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(57) Abstract: Embodiments of a system to maintain an even temperature distribution across a laser detector are generally de-
scribed herein. In some embodiments, the system includes a multi-layer printed circuit board (PCB) assembly that includes a first
layer comprising a thermally-conductive ring provided circumferentially around a thermally-conductive detector region for mount-
ing the laser detector, a second layer comprising a plurality of resistive elements aligned with the thermally-conductive detector
region to generate heat, and a fourth layer comprising a thermally-conductive heat-distribution region aligned with the thermally-
conductive detector region. A plurality of thermally-conductive vias is provided to couple the thermally-conductive ring of the
first layer to the thermally-conductive heat-distribution region of the fourth layer. The thermally-conductive vias transfer heat be-
tween the thermally-conductive heat-distribution region and the thermally-conductive ring to provide an even distribution of heat
across the laser detector.
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SYSTEM FOR MAINTAINING AN EVEN TEMPERATURE
DISTRIBUTION ACROSS A LASER DETECTOR

CLAIM OF PRIORITY

This application claims the benefit of priority under 35 U.S.C. § 120 to
U.S. Patent Application Serial No. 12/717,434, filed March 4, 2010, the

disclosure of which is incorporated herein by reference in its entirety.
TECHNICAL FIELD

Embodiments pertain to systems that use laser detectors. Some
embodiments pertain to multi-layer printed circuit board (PCB) assemblies.
Some embodiments pertain to maintaining an even temperature distribution
across a laser detector. Some embodiments pertain to guided projectiles that use

laser detectors.
BACKGROUND

One issue with systems that use laser detectors is that low temperature
and temperature variation across the surface of a laser detector reduces the
sensitivity of the laser detector. This, for example, may reduce the range of a
guided projectiie that relies on laser detection for targeting. Thus, what is needed
is a system that provides a stable temperature and a more even temperature

distribution across the surface of a laser detector.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a multi-layer printed circuit board (PCB) assembly in

accordance with some embodiments;



WO 2011/109089 PCT/US2011/000392

10

15

20

25

30

FIG. 2 illustrates a first layer of the multi-layer PCB assembly of
FIG. 1 in accordance with some embodiments;

FIG. 3 illustrates second and third layers of the multi-layer PCB
assembly of FIG. 1 in accordance with some embodiments;

FIG. 4 illustrates a fourth layer of the multi-layer PCB assembly
of FIG. 1 in accordance with some embodiments; and

FIG. 5 illustrates a cage for heat distribution in accordance with

some embodiments.
DETAILED DESCRIPTION

The following description and the drawings sufficiently illustrate specific
embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.

FIG. 1 is a multi-layer printed circuit board (PCB) assembly in
accordance with some embodiments. The multi-layer PCB assembly 101 may be
configured to maintain an even distribution of heat across a laser detector 103
provided thereon. In these embodiments, the multi-layer PCB assembly 101 may
include a first layer 100, a second layer 200, a third layer 300, a fourth layer 400
and a fifth layer 500. In some embodiments, the multi-layer PCB assembly 101
may be part of a system for maintaining an even distribution of heat across the
laser detector 103.

The first layer 100 may include a thermally-conducti?e ring and a
thermally-conductive detector region for mounting the laser detector 103
thereon. The second layer 200 may comprise a plurality of resistive elements
aligned with the thermally-conductive detector region to generate heat. The third
layer 300 may have elements to provide electrical energy to the resistive
elements. The fourth layer 400 may include a thermally-conductive heat-
distribution region aligned with the thermally-conductive detector region. The

fifth layer 500 may have additional circuitry disposed thereon.
2
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In these embodiments, the multi-layer PCB assembly 101 may include a
plurality of thermally-conductive vias 106 coupling the thermally-conductive
ring of the first layer 100 to the thermally-conductive heat-distribution region of
the fourth layer 400. The thermally-conductive vias 106 are provided through the
multi-layer PCB assembly 101 to transfer heat between the thermally-conductive
heat-distribution region and the thermally-conductive ring. In these
embodiments, the thermally-conductive ring and the thermally-conductive vias
106 contain heat within a localized region of the multi-layer PCB assembly 101
that includes the laser detector 103. These embodiments are described in more
detail below.

In some embodiments, the multi-layer PCB assembly 101 may include
plated-thru vias 108 to couple circuitry on the fifth layer 500 with circuitry on
the first layer 100 and the third layer 300. The layers of the multi-layer PCB
assembly may comprise an insulating substrate 110 that may be fabricated from
a conventional circuit board material including a ceramic or a laminate such as a
glass-reinforced or composite laminate. Examples of laminate may include FR-4
or Poly-Tetra-Fluoro-Ethylene (PTFE). For clarity, FIG. 1 shows only a single
thermally-conductive via 106 and a single plated-thru via 108.

FIG. 2 illustrates the first layer 100 of the multi-layer PCB assembly 101
(FIG. 1) in accordance with some embodiments. The first layer 100 may
comprise a thermally-conductive ring 102 provided circumferentially around a
thermally-conductive detector region 104 for mounting the laser detector 103
(FIG. 1) thereon. The thermally-conductive vias 106 are illustrated as darkened
spots on the thermally-conductive ring 102. The first layer 100 may be
fabricated on insulating substrate 110.

FIG. 3 illustrates the second and third layers of the multi-layer PCB
assembly 101 (FIG. 1) in accordance with some embodiments. The second layer
200 may comprise a plurality of resistive elements 202 which are to be aligned
with the thermally-conductive detector region 104 (FIG. 2) to generate heat. The
second layer 200 may also include power circuitry. The third layer 300 may
include power traces 304 including a power trace ring 302 to provide electrical

energy to the resistive elements 202 of the second layer 200.
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FIG. 4 illustrates the fourth layer of the multi-layer PCB assembly 101
(FIG. 1) in accordance with some embodiments. The fourth layer 400 may
comprise a thermally-conductive heat-distribution region 402 which is to be
aligned with the thermally-conductive detector region 104 (FIG. 1). The
thermally-conductive yias 106 are illustrated as darkened spots around the
perimeter of the thermally-conductive heat-distribution region 402.

In referring to FIGs. 1 through 4 together, the multi-layer PCB assembly
101 (FIG. 1) is configured to maintain an even distribution of heat across the
laser detector 103 (FIG. 1) provided thereon. The plurality of thermally-
conductive vias 106 coupled to the thennally-C(;nductive ring 102 (FIG. 2) and
to the thermally-conductive heat-distribution region 402 (FIG. 4) are provided
through the multi-layer PCB assembly 101 to transfer heat between the
thérmally-conductive heat-distribution region 402 and the thermally-conductive
ring 102. In these embodiments, the thermally-conductive ring 102 and the
thermally-conductive vias 106 contain heat within a localized region 105 (FIG.
1) of the multi-layer PCB assembly 101 that includes the laser detector 103.

In some embodiments, the thermally-conductive heat-distribution region
402 may absorb heat generated by the resistive elements 202 and help evenly
distribute heat to the laser detector. In these embodiments, the thermally-
conductive vias 106 provide a thermal conduction path between the thermally-
conductive heat-distribution region 402 and the thermally-conductive ring 102
reducing heat leakage through the multi-layer PCB assembly 101 to the
perimeter 114 of the multi-layer PCB assembly 101. This is beneficial
particularly when operating in a cold environment.

In some embodiments, the thermally-conductive heat-distribution region
402 may help evenly distribute heat génerated by the resistive elements 202
across the surface of the laser detector 103 by reducing a temperature variation
across the thermally-conductive detector region 104. The thermally-conductive
heat-distribution region 402, thermally-conductive vias 106 and thermally-
conductive ring 102 helps prevent hot and cold spots on the thermally-
conductive detector region 104 reducing the temperature variation across the
surface of the laser detector 103. Without the use of the thermally-conductive

heat-distribution region 402, thermally-conductive vias 106 and thermally-
4



WO 2011/109089 PCT/US2011/000392

10

15

20

25

30

conductive ring 102, hot and cold spots may result on the thermally-conductive
detector region 104 resulting in hot and cold spots on the laser detector 103
reducing the effectiveness of the laser detector 103.

In some embodiments, the plurality of thermally-conductive vias 106 are
provided substantially in a circle forming a cage to couple the thermally-
conductive ring 102 to a perimeter of the thermally-conductive heat-distribution
region 402. The cage may help evenly distribute the heat generated by the
resistive elements 202 across a surface of the laser detector 103. An example of
a cage is illustrated in FIG. 5 discussed below.

In some embodiments, the thermally-conductive detector region 104 may
be a detector mounting plate. In some embodiments that use a hexagonal-shaped
laser detector, the thermally-conductive detector region 104 may be hexagonal-
shaped for mounting the laser detector 103 thereon as illustrated in FIG. 2. In
these embodiments, the thermally-conductive heat-distribution region 402 of the
fourth layer 400 may comprise a circular conductive region as illustrated in FIG.
4 that is aligned with and larger than the thermally-conductive detector region
104. In these embodiments, the plurality of thermally-conductive vias 106 may
be provided in a circle as illustrated in FIG. 2 coupling the thermally-conductive
ring 102 through the multi-layer PCB assembly 101 to the perimeter of
thermally-conductive heat-distribution region 402.

In some embodiments, the plurality of resistive elements 202 generates
heat to maintain the laser detector 103 within a predetermined temperature
range. In some embodiments, a temperature sensor may be provided to
determine the temperature of the laser detector 103 and control circuitry may be
used to control the plurality of resistive elements 202 to maintain the laser
detector 103 within the predetermined temperature range. In these embodiments,
the temperature sensor may be provided at temperature sensor area 112 (FIG. 2),
although this is not a requirement.

In some embodiments, the temperature of the laser detector 103 may be
maintained at or near its optimal temperature for improved sensitivity. In some
embodiments, the laser detector 103 may be heated to within a predetermined

temperature (e.g., around 50 deg C) when operating in a cold environment and
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the multi-layer PCB assembly 101 may reduce the temperature variation across
the face of the laser detector 103.

In some embodiments, the laser detector 103 may be a semi-active laser
detector. In these embodiments, the multi-layer PCB assembly 101 and the laser
detector 103 may be part of a guided projectile (e.g., a missile, bomb, etc.) that

includes a laser seeker. In these embodiments, a laser may be aimed at a target

" and the laser seeker may determine a direction to the target based on reflected

laser energy from the target and may adjust the projectile’s trajectory toward the
target.

The thermally-conductive ring 102, the thermally-conductive detector
region 104, thermally-conductive vias 106 as well as other thermally and
electrically conductive elements may comprise copper or a copper alloy,
although this is not a requirement as other thermally-conductive materials such
as gold, aluminum, nickel, tin or solder may be used. In some embodiments, the
thermally-conductive heat-distribution region 402 comprises a thick layer of
copper. The thick layer of copper may be one-ounce copper. Other layers may
use half-ounce copper although this is not a requirement. The thermally-
conductive vias 106 may comprise plated-thru vias fabricated with a
conventional circuit-board fabrication technique.

In some embodiments, the first layer 100 may be a top layer and may
include signal, control and power circuitry. The second layer 200 may be a
resistor-element layer and may include resistive elements 202. The third layer
300 may be a power-circuitry layer to provide power to the second layer. The
fourth layer 400 may be a thermal-distribution layer, and the fifth layer 500
(FIG. 1) may be a circuitry layer although this is not a requirement. Signals from
the laser detector 103, for example, may be provided from the first layer 100 to
the fifth layer 500 using plated-thru vias 108.

In FIG. 3, the thermally-conductive vias 106 may pass through the inside
of the power trace ring 302 of the third layer 300 to couple the thermally-
conductive ring 102 of the first layer 100 with the thermally-conductive heat-
distribution region 402 of the fourth layer 400. The thermally-conductive vias
106 do not need to pass through the entire multi-layer PCB assembly 101 as

illustrated in FIG. 1. In FIG. 4, holes 408 may be provided in the thermally-
6
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conductive heat-distribution region 402 to allow signals to pass through layer
400 without connecting to the thermally-conductive heat-distribution region 402.

FIG. 5 illustrates a cage 150 for heat distribution in accordance with '
some embodiments. In these embodiments, the thermally-conductive vias 106
couple the thermally-conductive ring 102 of the first layer 100 (FIG. 2) to the
thermally-conductive heat-distribution region 402 of the fourth layer 400 (FIG.
4). The cage 150 provides for heat distribution and dissipation as discussed
above. The cage 150 may contain heat within a localized region 105 (FIG. 2) of
the multi-layer PCB assembly 101 that includes the laser detector 103 (FIG. 1).
The thermally-conductive vias 106 are provided through the multi-layer PCB
assembly 101 to transfer heat between the thermally-conductive heat-distribution
region 402 and the thermally-conductive ring 102 to reduce temperature
variation across the laser detector 103 (FIG. 1). The thermally-conductive vias
106 may also transfer heat between the thermally-conductive heat-distribution
region 402 and the thermally-conductive ring 102 to aid in reducing the heat
dissipation to the perimeter 114 (FIG. 2) of the multi-layer PCB assembly 101
thus flooding the area with heat flux to help in reducing temperature variation
across the laser detector 103.

In some embodiments, a system for maintaining an even distribution of
heat across a laser detector is provided. In these embodiments, the system may
comprise a multi-layer PCB assembly, such as multi-layer PCB assembly 101,
described above. In some embodiments, the system may comprise a thermally-
conductive ring provided circumferentially around a thermally-conductive
detector region for mounting the laser detector thereon. The system may also
comprise one or more heat-generating elements, and a thermally-conductive
héat-distribution region aligned with the thermally-conductive detector region.
The system rﬁay also comprise a plurality of thermally-conductive shafts
coupling the thermally-conductive ring to the thermally-conductive heat-
distribution region. The thermally-conductive shafts transfer heat between the
thermally-conductive heat-distribution region and the thermally-conductive ring
to reduce temperature variation across the laser detector.

In some embodiments, the plurality of thermally-conductive shafts may

be provided substantially in a circle forming a cage 150 to couple the conductive
7
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ring to a perimeter of the thermally-conductive heat-distribution region, the cage
to help evenly distribute the heat generated by the one or more heat-generating
elements across a surface of the laser detector. In some embodiments, an
insulating substrate material may be provided between the thermally-conductive
ring and the one or more heat-generating elements, and provided between the
one or more heat-generating elements and the thermally-conductive heat-
distribution region aligned with the thermally-conductive detector region. The
plurality of thermally-conductive shafts may be provided through the insulating
substrate material to couple the thermally-conductive ring to the thermally-
conductive heat-distribution region.

In some of these embodiments, the system may also include a
temperature sensor and feedback circuitry to maintain the temperature laser
detector within a predetermined temperature range. When the system is
configured to be located on a guided projectile, the predetermined temperate
range is between 45 and 55 degrees Celsius, although this is not a requirement.

In some embodiments, a thermal containment and thermal-balancing
structure is provided. In these embodiments, the structure may comprise a
plurality of PCB layers that form a cage, such as cage 150, to evenly distribute
heat across a surface of a laser detector.

The Abstract is provided to comply with 37 C.F.R. Section 1.72(b)
requiring an abstract that will allow the reader to ascertain the nature and gist of
the technical disclosure. It is submitted with the understanding that it will not be
used to limit or interpret the scope or meaning of the claims. The following
claims are hereby incorporated into the detailed description, with each claim

standing on its own as a separate embodiment.
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CLAIMS

What is claimed is;

1. A system to maintain an even distribution of heat across a laser
detector, the system including a multi-layer printed circuit board (PCB)
assembly, the system comprising;

a first layer comprising a thermally-conductive ring provided
circumferentially around a thermally-conductive detector region for mounting
the laser detector thereon;

a second layer comprising a plurality of resistive elements aligned with
the thermally-conductive detector region to generate heat;

a fourth layer comprising a thermally-conductive heat-distribution region
aligned with the thermally-conductive detector region; and

a plurality of thermally-conductive vias coupling the thermally-
conductive ring to the thermally-conductive heat-distribution region,

wherein the thermally-conductive vias are provided through the multi-
layer PCB assembly to transfer heat between the thermally-conductive heat-

distribution region and the thermally-conductive ring.

2. The system of claim 1 wherein the thermally-conductive heat-
distribution region is to absorb heat generated by the resistive elements and is to

help evenly distribute heat to the laser detector.

3. The system of claim 2 wherein the thermally-conductive heat-
distribution region is to help evenly distribute heat generated by the resistive
elements across a surface of the laser detector and to help reduce a temperature

variation across the thermally-conductive detector region.

4. The system of claim 3 wherein the plurality of thermally-conductive
vias are provided substantially in a circle to couple the conductive ring to a
perimeter of the thermally-conductive heat-distribution region through the multi-

layer PCB assembly.

PCT/US2011/000392
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5. The system of claim 1 wherein the plurality of resistive elements is to
generate heat to maintain the laser detector within a predetermined temperature

range.

6. The system of claim 1 wherein the thermally-conductive heat-

distribution region comprises a thick layer of copper.

7. The system of claim 6 wherein the thick layer of copper comprises
one-ounce copper, and
wherein the thermally-conductive vias comprise plated-thru vias

fabricated with a conventional circuit-board fabrication technique.

8. The system of claim 1 further comprising:

a third layer to provide electrical energy to the resistive elements; and

a fifth layer having circuitry thereon,

wherein the multi-layer PCB assembly further comprises plated-thru vias
to couple circuitry on the fifth layer with circuitry on the first layer and the third

layer.

9. The system of claim 1 wherein the thermally—cohductive ring, the
thermally-conductive vias and the thermally-conductive heat-distribution region
form a cage to help evenly distribute the heat generated by the resistive elements

across a surface of the laser detector.

10
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10. A system to maintain a substantially even temperature distribution
across a laser detector, the system comprising:

a thermally-conductive ring provided circumferentially around a
thermally-conductive detector region for mounting the laser detector thereon;

one or more heat-generating elements;

a thermally-conductive heat-distribution region aligned with the
thermally-conductive detector region; and

a plurality of thermally-conductive shafts coupling the thermally-
conductive ring to the thermally-conductive heat-distribution region,

wherein the thermally-conductive shafts are to transfer heat between the
thermally-conductive heat-distribution region and the thermally-conductive ring

to reduce temperature variation across the laser detector.

11. The system of claim 10 wherein the plurality of thermally-conductive
shafts are provided substantially in a circle forming a cage to couple the
conductive ring to a perimeter of the thermally-conductive heat-distribution
region, the cage to help evenly distribute the heat generated by the one or more

heat-generating elements across a surface of the laser detector.

12. The system of claim 11 further comprising an insulating substrate
material provided between the thermally-conductive ring and the one or more
heat-generating elements, and provided between the one or more heat-generating
elements and the thermally-conductive heat-distribution region aligned with the
thermally-conductive detector region,

wherein the plurality of thermally-conductive shafts are provided through
the insulating substrate material to couple the thermally-conductive ring to the

thermally-conductive heat-distribution region.

13. The system of claim 12 further comprising a temperature sensor and
feedback circuitry to maintain the temperature laser detector within a

predetermined temperature range.

11
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14. The system of claim 13 wherein the system is configured to be
located on a guided projectile, and
wherein the predetermined temperate range is between 45 and 55 degrees

Celsius.

15. A thermal containment and thermal-balancing structure comprising a
plurality of printed-circuit board (PCB) layers that include a plurality of
thermally-conductive vias that form a cage to evenly distribute heat across a
laser detector, wherein the layers include: |

a top layer comprising a thermally-conductive ring provided
circumferentially around a thermally-conductive detector region for mounting
the laser detector; and

a thermal-distribution layer comprising a thermally-conductive heat-
distribution region aligned with the thermally-conductive detector region,

wherein the plurality of thermally-conductive vias couple the thermally-
conductive ring to a perimeter of the thermally-conductive heat-distribution

region.

16. The thermal containment and thermal-balancing structure of claim 15
wherein the thermally-conductive ring comprises one-half ounce copper and the

thermally-conductive heat-distribution region comprises one-ounce copper.

17. The thermal containment and thermal-balancing structure of claim 16
further comprising a resistor-element layer to generate heat, the resistor layer

provided between the top layer and the thermal distribution layer.

18. The thermal containment and thermal-balancing structure of claim 17
wherein the thermally-conductive vias are provided through the PCB layers to
transfer heat between the thermally-conductive heat-distribution region and the
thermally-conductive ring to provide a substantially even temperature

distribution across a surface of the laser detector.

12
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