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(54) Title: SLIDING THERMAL SHIELD

(57) Abstract: A An assembly for providing electromagnetic
interference (EMI) shielding and for dissipating heat from
electronic components. The assembly including: a metallic
frame including a wall extending upwardly from a circuit
board; an EMI shield having a top with holes and having
sidewalls that surround the top, extend downwardly, and are
attachable to the wall of the frame in a first latched position
and in a second, un-latched position; a layer of thermally-
conductive, viscous heat sink grease on the top of the EMI
shield and filling holes in the top of the EMI shield, heat sink
grease in the holes being in direct physical contact with the
top surface of the at least one electronic component when the
EMI shield is in the second, un-latched position; and a heat
sink on top of and in direct physical contact with the heat
sink grease on top of the EMI shield.
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Sliding Thermal Shield

Background

[0001] As used herein, the term, "electronic circuitry" includes both electronic

devices like individual transistors as well as electronic circuits, formed from

multiple electronic devices, on or into a semiconductor substrate.

[0002] Electronic circuitry is known to be sensitive to electromagnetic

interference or ΜΙ ." Such circuitry can be degraded and even destroyed by EMI if

not cause a device to fail or its operation to be degraded. Accordingly, ΕΜ

sensitive circuitry and devices usually require shielding in order for them to

function properly and reliably. Such shielding prevents (or at least reduces) ingress

and egress of EMI relative to a housing or other enclosure in which electronic

equipment is disposed.

[0003] By way of example, electronic circuits or components on a printed

circuit board (PCB) are often enclosed within small metal box or cage, referred to as

a shield, in order to localize EMI within its source and to insulate other devices

proximal to the EMI source. Such shields may be soldered or otherwise affixed to

the PCB, thus increasing the overall size of the PCB. Soldered shields, however,

may need to be removed to repair or replace the EMI shielded component, which

can be an expensive and time consuming task that can even cause damage to the

PCB.

[0004] Electronic devices that require EMI shielding typically generate

significant amounts of heat. When excess heat builds up in an electronic circuit or

device, it causes the device's temperature to rise, which can of course cause a device

to fail completely. An apparatus and method for shielding an electronic device from

EMI and for dissipating heat would be an improvement over the prior art.



Brief Description of the Figures

[0005] FIG. 1is a perspective view of an EMI-shielding and heat dissipating

assembly including a frame and an EMI shield having a multi-position latch such

that the EMI shield can be attached to the frame in a first or a second latched

position!

[0006] FIG. 2 is an exploded view of a frame, an EMI shield, a layer of heat

sink grease and a heat sink;

[0007] FIG. 3 is a top view of an EMI shield affixed to a frame between which

is a layer of heat sink grease;

[0008] FIG. 4 is a cross-sectional view of the assembly shown in FIG. 3 taken

through section lines 4 4 ;

[0009] FIG. 5 is a cross sectional view of the assembly shown in FIG. 3 and 4

but showing the addition of a heat sink on top of a layer of heat sink grease;

[0010] FIG. 6 is a cross sectional view of just the circuit board and frame

portion of an assembly that provides EMI-shielding and heat dissipation showing

two electronic devices with differing heights; and

[0011] FIG. 7 is a cross sectional view of an assembly that provides EMI-

shielding and heat dissipation but also showing two electronic devices with differing

heights contacted by heat sink grease.



Detailed Description

[0012] FIG. 1 illustrates an exemplary low-profile EMI shielding and thermal

management assembly 100. The assembly 100 includes a gull wing-shaped heat

sink 102 atop an EMI shield 104. The top surface 106 of the heat sink 102 is

provided with several, evenly-space holes or perforations 108.

[0013] Not visible in FIG. 1 is a fence-like structure inside the EMI shield 104

and which is referred to herein as a "frame" comprising one or more vertical

sidewalls connected to each other that extend upwardly from the top surface 110 of

a conventional printed circuit board 112 and which surround or enclose electronic

circuits or devices that require EMI shielding.

[0014] Importantly, and as explained more fully below, the sidewalls of the

frame have a height, measured upwardly from the top surface 110 of the circuit

board 112, which is less than the height of the shortest electronic circuit surrounded

by the frame. As explained more fully below, a frame having a short wall height,

i.e., a frame wall having a height less than the shortest electronic device, enables all

of the electronic circuitry within the frame to be over-coated by a heat sink grease

that is applied over the perforated top of the EMI shield 104, prior to application of

the heat sink 102 and then urged downwardly through the holes into the area

surrounded by the frame, insuring that every component enclosed by the frame is

provided with a pathway for waste heat to be dissipated.

[0015] FIG. 2 is an exploded view of another assembly 200 for providing EMI

shielding and dissipating heat from one or more electronic components 202, 204.

The assembly 200 shown in FIG. 2 comprises a heat-absorbing/heat dissipating

solid block of metal 228 having a crenellated top. The metal block 228 sits atop a

layer of heat sink grease 226, which is laid down over an EMI shield 222. The

shield 222 essentially covers an EMI suppressing frame 212, which is attached to a

circuit board 206.



[0016] Electronic components 202, 204 that are provided EMI shielding have

heights 208A, 208B, measured upwardly from the board 206. In FIG. 2, each

electronic component's height 208A, 208B, is greater than or at least equal to the

height 210 of the vertically -oriented sidewalls 211 of a substantially rectangular

metal frame 212.

[0017] The sidewalls 211 of the frame 212 are preferably soldered to grounded

or reference potential traces on the circuit board 206. The sidewalls 211 surround

the electronic components 202, 204. The frame 212 thus surrounds electronic

components 202, 204 attached to the board 206 in the same way that a fence

surrounds a lot.

[0018] The sidewalls 211 of the frame 212 are provided with small holes or

detents 214. The detents 214 are sized, shaped and arrange to receive small

protuberances 216 that are formed into the EMI shield's sidewalls 218.

[0019] The sidewalls 18 of the EMI shield 222 extend downwardly, i.e.,

toward the circuit board 206, from a substantially planar top surface or face 220 of

the EMI shield 222. The sidewalls 218 have a height 223 different from the height

of the frame's sidewalls, and which is selected to be long enough for the

protuberances 216 to engage the detents 214 when the EMI shield 222 rests atop

the tallest of the components 202, 204 enclosed within the frame 212.

[0020] When detents 214 on the sidewalls 211 of the frame 2 12 and

protuberances 216 on the sidewalls 218 of the EMI shield 222 are engaged to each

other, as will happen when the EMI shield 222 is placed over the frame 212 and slid

downwardly toward the circuit board 206, the detents 214 and protuberances 216

mechanically engage or 'latch" each other, holding the EMI shield 222 in place,

relative to the frame 212 and relative to the circuit board 206. The detents 214 and

protuberances thus provide a mechanical and an electrical connection between the

shield 222 and the frame 212. When the EMI shield 222 is in such a latched

position, i.e., when the protuberances 216 and detents 214 are mechanically and

electrically engaged, pushing the EMI shield 222 downward further toward the

circuit board 206 causes the protuberances in the sheet metal sidewalls 218 of the



EMI shield 222 to be driven out of the detents 214, which causes the EMI shield

sidewalls to deflect outwardly as the protuberances are pushed out of the detents

214. Pushing or urging the EMI shield 222 past the latched position re-positions

the EMI shield 222 to a second, "un-latched" position which is below the latched

position, i.e., closer to the circuit board 206.

[0021] Still referring to FIG. 2, the top face 220 of the EMI shield 222 is

provided with numerous small diameter holes 224, which are evenly spaced relative

to each other, i.e., uniformly distributed across the entire top face 220. For cost

control purposes, all of the holes 224 have the same diameter, which is selected to

be too small to allow EMI waves to pass through them but large enough to allow a

conventional viscous heat sink grease 226 to be urged or forced through the holes by

a pressure applied to the heat sink grease 226 by the application of a force to the

metal block/heat sink 228 when it is placed on top of the grease 226.

[0022] FIG. 3 is a top view of the assembly 200 depicted in FIG. 2 but with the

metal block/heat sink 228 removed to show the top face 220 of the EMI shield 222.

The top face 220 has of course an area, A, equal to the product of the width, w, of

the top face 220 and the depth, d, of the top face 220. The area, A, of the top face is

thus equal to the quantity, w x d.

[0023] Each hole 224 has a diameter, d. Each hole thus has its own area that

is of course proportional to the holes' diameter.

[0024] The number of holes 224 in the shield 222, their size, shape and

arrangement are selected such that there is no portion or area below the EMI shield

222 where heat sink grease forced through the holes 224 will not cover or over coat

at least part of the top of an electronic device covered by the EMI shield 222.

Stated another way, the holes 224 in the EMI shield 222 are sized, shaped and

arranged such that there is no "pick up area" in the EMI shield as taught by U.S.

patent 7,623,360. By placing a layer of heat sink grease over all of the holes 224

and pushing the heat sink grease layer downwardly, the entire area below the EMI

shield 222, and electronic components therein, will be completely covered/over-

coated with the grease.



[0025] FIGS. 4 and 5 illustrate in cross section yet another assembly 400 for

providing electromagnetic interference (EMI) shielding and for dissipating heat

from one or more electronic components attached to a circuit board 402. In FIGS. 4

and 5, the assembly 400 is disposed over an electronic component 404 that requires

EMI shield and heat dissipation but which is also attached to a substrate/printed

circuit board 402.

[0026] Referring first to FIG. 4, which omits a heat sink, the assembly 400

shown therein comprises a substantially rectangular metallic frame 406 shown in

cross section. The frame 406 in turn comprises four substantially vertical walls

(two shown) 408, 410, soldered to the substrate/circuit board 402. The walls 408,

410 extend upwardly from the board 402 to a height identified by reference numeral

416, which is less than the height 418 of the

"shortest" electronic component 404 inside the frame 406.

[0027] The sidewalls 408, 410 have bottom edges adjacent the circuit board

and opposing top edges 420, 422 respectively. Horizontal, wall-stiffening flanges

412, 414 extend inwardly from the top edges 420, 422 of the walls 408, 410.

[0028] Small holes 424 are formed into the sidewalls 408, 410 just below the

stiffening flanges 412, 414. The holes 424 in the sidewalls (i.e., the frame's sidewall

holes 424) are sized and shaped to receive complementary-shaped protuberances

427 that extend inwardly from sidewalls 426, 428 of an EMI shield 430 placed over

the frame 406.

[0029] Sidewalls 426, 428 of the EMI shield 430 extend downwardly from a

substantially planar top face 432 of the EMI shield 430. The EMI shield sidewalls

426, 428 extend "downwardly" from the top face 432 of the EMI shield 430 and

"extend over" the sidewalls 408, 410 of the frame 406. The sidewalls of the EMI

shield 430 and the sidewalls of the frame 406 thus make both electrical and

mechanical contact with each other, providing an electrically continuous enclosure

known to some as a Faraday cage or Faraday shield.

[0030] The top face 432 is perforated with holes 434. The holes 434 have the

same diameter and are uniformly distributed across the entire area of the top face



432 such that the hole center-to-hole center spacing between the holes is consistent,

i.e., the same.

[0031] In FIG. 4, the EMI shield 430 is attached to the frame 406 by the

engagement of the protuberances 427 with the frame's sidewall holes 424. The EMI

shield 430 is thus latched at a first position, relative to the circuit board.

[0032] Referring now to FIG. 5, a layer of thermally-conductive and viscous

heat sink grease 502 is placed on the top face 423 of the EMI shield 430. The grease

502 is compressed or urged downwardly by at least the weight of a substantially

gull wing shaped-heat sink 504 that is placed on top of the grease 502 and which is

thus in direct physical contact with it.

[0033] The downward force applied to the layer of heat sink grease 502 causes

the grease 502 to fill most and preferably all of the holes 434 in the perforated top

face 432 of the EMI shield 430. The downward force also causes the EMI shield

430 to drop or slide downwardly relative to the frame 406. The EMI shield 430 is

thus referred to as a sliding thermal shield.

[0034] As shown in the figure, heat sink grease 502 in the holes 434 is in

direct physical contact with the top surface 504 of the electronic component 404

surrounded by the frame 406. FIG. 5 also shows that pressure apphed to the grease

502 eventually urges the EMI shield 430 downward to a lower, i.e., closer-to-the

board 406 and "un-latched" position, where the EMI shield 430 shown in FIG. 5

rests directly on top of the electronic component 404.

[0035] It is important to note herein that in each embodiment of the sliding

thermal shield, the EMI shield needs to make an electrical connection with the

frame in order for the EMI shield to block or suppress electromagnetic interference.

In order to do that and enable all of the shielded components to be coated with a

heat sink grease that makes a thermal connection to the EMI shield, the height of

the sidewalls extending upwardly from the frame need to be less than or equal to

the height of the lowest-height integrated circuit package to be shielded. The

height of the sidewalls extending downwardly from the EMI shield, however, needs

to be equal to or greater than the distance by which the tallest semiconductor



package extends above the top of the sidewalls of the frame so that the sidewalls of

the EMI shield and the sidewalls of the frame electrically and mechanically contact

each other and thus provide a Faraday cage/Faraday shield. Stated another way,

the combined heights of the sidewalls of the EMI shield and frame needs to be

greater than or equal to the height of the tallest component inside the sliding

thermal shield, but that the height of the sidewalls of the frame needs to be less

than the shortest component therein.

[0036] Those of ordinary skill in the art will recognize that in FIG. 5, heat or

thermal energy produced by the electronic component 404 will be conducted through

the EMI shield 430, as well as the heat sink grease 502 and into the heat sink 504.

The heat sink 504 and the EMI shield 430, however, do not contact each other

however but are in fact physically separated from each other. The assemblies

depicted FIGS. 1 5 thus provide an EMI shield, which can efficiently transfer heat

away from electronic circuitry enclosed within the frame and EMI shield, including

electronic devices which might have significantly different physical heights, as

shown in FIG. 6.

[0037] Referring now to FIG. 6, a first electronic component 604 has a first

physical height 608 relative to the surface of a substrate/printed circuit board 602.

A second and different electronic component 606 has a second and different physical

height 610 relative to the surface of the substrate/printed circuit board 602. Both

devices 604, 606 are taller than the sidewalls 6 14 of a metal frame.

[0038] As shown in FIG. 6, the sidewalls 614 of a frame 609 surrounding the

devices have a height identified by reference numeral 612. The height 612 of the

sidewalls 614 is thus less than the heights of both electronic components 604, 606.

A prior art, rigid heat sink placed on top of the taller component 606 and in direct

contact with the taller component 606 will nevertheless be unable to make contact

with the shorter component 604.

[0039] Referring now to FIG. 7, the flow of heat energy is illustrated by short

dark arrows directed generally upward. As shown in FIG. 7, heat can be conducted

away from the different height components 604, 606 and transferred to a single



heat sink 702 through a heat sink grease 716 by first covering a metallic frame 708

that extends around the components 604, 606, with an EMI shield 710 having a top

face 712 that is uniformly perforated by holes 714, which are sized, shaped and

arranged to allow the viscous heat sink grease 716 to pass through the holes 714

and flow over both components 604, 606. Heat from the components 604, 606 thus

flows through the heat sink grease 716, including the grease that fills the holes 174

and into the heat sink 702 where it is dissipated.

[0040] When the heat sink 702 is placed on top of the heat sink grease 716, a

clamping force is generated by the weight of the heat sink 702 and additional

mechanical assembly force applied to the heat sink in order to compresses the heat

sink grease against the EMI shield and the electronic components. The heat sink

grease 716 is thus under pressure and sandwiched between the EMI shield 710 and

the heat sink 702 that continuously applies pressure to the heat sink grease 716,

urging the grease 716 through the holes and into contact with the electronic

components 604, 606.

[0041] Those of ordinary skill in the art should recognize the advantages

provided by an EMI shielding assembly having a fully/completely perforated top

that allows heat sink grease to cover all of the components enclosed by the EMI

shielding assembly's downwardly extending sidewalls that engage sidewalls of a

metallic frame, the corresponding sidewalls of which are lower or shorter than the

shortest component to be protected from EMI.

[0042] As noted above, the perforated top of the EMI shield has a nominal

first area, Ai determined by the product of its length and width. As also noted

above, each hole has a smaller second area, A2. In preferred embodiments, the sum

of the second areas, A2, of all holes in the perforated is at least about twenty-percent

of the area of the top Ai up to about seventy-five percent of the first area Ai.

[0043] Those of ordinary skill in the art should recognize that in order for the

EMI shield having the perforated top to "cover" or extend over the frame, the frame

preferably encloses a smaller area than do the sidewalls of the EMI shield. Stated



another way, the metallic frame surrounds or encloses an area that is less than the

area surrounded or enclose by the sidewalls of the EMI shield.

[0044] The frame wall stiffening flanges described above are preferably

horizontal, i.e., parallel to the plane of the circuit board to which the frame and its

walls are attached. As shown in FIG. 7, width 720 of the flanges 722 is preferably

between about one-thirty second of an inch up to about one-quarter of an inch.

[0045] The foregoing description is for purposes of illustration. The true scope

of the invention is set forth in the following claims.



What is i«:

1. An assembly for providing electromagnetic interference (EMI) shielding and

for dissipating heat from one or more electronic components attached to a circuit

board, each electronic component having a height extending above the circuit board,

which is equal to or greater than a first height, the assembly comprising:

a metallic frame comprising a wall extending upwardly from the circuit

board, the upwardly-extending wall having a second height, which is less

than the first height, said metallic frame surrounding said electronic

components;

an EMI shield having a substantially planar top perforated with a

plurality of holes and having sidewalls that surround the perforated top, the

sidewalls extending downwardly from the top by a distance less than the

second height, the downwardly extending sidewalls of the EMI shield being

attachable to the wall of the frame in a first latched position and attachable

to the wall of the frame in a second, un latched position, the second position

being closer to the circuit board than the first latched position;

a layer of thermally-conductive, viscous heat sink grease on the top of

the EMI shield and filling a plurality of the holes in the perforated top of the

EMI shield, heat sink grease in the plurality of holes being in direct physical

contact with the top surface of the at least one electronic component when the

EMI shield is in the second, un-latched position;

a heat sink on top of and in direct physical contact with the heat sink

grease on top of the EMI shield;

wherein, when the EMI shield is attached to the frame in the second

latched position, electronic components within the assembly are substantially

isolated from EMI originating outside the assembly, and wherein EMI



emitted from electronic components inside the assembly is substantially

contained therein, wherein heat generated by electronic components inside

the assembly is conducted to the heat sink through the heat sink grease that

fills said holes.

2 . The assembly of claim 1, wherein the heat sink and the EMI shield are

physically separated from each other when the EMI shield is in the second, un ¬

latched position.

3 . The assembly of claim 1, wherein the plurality of holes in the perforated top

are uniformly spaced apart from each other.

4 . The assembly of claim 3, wherein the top has a first area, Ai and wherein

each hole has a smaller second area, A2, a sum of the second areas A2, of all holes in

the perforated top being at least about twenty-percent of the first area Ai up to

about seventy-percent of the first area Ai.

5 . The assembly of claim 4, wherein the metallic frame surrounds an area less

than the first area, A
1

of the perforated top and wherein the sidewalls of the EMI

shield are outside the sidewall of the metallic frame.

6 . The assembly of claim 1, wherein the upwardly extending wall of the metallic

frame has a bottom edge that contacts the circuit board and an opposing top edge

from which extends a substantially horizontal flange, the horizontal flange being

located above the circuit board by a distance less than the first height.



7 . The assembly of claim 6, wherein the horizontal flange has a width between

about one-thirty second of an inch up to about one-quarter of an inch.

8 . The assembly of claim 6, wherein the horizontal flange and top are separated

from each other when the EMI shield is in the first latched position and in direct

physical contact with each other when the EMI shield is in the second, un latched

position.

9 . The assembly of claim 1 , further comprising a first electronic component

inside the metallic frame and a second electronic component also inside the metalhc

frame, the first and second electronic components having different heights, both of

which are greater than the second height of the upwardly-extending wall of the

frame, wherein the heat sink grease is in direct physical contact with both the first

and second electronic components, and wherein the heat sink grease conducts heat

from both components to the heat sink.

10. An assembly for providing electromagnetic interference (EMI) shielding and

for dissipating heat emitted from a plurality of electronic components inside the

assembly and attached to a board, each electronic component having a height that

extends above the board, each electronic component's height being equal to or

greater than a first minimum height, the assembly comprising:

a substantially rectangular metallic frame comprising a plurality of

upwardly-extending side walls, each sidewall having a second height that is

less than the first minimum height, said metallic frame surrounding said

electronic components!

an EMI shield configured to fit over the metallic frame, the EMI shield

having a rectangular and substantially planar top (top) with a first area Ai,

the top being perforated by a plurality of holes, which are spaced apart from



each other and uniformly distributed across the top, the top having a

circumferential edge from which EMI shield side walls extend downwardly,

each sidewall of the EMI shield having a height less than or equal to the

second height, the sidewalls of the EMI shield being attachable to the frame

sidewalls in a first latched position and attachable to the frame sidewalls in a

second, un-latched position, the second, un-latched position being closer to

the board than the first latched position, the top of the EMI shield being

mechanically and electrically separated from the electronic components when

the EMI shield is in the first latched position!

a layer of thermally-conductive and viscous heat sink grease on the top

surface of the EMI shield and filling a plurahty of the holes in the top of the

EMI shield, heat sink grease in the plurahty of holes being in direct physical

contact with the top surfaces of the electronic components surrounded by the

frame, when the EMI shield is in the second, un-latched position;

a heat sink on top of and in direct physical contact with the heat sink

grease on top of the EMI shield but physically separated from the EMI shield;

wherein, when the EMI shield is attached to the frame in the second

latched position, electronic components within the frame are isolated from

EMI originating outside the assembly and wherein EMI emitted from

electronic components inside the assembly is contained therein, and wherein

heat generated by the electronic components inside the assembly is conducted

to the heat sink through the heat sink grease.

11 The assembly of claim 10, wherein the EMI shield is in direct physical

contact with a top surface of at least one electronic component when the EMI shield

is in the second, un-latched position.



12. The assembly of claim 10, wherein a clamping force is generated when the

EMI shield is attached to the frame in the second latched position that compresses

the heat sink grease against the EMI shield and the electronic components.

13. The assembly of claim 10, wherein the heat sink grease is configured to be

sandwiched under pressure between the EMI shield and the heat sink thereby

applying pressure to the heat sink grease, wherein the pressure applied to the heat

sink grease by the heat sink urges the heat sink grease through the holes and into

contact with the electronic components.

14 The assembly of claim 10, wherein: at least one of said EMI shield and said

frame includes a first latching member, and the other one of said EMI shield and

said frame includes a first opening configured to engagingly receive the first

latching member for attaching the EMI shield to the frame in the first latched

position; and at least one of said EMI shield and said frame includes a second

latching member, and the other one of said EMI shield and said frame includes a

second opening configured to engagingly receive the second latching member for

attaching the EMI shield to the frame in the second latched position.

15. The assembly of claim 10, wherein the EMI shield includes first wall

portions, first detents inwardly extending relative to the first wall portions, second

walls portions, and second and third detents inwardly extending relative to the

second wall portions, and wherein the frame includes first openings for engagingly

receiving the first detents for attaching the EMI shield to the frame in the first

latched position, and second and third openings for engagingly receiving the

respective second and third detents for attaching the EMI shield to the frame in the

second latched position.



16. A method for providing board level electromagnetic interference (EMI)

shielding and thermal management for one or more electronic components of a

circuit board, the electronic components having heights that are different from each

other, the method comprising:

attaching to the circuit board, a metallic frame comprising a metallic

side wall that encircles a plurality of electronic components, the side wall

having a height less than the heights of the electronic components inside the

frame;

attaching an EMI shield to the metallic side wall of the frame in a first

latched position such that a first distance separates the EMI shield and

electronic components inside the frame, the EMI shield comprising a

substantially planar top, which is perforated by a plurality of holes, which

are uniformly spaced apart from each other;

applying a layer of viscous, heat sink grease to the EMI shield;

applying a heat sink to the layer of heat sink grease; and

moving the heat sink downward toward the board, filling holes in the

EMI shield with heat sink grease and driving he heat sink grease into direct

physical contact with the electronic components.

17. The method of claim 16, wherein the step of moving the heat sink downward

further comprises moving the EMI shield from a first latched position into a second,

operational un-latched position in which the first distance is substantially

eliminated and the heat sink grease forms a thermally-conducting heat path from

the one or more electronic components to the heat sink.



18. The method of claim 16, further comprising performing a solder reflow

process to mount the frame to the board before attaching the EMI shield to the

frame.

19. The method of claim 17, wherein moving the EMI shield from the first

latched position to the second un-latched position generates a clamping force that

compresses the heat sink grease against the EMI shield and at least a portion of the

one or more electronic components.

















International application No

PCT/US2016/057511

A. CLASSIFICATION O F SUBJECT MATTER
INV. H05K9/Q0
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols

H05K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2007/210082 Al (ENGLISH GERALD R [US] 1-19
ET AL) 13 September 2007 (2007-09-13)
c i ted i n the appl i cati on
paragraph [0068] - paragraph [0083] ;
f i gures 1-5
paragraph [0168] - paragraph [0169]

US 6 982 481 Bl (S0NDEREGGER MARK [CA] ET 1-19
AL) 3 January 2006 (2006-01-03)
col umn 3 l ine 1 - col umn 4 l ine 61 ;
f i gures 1-4

US 2013/077282 Al (MALEK SHAYAN [US] ET 1-19
AL) 28 March 2013 (2013-03-28)
paragraph [0018] - paragraph [0032] ;
f i gures 2-7

/ -

X Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other " document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

24 January 2017 01/02/2017

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Skaropoulos , N



International application No

PCT/US2016/057511

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2006/126309 Al (BOLLE CRISTIAN A [US] 1-19
ET AL) 15 June 2006 (2006-06-15)
the whole document

US 2015/264842 Al (SONG KYUNGHOON [KR] ET 1-19
AL) 17 September 2015 (2015-09-17)
the whole document



International application No
Information on patent family members

PCT/US2016/057511

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2007210082 Al 13-09-2007 AT 489844 T 15-12-2010
CN 101395980 A 25-03-2009
EP 1997363 A2 03-12-2008
KR 20080106921 A 09-12-2008
T 200810683 A 16-02-2008
US 2007210082 Al 13-09-2007

O 2007103741 A2 13-09-2007

US 6982481 Bl 03-01-2006 NONE

US 2013077282 Al 28-03-2013 NONE

US 2006126309 Al 15-06-2006 NONE

US 2015264842 Al 17-09-2015 CN 104936425 A 23-09-2015
EP 2922377 Al 23-09-2015
KR 20150108262 A 25-09-2015
US 2015264842 Al 17-09-2015
W0 2015141968 Al 24-09-2015


	abstract
	description
	claims
	drawings
	wo-search-report

