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Flat panel display (2) comprises a multi-
plicity of LED’s (12) arranged in rows (16) and
columns (14). First bus conductors (32) extend
parallel to the rows and each of the LED’s is con-
nected to one of the first bus conductors. Second
bus conductors (34) extend parallel to the co-
lumns and each LED is connected to one of the
second bus conductors. The bus conductors are
on the opposite surfaces (28), (30) of a film (26)
and the LED’s extend through openings (40) in’
the film. Contact with the LED’s is achieved by
tap conductors (42), (46) which extend from the
bus conductors. A rigid grating (52) is mounted
against the film and has open cells (58). Each
LED extends into one of the cells and the inter-
nal surfaces of the cells reflect the light of the -
LED?s. '
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DESCRIPTION

LIGHT EMITTING DIODE PANEL DISPLAY

Technical Field of the Invention:

This invention relates to display devices of the type
comprising a multiplicity of IED's (1ight emitting dlodes) mounted
in side-by-side coplanar relationship and including first and
second bus conductors which are in electrical contact with the LED's.
The LED's are energized by driver circuits to cause selective
LED's to emit light and display information on the panel.

Background of the Invention:

One common method used in the electronices industry to manufacture
LED display devices is to provide first and second bus conductors
on a ceramic substrate with the first bus conductors extending
normally of the second bus conductors. The LED's are mounted on the
ceramic substrate with each LED located between, or adjacent to, two
parallel first bus conductors and adjacent to, or between, two
parallel.second bus conductors. The bus conductors are connected to
the LED's by extremely fine wires which are bonded to the bus con-
ductors and to the LED's. The bus conductors are commected to sult-
sble driver circuits which supply the signals for energizing the IED's.

The presently known manufacturing methods, such as the one
described above for producing panel displays, result in relatively
high production costs, since the conductors must be provided on a
ceramic substrate, the LED's must be bonded or otherwise secured to
the substrate in some way, ard numerous wire bonding operations must
be carried out to connect each ILED to one of the first bus conductors
and to one of the second bus conductors. The present invention is,
in accordance with one aspect thereof, directed to the achlevement -
of an IED panel which can be produced at lower cost than is possible
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by presently known manufacturing methods.
, In accordance with a further aspect of the invention, a light
collimating means is provided for each LED in a panel. An individual
LED produces only a minor amount of illumination and the light
emitted is radiated in all directions from an energized IED. The
viewer positioned in front of an IED panel, therefore, sees only a
portion of the relatively minor amount of illumination produced by
an individual IED. Furthermore, when information is displayed, an
individual IED may be energized for only an extremely short time
interval, a fact which further limits the usefulness of ILED display
panels. A light collimating means in accordance with the present
invention has the effect of focusing the light emanating from
individual IED's directly towards the viewer, and enhancing the
clarity of the display.
Brief description of the Inventicn:

In accordance with the present invention, a flat panel display
device is manufactured by providing a thin flexible insulating film
with the first and secord bus conductors on the oppositely facing
surfaces thereof. The first bus conductors extend parallel to each
other and are arranged in rows while the second bus conductors are '
arranged in parallel colums which extend normally of the rows. LED
receiving openings are provided between adjacent rows and between
adjacent colums. First and second tap conductors extend from the
first and second bus conductors to each of the openings, the tap
conductors being located on the first surface of the film.

Prior to assembly of the IED's to the film, a grating having
cells therein arranged in accordance with the grid pattern of the
display is placed against the second surface and secured to the
second surface. The individual LED's are then inserted into the
openings from the first surface of the film so that portions of each
IED are surrounded by the sidewalls of a cell. When the LED's are
inserted, portions of the film are flexed in the direction of
ihsertion and the tap conductors are thereby brought into contact
with the LED's The grating serves physically to support the film
and the sidewalls of the cells function as reflecting surfaces for
the ILED's when they are energized.
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Description of the Drawing Figures:

FIGURE 1 is a semi-diagrammatic perspective view of a display
assembly in accordance with the invention. .

FIGURE 2 1s a fragmentary perspective view on an enlarged scale
showing the grating exploded from the flexible circuit in which the
IED's are contained.

FIGURE 3 is a fragmentary perspective view of a portion of the
flexible circuit with the conductors exploded from the surfaces of
the film.

FIGURE 4 is a fragmentary perspective view of a portion of the
flexible circuit illustrating the manner in which the LED's are
assembled to the LED sites; the grating is cmitted from this view in
the interest of clarity.

FIGURE 5 is a view taken along the lines 5-5 of Figure 4 but
showing the grating spaced from the film.

FIGURE 6 is a view taken along the lines 6=6 of Figure 4 and
showing the grating positioned against the surface of the film; this
view also shows potting material in the cells of the grating and
encapsulating the LED.

FIGURE 7 is a view taken along the lines 7-7 of Figure 6.

FIGURE 8 is a fragmentary top plan view of a portion of the
assembly looking towards the exposed surface of the grating.

FIGURES 9 and 10 are perspective views of an IED.

FIGURE 11 is a view of a display assembly and a circuit board

'having conductors on its surface which are commected to the access

conductors on the display assembly.
FIGURE 12 is a view similar to Figure 11 but showing the pasts
exploded from each other.
Best Mode of Practice of the Invention:

Referring first to Figures 9 and 10, a light emitting dlode 12
comprises a rectangular block having oppositely facing anode and
cathode surfaces 9, 11 respectively and laterally facing surfaces
13, 15. The cathode surface 9 is entirely metallized as indicated,
while the anode surface 11 has a portion of its surface metallized
so that 1t can be distinguished from the cathode surface.

The standard thickness of an IED is 0.2 mm, and the length
along the edges of the surfaces 13, 15 is 0.3 mm.

When a voltage is applied across the surfaces 9, 11, light is
produced in a plane indicated at 17, which is adjacent to and which
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extends parallel to, the anode surface 11. The light is transmitted
in all directions from this plane 17 and radiates from the LED
through the surfaces 13, 15 and from those portions of the surface 11
which are not metallized . For maximum brightness, 1t is desirable

5 to mount LED's in an orientation such that the surfaces 13 or 15 are
in front. of the viewer rather than the surface 11. As will be
explained below, an LED display assembly in accordance with the
present invention, supports the IED's such that the side surfaces 13,15
are directed towards the viewer and are in the direct line of sight

10" of the viewer.

Referring now to Figures 1-4, an LED display assembly 2 in
accordance with the invention, may be generally rectangular having
parallel sides 4, 6, and parallel ends 8, 10. A multipliclty of IED's
12 are contained in the assembly and are located in accordance with a

15 grid pattern so that the LED's are arranged in colums 14 which extend
between the ends 8, 10 and parallel spaced-apart rows 16 which extend
between the sides L, 6. The individual IED's are selectively energized
by access conductors 18, 22 on projecting portions 20, 24 of a sub-
strate film which is described below. The assembly 2 comprising the

20 film 26 having the IED's 12 mounted therein and a grating 52 against
which the film is mounted so that the individual IED's have portions
thereof disposed in the cells 58 of the grating.

The film 26 is preferably of a somewhat flexible insulating
material, such as polyimide, (Kapton), having a thickness of about

25 0.05 mm. Film 26 has a first surface 28 which is directed dowrmardly
in Figure 3 and an upwardly directed second surface 30 and has first
and secord bus conductors 32, 34 on the surfaces 28, 30 respectively.
These conductors can be provided on the surfaces of the film by
conventional, known processes, such as a selective etching of a

30 film-metal laminate. The conductors 32, 34 are preferably of copper
and have a thickness of about 0.013 mm. The conductors may be
produced on the film by sensitizing the surfaces of the film to the
reception of copper deposited bjz an electroless process, depositing
an extremely thin coating of electroless copper over the surfaces,
and then building up the thickness of the copper by electrolytic
deposition. Photo~lithographic and etching processes are employed
to produce the conductor traces required and remvé the urwanted
copper. For improved contact with the LED's, a_Tinal thin coating
of gold or tin may be applied to.the conductors.
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The individual IED-receiving sites 36 in the film 26 each
comprise a pair of spaced-apart openings 40 in the film and a slit 38
extending between the openings. The openings and the slit thus
define tongues or flaps 39, 41 which extend towards each other and
which can be flexed upwardly as viewed in Figures 3 and 4 when an LED
is inserted into an LED site as will be described below.

The first bus conductors 32 on surface 28 of film 26 merge with
the access conductors 18 on the extension 20 of the film and these
first bus conductors extend between the ends 8, 10 of the assembly
with one bus conductor 32 located between adjacent colums of the
IED sites 36. The second bus conductors 34 on the second surface 30
of the film merge with the access conductors 22 and extend between
the sides U4 and 6 of the assembly 2 with one conductor 34 located
between adjacent rows of LED-receiving sites 36. It will thus be
apparent that each IED-receiving site 36 has associated therewlth a
crossing point of one of the first bus conductors and one of the
second bus conductors. The individual LED's are electrically
connected to the first and second bus conductors of the assoclated
crossing point in a manner which will now be described.

As shown in Figure 3, each of the first bus conductors 32 has
a plurality of integral tap conductors 42 extending laterally there-
from towards the individual LED receiving sites 36. These tap
conductors conform generally in shape to the tongues 39 and extend
to the slit 38 of the site. The second bus conductors 3l are
provided with second tap conductors 46 on the downwardly facihg first
surface 28 of the film and which extend across the tongues 41 at the
sites 36. The second tap conductors U46 extend through the film 26 to
the second bus conductors 34 as shown by the exploded sections 48,
Figure 3, of via conductors. As also shown in Figure 3, the access
conductors 22 are on the dowrwardly facing surface of the film and
these access conductors 22 are comnected to the second bus
conductors 34 by via conductors 48 adjacent to the side 6 of the
assembly. In other words, the tap conductors 46, on the left in
Figure 3, and the access conductors 22 are connected to the second
bus conductors by single via conductors 48. The portions of the tap
conductors 42 and 46, which are immediately adjacent to the slits 30,
serve as contact areas 44, 50 (Figure 6) in that they are disposed
against, and in electrical contact with, the IED's.

WIPO
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The IED's are electrically connected to the tap conductors at
the individual LED sites by locating the LED's, as dlagrammatically
shown in Figure 5, adjacent to the surface 28 and with the LED's '
oriented such that the anode and cathode sides 9, 11 disposed in

5 planes parallel to the slit 38 of the ILED site. The IED is then
moved relatively towards and past the surface 28 of the film and into
the LED site with accompanying flexure of the tongues 39, 41 upwardly
as viewed in Figures 4 and 5, so that the contact areas 44, 50 of the
tap conductors are against the anode and cathode surfaces of the LED.

10. Stable and reliable electrical contact is maintained by the contact °
surfaces and the IED's by virtue of the fact that each LED is
force-fitted into its LED-receiving site and the contact surfaces are
maintained against the IED's by the flexed tongues 39, 41 of the film
which resiliently press the contact areas 44, 50 against the

15 surfaces 9, 11 of the LED.

The grating 52, in the finished display assembly, is disposed
against the second surface 30 of the film 26 and has its lower
surface 66 bonded by an adhesive 65 to the film. This grating
comprises first grating bars 54 which extend parallel to,and are in

20 aligrment with, the first conductors 32. Second grating bars 56
extend parallel to, and are in aligmnment with, the second bus
conductors 34. The grating bars 54, 56 thus define a multiplicity
of individual cells 58 which extend through the grating from the
surface 62 to the dowrwardly facing surface 66 and which surround the

25 individual IED's 12.

Grating 52 may be of any fairly rigid material and should be
non-conducting on its lower surface. " A firm plastic material can be
used or the grating may be of metal and the individual cells produced
by selective etching of the surfaces 62, 66. When the grating is of

30 metal, the surface 66 can be coated with epoxy which serves the dual
function of insulating this surface and bonding the grating to the
surface 30 of the film 26. As shown by the cross-sectional views,
the individual cells are generally square at the upper surface 62
but fair to a somewhat parabolic internal surface which extends to a

35 constricted neck portion which is proximate to the lower surface 66.
The lower portions of the cells have a cross-sectional area which is
somewhat less than the upper portions and the openings in the lower
surface 66 are somewhat smaller .than the openings 60 on the upper
surface 62. The internal sidewalls of the cells can be given this
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shape by control of the etching process in which the cells are
produced. The grating is exposed to the etchant on its upper surface
62 for a greater time than for its lower surface 66, so that the
etchant will remove more material from the upper surface and produce
the hour-glass shape shown. The size of the openings 64 on the lower
surface can also be controlled by masking during the mamufacture of
the grating.

The manufacture of a display assembly 2 will be apparent from
the drawing figures. After the flexible circuit 26 has been prepared
by forming the openings 40 and slits 38 at the LED-receiving sites
and forming the conductors 32, 34 on the surface 28, 30, the grating
52 is bonded by adjesive 65 to the surface 30 with a site 36 in
alignment with each of the cells 58 in the grating. The grating
serves to support the film and mechanically to isolate each of the
IED-receiving sites from its neighbors for reasons which will become
apparent.

The LED's are then oriented so that their anode and cathode
sides are as shown in Figure 4, and they are inserted past the
surface 28 of the film into the LED-receiving sites. During
insertion, the tongues 39, 41 of the film and the contact portions
4hy, 50 of the tap conductors will be flexed wpwardly as viewed in
Figure 6. After completion of the insertion operation, the contact
portions will thus be in contact with the IED's and the upper
portion of each LED will be contained in the upper portion of the
cell. The generally parabolic surfaces of the cells thus serve to
reflect light from the LED and direct it past the surface 62 of the
grating towards the viewer. The physical isolation of the
individual IED's in the cells results in a focusing effect which in
turn results in improved sharpness and enhances the brilliance of

-the display.

The grating, in effect, functions as a fixture during an
assembly of LED's to the film in that the flexible, relatively
fragile film is accurately positioned against the surface of the
dimensionally accurate and precise grating so that the sites 36 are
precisely located. The IED's can be assembled to the film and
grating by a suitable "pick and place" apparatus having means for
orienting and inserting LED's into the film. In the finished
assembly, the grating also serves the mechanical finection of
supporting the film and protecting the LED's.
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While the sub-assembly camprising the grating 52, the flexible
film 26, and the LED's is relatively strong and robust, it is often
desirable to pot the individual IED's with a potting compourd such
as epoxy, as shown at 69 in Figure 6. The potting material further

5 strengthens the assembly and prevents loss of IED's during abusive
handling. An added advantage of the use of the potting material is
that the transfer of heat from the IED's 1s facilitated in that more
heat will be removed per unit of time through the potting material
than can be removed through air.

10 Tt has been found that a display device in accordance with the
invention can be conveniently produced oﬁ an 0.76 mm grid using LED's
having the dimensions noted above, that is, having a thickness
of 0.2 mn along their edges. This 0.76 mm grid will produce a display
having 33 lines per 25.4 millimeters, a standard which produces good

15 resolution.

The grating 52, advantageously, has a thickness which is sub-
stantially equal to the length of the individual IED's along their
edges, that is 0.3 mm. When the IED's and the flexible circuit are
assembled to the grating, as shown in Figure 6, the surfaces 13 of

20 the IED's will be close to, but recessed from, the surface 62 by a
distance of about 0.05 mm to 0.10 mm. This feature is advantageous.
in that, while the chip is completely surrounded and protected by
the grating, the surface of the chip is nonetheless immediately
adjacent to the surface of the grating.

25 The sub-assembly described above can be comnected to drive
cireuits and a power supply by any suitable packaging arrangement.
Figures 11 and 12 show a packaging arrangement in which the access
conductors 18, 22 are éonnected to conductors 72 on the upper
surface T4 of a printed circult board 70 by compressible elastomeric

30 comnectors 68, which may be of the type described in U. S. patent
3,985,413 and which comprises a cylindrical section of elastomeric
material having a film 69 extending around its surface. Spaced
apart narrow conductive bands are provided on this film 69 and serve
as conducting paths between the access conductors and the con-

35 ductors 72 on circuit board 70. In the embodiment shown in Figure 11,
the access conductors extend in both directions from the display

as shown at 20 and 20'; in other words, the extensions of the film,
as shown at 20 and 22 in Figure 1, are provided at both ends and
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both sides of the array. This arrangement is advantageous in that
redundant circuit pattern are provided for the bus conductors and if
the amperage is relatively high, power can be supplied from two
directions into the array. It will also be noted that the surrounding

5 frame 80 of the grating is somewhat enlarged in Figure 11, so that it
extends over the portions 20, 20' of the film.

In the embodiment shown in Figures 11 and 12, the conductors on
the upper surface 74 of circult board 70 extend to terminals 84 to
which they are soldered. Terminals 84, in turmn, extend through circuit

10- board 70 and are contained in comectors 76 on the dowrwardly facing
surface 78 of circult board 70. The connectors 76 are mated with
additional circuit boards 81 upon which the driver circuits are
mounted. It will be apparent that other arrangements might be employed
to transmit the driving signals to the array; for example, the driver

15 = circuits can be remote from the array and the signals transmitted by
cables extending to the connectors T76.
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CLATMS

1. A flat panel display device (2) of the type comprising a
mdtiplicity of IED's (12) and first (32) and second (34) bus
conductors, said LED's being arranged in parallel side-by-side

5  rows (16) and parallel side-by-side colums (14), sald colums

" extending nommally of saild rows, said colums and said rows
defining a grid pattern, said first bus conductors extending
parallel to said rows with one first bus conductor adjacent to
each row, said second bus conductors extending parallel to said

10 colums with one second bus conductor adjacent to each of said

colums, each of said LED's being electrically connected to one

of said first bus conductors and to one of said second bus conductors
at a crossing point of said bus conductors, said display device

being characterized in that:

15 said first and second bus conductors are on the
oppositely facing first (28) and second (30) surfaces
of a flexible insulating film (26), said film having
openings (40) therein which are located on sald grid
pattern, saild openings being between adjacent first bus

20 conductors and between adjacent second bus conductors,

each of said LED's being in one of said openings
and being electrically contacted by one of said first
bus conductors and one of .said second bus conductors.

2. A flat panel display device as set forth in claim 1,

25 each of said IED's being connected to one of said first bus
corductors and one of said second bus conductors by first (42) and
second (46) tap conductors, each of said first and second tap
conductors extending laterally from said one first (32) and said
one secord (34) bus conductor respectively, at a location adjacent

30 to said crossing point of said one first and sald one second
bus conductor. ' '
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3. A flat panel display device as set forth in claim 2, each
of said second tap conductors (46) having a via.conductor (48)
extending threugh sald film from said second surface (30) to said
first surface (28), each of sald tap conductors having a contact
5 terminal portion (44 and 50) on said first surface, sald terminal
portions being immediately adjacent to said openings.

4, A display device as set forth in claim 3, said IED's being
inserted into said openings from said first surface (28) and
extending past said second surface (30), portions of said film

10 adjacent to said openings being flexed laterally and extending past
said second surface, said terminal portions of saild tap conductors
being against, and in electrical contact with, said LED's.

5. A display device as set forth in claim 4 having a
non-conducting grating .(52) associated therewith, said grating
15 being against said second surface and having grating bars (54, 56)
which extend parallel to, and are in aligmment with, sald first and
second bus conductors, said grating having colums and rows of open
cells (58) conforming to said grid system, said LED's. having
portions thereof in said cells.

20 6. A flat panel display device (2) of the type comprising a
miltiplicity of IED's (12) and first (32) and second (34) bus
conductors, said IED's being arranged in parallel side-~by-side
rows (16) and parallel side-by-side colums (14), said colums
extending normally of said rows, said colums and sald rows

25 defining a grid pattern, said first bus conductors extending
parallel to said rows with one first bus conductor adjacent to
each row, said second bus conductors extending parallel to said
colums with one second bus conductor adjacent to each of saild
colums, each of said LED's being electrically connected to one

30 of said first bus conductors and to one of said secord bus conductors
at a crossing point of said bus conductors, sald display device
being characterized in that:
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said first and second bus conductors are on the
oppositely facing first (28) and second (30) surfaces
of a flexible insulating film (26), said film having
openings (40) therein which are located on said grid
pattern, said openings being between adjacent first bus
conductors and between adjacent second bus conductors,
said IED's being in said openings,

a non-conducting rigid grating (52) disposed against
said second surface, said grating having grating
bars (54, 56) which extend parallel to, and are in
aligmment with, saild: first and second bus conductors,
said grating having rows and colums of open cells (58)
conforming to said grid system, said LED's extending into
said open cells,

said grating being in supporting relationship to
said film.

7. A display device as set forth in claim 6, said grating being
bonded (65) to said second surface of said film.

8. A display device as set forth in claim 7, each of said cells
having internal sidewalls, said sidewalls surrounding, and serving
as reflecting surfaces for, said LED's.

9. A display device as set forth in claim 8, said internal
sidewalls forming a substantially parabolic reflecting surface.

10. A flat panel display device as set forth in claim 6, each
of said LED's being connected to one of sald first bus conductors
and one of said second bus conductors by first (42) and second (46)
tap conductors, each of said first and second tap conductors
extending laterally from said one first and said one second bus
conductor respectively, at a location adjacent to said crossing
point of said one first and said one second bus conductor.
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11. A flat panel display device as set forth in claim 10,
each of said second tap conductors having a via conductor (48)
extending through sald film from said second surface to said first
surface, each of said tap conductors having a termiral portion (44,50)
on said first surface, said-terminal portions being immedlately
adjacent to said openings.

12. " A display device as set forth in claim 11, said IED's

' being inserted into said openings from saild first surface (28) and

extending past said second surface (30), portions of said film
adjacent to said openings being flexed laterally and extending past
said second surface, said terminal portions of saild tap conductors

being against, and in electrical contact with, said IED's.

13. A flexible circult which is intended to receive, and
establish electrical contact with, a multiplicity of solid state
devices such as IED's (12), said flexible circuit comprising:

' a flexible insulating film (26) having oppositely
facing first (28) and second (30) surfaces, a multi-
plicity of device-receiving openings (40) in said film,
said openings being arranged in colums and rows, said
rows extending normally of said colums, said openings
defining a grid system,

a multiplicity of first (32) and second (34) bus
conductors on said first and second surfaces respectively,
said first bus conductors extending parallel to said
rows with one first bus conductor between adjacent rows
of openings, said second bus conductors extending parallel
to said colums with one second bus conductor between
adjacent columns,

first (U2) and second (46) tap conductors assoclated
with each of said openings, each first tap conductor
extending from an adjacent first bus conductor towards
the associated one of said openings, each second tap
conductor extending from an adjacent second bus conductor
through (48), said film to said first surface and




WO 80/01860

10

15

PCT/US80/00204

14

towards sald associated one of said openings, each of

said first and second tap eonductors having terminal

portions which are immediately proximate to the saild

associated one of sald openings,

each of said openings being dimensioned to

receive one of said devices with accompanying flexure

of portions of said film in the direction of insertion

of the device whereby,
upon insertion of said devices into said openings from said first
surface until sald devices extend partially through sald openings,
portions of said film having said terminal portions of said tap
conductors thereon will be flexed in the direction of insertion
and said terminal portions will be against, and in electrical
contact with, said devices.
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AMENDED CLAIMS
(received by the International Bureau on 3 July 1980 (03.07.80))

1. A flat panel display device (2) of the type compris-
ing a multiplicity of LED's (12) and first (32) and second
(34) bus conductors, said LED's being arranged in parallel
side-by-side rows (16) and parallel side-by-side columns
(14), said columns (14) extending normally of said rows
(16), said columns (14) and said rows (16) defining a grid
pattern, said first bus conductors (32) extending parallel
to said rows (16) with one first bus conductor adjacent to
each row, said second bus conductors (34) extending parallel
to said columns (14) with one second bus conductor adjacent
to each of said columns, each of said LED's (12) being el-
ectrically connected to one of said first bus conductors
(32) and to one of said second bus conductors (34) at a
crossing point of said bus conductors, said display device
(2) being characterized in that:

said first (32) and second (34) conductors
are on the oppositely facing first (28) and second
(30) surfaces of a flexible insulating film (26),
said film having openings (40) therein which are
located on said grid pattern, said openings (40)
being between adjacent first bus conductors (32)
and between adjacent second bus conductors (34),-

each of said LED's (12) being inserted into
one of said openings (40),

each of said LED's (12) being connected to
one of said first bus conductors (32) and one of
said second bus conductors (34) by first (42) and
second (46) tap conductors, each of said first
(42) and second (46) tap conductors extending
laterally from said one first (32) and said ome
second (34) bus conductor respectively at a
location adjacent to said crossing point of said
one first (32) and said one second (34) bus con-
ductor, each of said second tap conductors (46)
having a via conductor (48) extending through said

film (26) from said second surface (30) to said

-
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first surface (28), each of said tap conductors
(42, 46) having a terminal (44, 50) on said first
surface (28), said terminal portions being imme—
diately adjacent to said openings (40).

2. A display device as set forth in claim 1, said LED's
(12) being inserted into said openings (40) from said first
surface (28) and extending past said second surface (30),
portions of said f£ilm (26) adjacent to said openings (40)
being flexed laterally and extending past said second sur-
face (30), said terminal portions (44, 50) of said tap con-
ductors (42, 46) being against, and in electrical contact

. with, said LED's (12).

3. A display device as set forth in claim 4 having a
non-conducting grating (52) associated therewith, said
grating being against said second surface (30) and having
grating bars (54, 56) which extend parallel to, and are in
alignment with, said first (32) and second (34) bus conduc-
tors, said grating having columns and rows of open cells
(58) conforming to said grid system, said LED's (12) having
portions thereof in said cells.

4. (As amended) A flat panel display device (2) of the
type comprising a multiplicity of LED's (12) and first (32)
and second (34) bus conductors, said LED's (12) being arr-
anged in parallel side-by-side rows (16) and parallel side--
by-side columns (14), said columns (14) extending normally
of said rows (16), said columns and said rows defining a
grid pattern, said first bus conductors (32) - extending par-
allel to said rows (16) with one first bus conductor adja-
cent to each row, said second bus conductors (34) extending
parallel to said columns (14) with one second bus conductor
adjacent to each of said columns, each of said LED's (12)
being electrically connected to one of said first bus con
ductors (32) and to one of said second bus (34) conductors
at a crossing point of said bus conductors,said display de-
vice (2) being’ characterized in that: _

' said first (32) and second (34) bus conduc-—
tors are on the oppositely facing first (28) and
second (30) surfaces of a flexible insulating film
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(26), said film hé%ing openings (40) therein which
are located on said grid pattern, said openings
(40) being between adjacent first bus conductors
(32) and between adjacent second bus conductors
(34), said LED's (12) being inserted into said op-
enings,

a non-conducting rigid grating (52) disposed
against said second surface (30), said grating
having grating bars (54, 56) which extend parallel
to, and are in alignment with, said first (32) and
second (34) bus conductors, said grating (52)
having rows and columns of open cells (58) conform-
ing to said grid system, said LED's (12) extending
into said open cells,

said grating (52) being in supporting rela-
tionship to, and being bonded to, said film (26).

5. A display device (2) as set forth in claim 4, said
grating (52) being bonded to said second surface (30) of
said film (26).

6. A display device (2) as set forth in claim 5, each
of said cells (58) having internal sidewalls, said sidewalls
surrounding and serving as reflecting surfaces for, said
LED's.

7. A display device (2) as set forth in claim 6, said
internal sidewalls forming a substantially parabolic reflect-
ing surface.

8. A flat panel display device (2) as set forth in
claim 4, each of said LED's (12) being connected to one of
said first bus conductors (32) and one of said second bus
conductors (34) by first (42) and second (46) tap conduct-
ors, each of said first and second tap conductors extending
laterally from said one first (32) and said one second (34)
bus conductor respectively, at a location adjacent to said
crossing point of said one first and said one second bus con-
ductor.

9. A flat panel display device (2) as set forth in

claim 8, each of said second tap conductors (46) having a
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via conductor (48) extending through said f£ilm (26) from
said second surface (30) to said first surface (28), each

of said tap conductors (42, 46) having a terminal portion
(44, 50) on said first surface (28), said terminal portioms
being immediately adjacent to said openings (40).

10. A display device as set forth in claim 9, said
LED's (12) being inserted into said openings (40)from said
first surface (28) and extending past said second surface
(30), portions of said film adjacent to said openings being
flexed laterally and extending past said second surface,
said terminal portioms (44, 50) of said tap conductors (42,
46) being against, and in electrical contact with, said
LED's (12).

11. A flexible circuit which is intended to receive,
and establish electrical contact with, a multiplicity of
solid state devices such as LED's (12), said flexible cir-
cuit comprising:

a flexible insulating film (26) having opp-
ositely facing first (28) and second (30) sur-
faces, a multiplicity of device-receiving openings
(40) in said film, said openings being arranged in
columns and rows, said rows extending normally of
said columns, said openings (40) defining a grid
system,

a multiplicity of first (32) and second (34)
bus conductors on said first (28) and second (30)
surfaces respectively, said first bus conductors
extending parallel to said rows with one first bus
conductors between adjacent rows of openings, and
second bus conductor extending parallel to said
columns with one second bus conductor between ad-
jacent columns,

first (42) and second (46) tap conductors
associated with each of said openings (40), each
first tap conductor (42) extending from an adja-
cent first bus conductor (32) towards the assoc-
iated one of said openings (40), each second tap
conductor (46) extending from an adjacent second

bus conductor (34) through said film (26) to said
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first surface (28) and towards said associated one
of said openings (40), each of said first (42) and
second (46) tap conductors having terminal port-
tions (44, 50) which are immediately proximate to
the said associated one of said openings (40),
each of said openings (40) being dimensioned
to receive one of said devices (12) with accompany-
ing flexure of portions of said film (26) in the
direction of insertion of the device (12) whereby,
upon insertion of said devices (12) into said openings (40)
from said first surface (28) until said devices extend par-
tially through said openings (40), portions of said film
(26) having said terminal portions (44, 50) of said tap con-
ductors (42, 46) thereon will be flexed in the direction of
insertion and said terminal portions (44, 50) will be

against, and in electrical contact with, said devices (12).
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