) of
first sequences (13) of in series connected photo vol-
taic cells lie adjacent to each other in a second di-
rection which is perpendicular to the first direction,
and wherein preferably a number of second se-
quences (14) of in parallel connected cells adjacent
to each other on the sheet of photo voltaic cells is
an integer value.

6. The roof construction of claim 4 or 5, wherein the
first direction of the first sequence (13) of photo vol-
taic cells is a direction which is longitudinal with re-
gard to a longitudinal direction of the vehicle.

7. The roof construction of claim 1, wherein the lower
side of the sheet of photo voltaic cells (6) is provided
with a layer of black ink (15) in a third area (16) along
the circumferential edge of said sheet (6), wherein
the third area (16), provided with a layer of black ink
(15), may cover an area which is a projection of an
area on the lower side of the panel, comprising a
mechanism bracket (17) and or a reinforcement (18)
and material to fix said bracket and or reinforcement
to the lower side of the panel by means of encapsu-
lation material (19) or glue.

8. The roof construction of claim 1, wherein the sheet
of photo voltaic cells (6) comprises a thin support
layer (20) and deposited on this a thin layer of solar
cell material which is the active layer (7), wherein
the thin support layer (20) may be a thin film of chem-
ical tempered glass or a layer of plastic foil having a
thickness of smaller than 1 mm.

9. The roof construction of claim 1, wherein the thin film
of solar cell material, i.e. the active layer (7) com-
prises a layer of amorphous silicon material, wherein
the photo voltaic cells of amorphous silicon material
provided on the sheet of photo voltaic cells (6) are
preferably either of the type of the so called semi-
transparent single junction, semi-transparent tan-
dem junction or triple junction.

10. The roof construction of claim 1, wherein the thin film
of solar cell material being the active layer (7) com-
prises a layer of either of CIGS material, CIS material
or Perovskite material.

11. The roof construction of claim 1, wherein the panel
(3, 3’) comprises encapsulation material (19) around
the circumferential edge (11) of the panel and where-
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in the first and second layers (4, 5) of glass comprises
a ceramic layer (21) on the lower side of each of said
layers (4, 5).

12. The roof construction of claim 5, wherein a first se-
quence (13) of in series connected photo voltaic cells
in the first semi-transparent area has photo voltaic
cells having a first square area (24) which is smaller
than a second square area (25) of the photo voltaic
cells in the second opaque area (9), and wherein the
boundary between the first semi-transparent area (8)
and opaque second area (9) is created by a se-
quence of laser engraved lines (12) between photo
voltaic cells having a first square area (24) and photo
voltaic cells having a larger second square area (25).

13. The roof construction of claim 5, wherein the bound-
ary between the first semi-transparent area (8) and
opaque second area (9) is created by sequences
(13, 14) of in series and in parallel connected photo
voltaic cells that gradually grow in steps from the first
square area (24) to the second square area (25).

14. The roof construction of claim 2, wherein the semi
transparency of the photo voltaic cells in the first area
(8) is created by laser engraving of holes (26) into
the active layer (7) of the photo voltaic cells such that
visible light can travel through the engraved holes.

15. The roof construction of any of the previous claims,
wherein at least one panel (3) is movable so as to
form an open roof construction.
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