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FIG. 1

(57) Abstract: A composite focal plane assembly with an expandable architecture has a multi— layer, double- sided aluminum ni-
tride (AIN) substrate and vertical architecture to achieve the dual function of focal plane and electronics backplane. Imaging dice
and other electrical components are mounted and wire bonded to one surtace and then direct backplane connectivity is provided
on the opposing surface through a matrix of electrical contacts. In one embodiment, a flexible connector is sandwiched between
the AIN focal plane and a FR-4 backplane is used Io compensate for differences in coefficient of thermal expansion (CTE) be-
tween the AIN and commercially available high density circuit card connectors that are commonly manufactured from materials
with CTE properties more closely approximating FR-4. In an alternate embodiment, the FR-4 and flexible connectors are eliminat-
ed by using high density circuit card connectors that are fabricated out of materials more closely matching the CTE of AIN.
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HIGH DENSITY COMPOSITE FOCAL PLANE ARRAY

FEDERALLY SPONSORED RESEARCH

[0001] The present invention was made with United States Government
support under Contract No. FA8650-07-C-7732. The United States Government has
certain rights in the present invention.

I. Technical Field

[06002] The present invention relates to a very large format imaging focal
plane array with an expandable architecture that can be used to make a gigapixel
camera. More particularly, the invention relates to an apparatus that consolidates the
functions of a large scale Focal Plane , signal distribution subsirate, heat sink and
motherboard into a single planar assembly having a vertical architecture wherein the
signal leads from hundreds of active, video and passive compoenents mounted on the top
surface of the focal plane are routed through a multi layer, thermally conductive, flat
and stiff circuit card substrate to the back surface where the signal lines are formed into
a matrix of electrical contacts that can be connected directly or nearly directly to a
group of connectors serving as a backplane interface to a set of processing electronics
circuit cards.

2. Description of Related Art

{0003] Imaging dice are commonly mounted singularly into a device carrier
package or sometimes in small groups onto a common subsirate. Electrical die
connections are then wire bonded to contacts either within the chip carrier or down to
the substrate where they are typically routed to the sides of the focal plane assembly

away from the active centers of the die to sites along periphery where additional
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connections can be made to external circuitry. The extemal eircuits are commonly
connected using either flex or wired cables.

[0004] However, when the size of the imaging plane board is limited, and a
large number of imaging die are required, the prior art construction is pushed beyond
its limits in terms of size and the number of connections which is achievable by making
connections at the perimeter of the imaging plane board.

[0005] Itis therefore desirable to provide an optically flat imaging plane
board having a small perimeter in proportion to the number of imaging dies placed
upor the board.

[0006] Itis likewise desirable that a large scale focal plane handling tens or
hundreds of power consuming dice be thermally conductive in order to dissipate the
significant amounts of heat being generated by the devices under power.

SUMMARY

[0007] In accordance with one preferred embodiment of the invention, an
aluminum nitride {AIN) board is used in a composite focal plane array. The aluminum
nitride board can be fabricated into a multi-layer, two sided circuit card assembly, can
be post polished to optically flat tolerances, is structurally stiff and is highly thermally
conductive which enables it to dissipate large amounts of heat. Also, the coefficient of
thermal expansion of the AIN closely matches that of imaging dice which are
constructed out of silicon wafers. However, the aluminum nitride board has
substantially lower coefficient of thermal expansion (CTE) than conventional FR-4 and
similar fiber glass materials used most commonly for commercial circuit card
construction. Additionally, manufacturers of high density backplane connectors
typically fabricate their products out of Liguid Crystal Polymer (LCP) or similar

materials to more closely match the CTE of the FR-4 and other like materials. In this
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embodiment of the invention, a flexible connector array is connected between the
imaging plane board back surface and the motherboard. The flexible connector allows
compensation for the difference in the coefficient of thermal expansion. The imaging
dies are connecled to vias {electrically conducting paths) in the imaging plane board by
wire bond connections. The configuration of the die wire bond connections to the vias
in the imaging plane board are around the perimeter of each imaging die. The imaging
plane board provides for distribution of signals and via paths through multiple layers of
the board, which provide for an array of connections on the backside of the board. A
land grid array (LGA) type connector or other flexible connector is then used to
connect the imaging plane board to a back plane motherboard. Use of an LGA type
connector provides a flexible connector between the FR-4 motherboard and the AIN
imaging plane board, which compensates for differences in thermal coefficient
expansion.

[0608] All features and advantages of the present invention will become
apparent in the following written detailed description and claims.

{00091 In a second embodiment of the invention 8, an aluminum nitride {AIN)
board is used in a composite focal plane array directly without any intermediary FR-4
back plane.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention and a preferred apparatus is shown not to scale.
However, the advantages of the invention and further objects thereof will best be
understood by the detailed description as well as the drawings.

[6011] Fig. 1 shows an assembly of the focal plane, the back plane, and the
connector of the invention. The drawing is not to scale and illustrates the construction

of the preferred embodiment.
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[0012] Fig. 2A shows a top view of the focal plane imaging plane board
where the imaging dies are mounted. The imaging dies are shown,

[0013] Fig. 2B shows a view of the back surface of the imaging plane board
with orderly rows of contact pads.

[0014] Fig. 3A shows a silicone carbide support structure which is used to
support connectors between the imaging plane board and the back plane motherboard.

[0015] Fig. 3B shows the connections on the back plane motherboard.

{0016] Fig. 3C shows a stiffening plate which reinforces the FR-4
motherboard and which supports the back plane connectors.

{0017] Fig. 4 shows a compression type connector, which connects the
contact pads of the focal plane board and the contacts of the motherboard.

[0018] Fig. 5 shows internal layer traces of the focal plane board connection,
which route vias between the top layer bond pads connecting the imaging die (o the
imaging plane board and the array of contacts on the imaging plane board back surface.

[0019] Fig 6 shows a composite focal plane array assembly.

[0020] Fig. 7 shows a complete focal plane assembly with the back plane
assembly in a camera.

[60211 Fig. 8 shows a second embodiment of the invention which combines

the functions of the focal plane board and the mother board.

DETAILED DESCRIPTION OF EMBODIMENTS

[6022] Fig. 1 shows a cross-sectional view of a high-density composite focal
plane array with the integral back plane board and camera control modules. The

optically flat focal plane board 10 is preferably made of layers of aluminum nitride. A
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large number of imaging dies 14 are placed on the top 12 of the board 10. The number
of dies may be enough to comprise a gigapixel camera or a quadrant there-off as in this
embodiment. Connectors 16 are placed on the bottom side 18 of the focal plane board
10. The connectors 16 connect a back plane motherboard 20 to the focal plane board
10. On top of the entire assembly is a window 22 made of a material such as sapphire.
A silicone plate 24 is placed between the imaging plane board and the motherboard and
provides a space, which is used to secure the connectors 16. The connectors 16 are
sandwiched between the imaging plane board and the FR-4 motherboard 20. The
camera assembly, which utilizes the focal plane array and integral back plane array, is
also depicted in Fig. 1. SMT connectors 26 connect the motherboard to camera control
modules {processing electronics) 28, It should be noted that Fig. 1 is not to scale, and
that configurations of the preferred embodiment are shown in photographs, which are
Figs. 2-7. Fig. 1 shows the components of the assembly conceptually.

[0023] The connectors 16 provide for compensation for the difference
between the thermal expansion rate of the focal plane board 10 and the motherboard 20.
The connectors are preferably spring-loaded connectors of the type used for land grid
array chips. Typical LGA connectors provide a spring-loaded contact against pads.
Examples of suitable connectors for this invention include those shown in the United
States Patent Numbers 6,758,683;:6,583,527; and 6,695,624 and Publication Numbers
2006/0186906; 2003/0203664; and 2004/019208. Further, a connector which may be
used with this invention is depicted in Fig. 4. The connector 16 is produced by
SAMTEC and 1s identified as GLZ series. This is a solder-less interconnection type
connector. As used in this invention, an example of the connector 18 an array of
connections, which are 40 connections by 10 connections for a total of 400

connections, SAMTEC is located at 520 Park East Boulevard, New Albany, Indiana
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47130, The SAMTEC GFZ connectors are land grid array socket assemblies which
may also be used for connecting boards, or as test devices for testing chips. This
invention, however, is not limited to connectors as produced by SAMTEC. Any
connector, which provides for contacts which will provide for compensation for the
differences in thermal coefficient expansion between the imaging plane board and the
back plane motherboard is suitable for use with this invention.

[0024] The optically flat imaging plane board 10 is preferably an aluminum
nitride printed circuit board. The aluminum nitride board can provide an optically flat
imaging plane and when constructed with a plurality of layers provides vias (electrical
connections) through the thickness of the boards. As shown in Fig. 5, the vias 3 (white
lines) overlap each other by passing through layers of the board 10 to allow transition
from imaging plane layer bond patterns of the imaging die to an array which matches
the flexible connectors 16. The aluminum nitride board is currently available in a size
of 4.5" x 4.5". With this size board, it is not feasible to provide connections to a
motherboard by wire bond connections at the edges of the board 10. The practical
limitation is that if the pattern of the imaging die on the surface is square, than the
number if imaging die increases as the square of the number on a side. On the other
hand, the number of possible wire bond connections around the perimeter of the
imaging plane board only increases linearly. For this reason, if a construction with a
large number of dies is required, the number of wire bond connections to be made at an
edege of an imaging plane board quickly exceeds feasible limits on the size of the board.

[0025] Fig. 2A shows an array of 92 imaging die placed upon an imaging
plane board [0. In this figure, wire bonds 32 which connect the imaging dies 14 to the
imaging plane board 10 are showing. It can be easily seen that the large number of

required connections may exceed the space 1s available for wire bond connections
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around the perimeter of board 10. In this invention, the vias (see Fig. 5} allow
rearrangement of the pattern of the wire bond contacts 32 to an array pattern 34 shown
in Fig. 2B. Fig. 2B as noted above is the backside of the imaging plane board 10. The
array shown in Fig. 2B is, in this example, designed to match an array of a SAMTAC
GFC type connector. However, it should be noted that other connectors are suitable
with this invention, There may be approximately 5,000 wire bondable pads between the
imaging die and the imaging plane board. The bottom of the board 10 may have
approximately 1500 pressure contact pads for engaging connector 16. However, the
actual number can exceed 3000 allowing for a large number of imaging dies.

{06261 The connections 36 to the motherboard 20 are shown in Fig. 3B. The
connections 36 engage the connector 16 to provide contact between the motherboard
and the imaging plane board. Fig. 3A shows a frame, which holds connectors 38, and a
space 40, which receives connectors 16. Also shown in photograph Fig. 3A are the
contacts 34 on the back of imaging plane board 10. Fig. 3C shows a stiffening board
42, which is used to reinforce the FR-4 motherboard 20, This stiffener also supports
back plane connectors 36 as shown in Fig. 3B.

[0027] Fig. 6A shows a completed composite focal plane array assembly 50
and Fig. 6B shows an expanded view of the components of the assembly. The imaging
plane board 10, the imaging die 14 and the frame 38 previously discussed are shown. In
addition, there is shown a bezel 44, which provides separation between the imaging
plane board and a sapphire window 48, A support ring 46 is also provided in the
completed assembly.

[0028] Fig. 7 shows an overall layout of a camera assembly incorporating the
composite focal plane assembly 50 depicted in Fig. 6, a plurality of connectors 16, a

back plane motherboard 52 with contacts and camera boards 54.
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{0029] In the second embodiment (Fig. 8) the aluminum nitride board is
fabricated into a multi-layer two sided circuit card assembly, which is post polished to
optically flat tolerances, is structurally stiff and is highly thermally conductive which
enables it to dissipate large amounts of heat. Also, the coetficient of thermal expansion
of the AIN closely matches that of imaging dice which are constructed out of silicon
wafers. With the use of a backplane connector made from materials of similar CTE to
the AIN, including but not limited to AIN itself, a direct single layer apparatus is
achieved wherein the processing electronics are plugged directly into the AIN focal
plane / backplane, eliminating the need for the thermally compensating flexible
connector array between the imaging plane board back surface and the motherboard. In
this embodiment, the focal plane is the backplane with the imaging die mounted on one
surface and the processing clectronics plugged directly into connectors mounted on the
other surface.

[0030] Fig. 8 shows the second embodiment of the invention where the
aluminum nitride composite focal plane board 10 combines the functions of the focal
plane and the FR-4 mother board of the first embodiment (Fig. 1). In this case, the
coefficient of thermal expansion (CTE) of the aluminum nitride board 10 substantially
maiches the material of the back plane board connectors 60 and 62. This eliminates the
need for a thermally compensating connector 16 which is used in the first embodiment
(Fig. 1). In the first embodiment, the FR-4 CTE is not closely matched to the
aluminum nitride board.

[0031] While the application has been described in detail herein in accord
with certain preferred embodiments thereof, many modifications and changes therein

may be effected by those skilled in the art. Accordingly, it is intended by the appended
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claims to cover all such modifications and changes as fall within the true spirit and

scope of the invention.
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WHATIS CLAIMED 1S:

L. A high-density composite focal plane array with an integral back plane
comprising in combination:

an optically flat imaging plane board having vias through the thickness of the
board and having at least one array of contact on a back surface;

an array of imaging die on the optically flat imaging plane;

a back plane motherboard constructed of a material having a different
coefficient of thermal expansion than that of the imaging plane board; and

a flexible connector array between the imaging plane board back surface and the
motherboard.

2. The apparatus of claim 1 wherein the flexible connector array comprises
soderless flexible connectors between the imaging plane board back surface and the
motherboard.

3 The apparatus of claim | further comprising wire bond connections
connecting the imaging die to the vias of the imaging plane board.

4. The apparatus of claim 1 further comprising vias, which are constructed
in layers of the imaging plane board, wherein the vias provide a transition {rom wire
bond patterns on the imaging plane to a back surface array, which matches the flexible
connector array.

5. The apparatus of claim 1 further comprising an imaging plane board
having a coefficient thermal expansion, which is different from a coefficient thermal
expansion of the back plane motherboard.

6. The apparatus of claim 1 wherein the imaging board is an aluminum

nitrite board.
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7. The apparatus of claim | wherein the motherboard is an FR-4 board.

8. The apparatus of claim I wherein the number of vias is substantially
greater than the number of vias, which can be placed on a perimeter of the imaging
plane board.

9. A focal plane and back plane assembly comprising:
an aluminum nitrite printing board;

a pluratity of imaging dies mounted on the printed wiring board;

a plurality of signal lines routed through the printer wiring board;

at least one connector connected to the back of the printed wiring board
providing an electrical connection to the signal lines of the printed wiring board; and

a back plane motherboard having electrical connections to the connector.

10.  The apparatus of claim 9 wherein the plurality of imaging dies are
mounted on an image receiving plane of the aluminum nitrite printed wiring board and

the connector is mounted on the back opposite to the image receiving plane,

11.  The apparatus of claim 9 wherein the motherboard s a FR-4 material.
12, A high-density focal plane assembly having an integral back plane
comprising:

an aluminum nitride print wiring board having a plurality of imaging dies on a first
surface and signal lines (vias) routed through the board to a second surface of the
board.

a back plane motherboard having electrical contacts;

a connector sandwiched between the printed wiring board and the motherboard
wherein the connector connects the signal lines of the aluminum nitride printed wiring
board to the motherboard electrical contacts.

13. A camera comprising:

I
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a focal plane and back plane assembly further comprising:
an aluminom nitride wiring board having an imaging plane and a back surface;
an array of video die mounted on the wiring board imaging plane;
a vertical architecture having vias connecting the imaging plane to the back
surface;
a back plane motherboard having electrical contacts; and
a connector mounted between the back of the wiring board and the
motherboard.
14.  The apparatus of claim 13 further comprising a connector having an
array of floating pin contacts.
15. The apparatus of claim 13 wherein the connector is a flexible connector.
16.  The apparatus of claim 13 wherein the aluminum nitride wiring board is
an optically flat imaging plane.
17.  The apparatus of claim 13 wherein the aluminum nitride wiring board
provides a heat conductive path for removing heat from the imaging die.
18.  The apparatus of claim 13 wherein the plurality of video die provide a
gigapixel imaging array.
19.  The apparatus of claim 13 further comprising aluminam nitride board
having a coefficient of thermal expansion, which is substantially different from a
coefficient expansion of the motherboard.
20.  The apparatus of claim 19 wherein the coefficient of thermal expansion
of aluminum nitride is lower than the coefficient of thermal expansion of the

motherboard.

b3
Ay

A focal plane and back plane assembly comprising:

a plurality of imaging dies mounted on an aluminum nitride wiring board;

12
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a flexible connector;

the apparatus having a vertical architecture combining a focal plane array; and
the back plane into a single device including the flexible connecter between the wiring
board and the back plane.

22. A high-density composite focal plane array with an integral back plane
comprising in combination:

an optically flat imaging plane board having vias through the thickness of the
board and having at least one array of contact on a back surface;

an array of imaging die on the optically flat imaging plane;

a back plane motherboard constructed of a material having a coefficient of
thermal expansion substantially matching that of the tmaging plane board; and

a connector array between the imaging plane board back surface and the

motherboard.
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