w0 2018/031508 A1 |00 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
15 February 2018 (15.02.2018)

(10) International Publication Number

WO 2018/031508 A1l

WIPO I PCT

(51) International Patent Classification:
HO5K 5/00 (2006.01) HO5K 9/00 (2006.01)
HO5K 7/14 (2006.01)

(21) International Application Number:
PCT/US2017/045826

(22) International Filing Date:
08 August 2017 (08.08.2017)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
15/231,176

(71) Applicant: CONTINENTAL AUTOMOTIVE
SYSTEMS, INC. [US/US]; One Continental Drive,
Auburn Hills, Michigan 48326 (US).

08 August 2016 (08.08.2016) Us

(72) Inventors: SU, Patrick; 2204 Orchard Crest, Shelby
Township, Michigan 48317 (US). MOORE, Kevin Dou-
glas; 1945 Long Pointe Dr, Bloomfield Hills, Michigan
48302 (US).

(74) Agent: ESSER, William F et al.; Continental Automotive
Systems, Inc., One Continental Drive, Auburn Hills, Michi-

gan 48326 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: COMPLIANT PCB-TO-HOUSING FASTENER

FI1G. 1B

(57) Abstract: A fastener is provided for fastening a printed circuit and an electronics housing. The fastener has a lead-in feature
extending therefrom the fastener and at least one pin extending therefrom. An intermediate standotf portion may be disposed between
the lead-in feature and the pin. An electronics housing may be provided that includes the fastener, an electronics housing structure, and
a printed circuit board (PCB) disposed adjacent to the electronics housing structure. The lead-in feature may be press fit into an aperture
in the housing structure aperture, and the pin may be press fit into an aperture in the PCB. A method of forming an engine control unit
is also provided. The method includes providing a PCB, press fitting a fastener to the PCB, dispensing thermal interface material onto
a housing structure, pressing the PCB onto the thermal interface material, and press fitting the fastener into the housing structure.

[Continued on next page]



WO 2018/031508 A1 {10000 NI O

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to the identity of the inventor (Rule 4.17(i))

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



WO 2018/031508 PCT/US2017/045826

COMPLIANT PCB-TO-HOUSING FASTENER

FIELD
[0001] The present disclosure relates generally to fasteners for electronics enclosures,
and more specifically to a fastener for an electronics enclosure for use in an automotive powertrain

system.

BACKGROUND

[0002] Modern vehicles, such as cars, incorporate electronic systems and controllers
into the engine designs. The electronic systems enable proper operation of the engine and other
vehicle systems during all operating conditions. Some operating conditions, such as rain or sleet,
are hazardous to exposed electronics and can damage or destroy exposed electronics. In order to
protect the electronic systems, typical vehicles isolate the electronic components from the
environmental hazards by placing the electronics within an electronics housing module.

[0003] Electronics housing modules, or enclosures (for example, ECU’s), include a
housing body and a cover that seals the housing body. A printed circuit board may be enclosed
within the electronics housing module. The printed circuit board may be attached within the
electronics housing module by screws, for example. The housing body can further include sealed
communication ports allowing the electronics module to be connected to sensors or other electric
systems within the vehicle.

[0004] The printed circuit board may be attached within the housing body (e.g., ECU
enclosure) with a plurality of screws. This requires a number of parts to be assembled in the ECU

assembly process.
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SUMMARY

[0005] Disclosed is a fastener that may be press fit to a housing structure and to a PCB.

[0006] In one example, which may be combined with or separate from the other
examples provided herein, an electronics housing is provided that includes an electronics housing
structure defining a structure aperture therein. A printed circuit board is disposed adjacent to the
electronics housing structure. The printed circuit board defines a board aperture therethrough. A
fastener has a lead-in feature extending from the fastener and at least one pin extending from the
fastener. The lead-in feature is press fit into the structure aperture and the pin is press fit into the
board aperture.

[0007] In another example, which may be combined with or separate from the other
examples described herein, a fastener for a printed circuit and electronics housing is provided. The
fastener includes an intermediate standoff portion, a lead-in feature, and at least one pin. The lead-
in feature extends from the intermediate standoff portion for attaching the fastener to a housing
structure. The pin or pins extend from the intermediate standoff portion for contacting a printed
circuit board. The intermediate standoff portion is disposed between the pin or pins and the lead-
in feature.

[0008] In yet another example, which may be combined with or separate from the other
examples described herein, a method of forming an engine control unit is provided. The method
includes providing a printed circuit board populated with electrical components, press fitting a
fastener to the printed circuit board, dispensing thermal interface material onto a housing structure,
pressing the printed circuit board onto the thermal interface material, and press fitting the fastener

into the housing structure.
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[0009] Some variations may also include one or more of the following characteristics,
alone or in combination: the lead-in feature extending from a first side of the fastener; the pin
extending from a second side of the fastener; the first side being opposite the second side; the at
least one pin being a plurality of pins; the fastener further comprising a push feature extending
from the second side of the fastener; the push feature being disposed between a first pin and a
second pin of the plurality of pins; the push feature configured to allow the lead-in feature to be
pushed into the structure aperture; the lead-in feature comprising a plurality of retaining features
configured to hold the fastener to a housing structure; the fastener comprising an intermediate
standoff portion; the intermediate standoff portion being flat; the lead-in portion of the fastener
being flat; the lead-in portion and/or the intermediate standoff portion having a thickness in the
range of about 0.5 to 2 millimeters; the fastener being formed of metal; the intermediate standoff
portion being disposed between the printed circuit board and the electronics housing structure to
create a gap between the printed circuit board and the electronics housing structure; the printed
circuit board defining a push feature opening through which the push feature extends; the lead-in
feature comprising a plurality of retaining features configured to hold the fastener to the housing
structure; the housing enclosure further comprising thermal interface material disposed between
the printed circuit board and the electronics housing structure; the method further comprising
dispensing sealant material onto the perimeter of the housing structure and crimping a lid onto the
housing structure; the step of press fitting the fastener into the housing structure including pressing
on a push feature extending from the fastener.

[0010] These and other features can be best understood from the following

specification and drawings, the following of which is a brief description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The drawings are provided for illustrative purposes only and are not intended
to limit the invention, as defined in the claims.

[0012] FIG. 1A is an exploded view of an electronics housing having a plurality of
fasteners and thermal interface material, in accordance with the principles of the present
disclosure;

[0013] FIG. 1B is a cross-sectional view of a portion of the assembled electronics
housing of FIG. 1A, according to the principles of the present disclosure;

[0014] FIG. 1C is a perspective cross-sectional view of a portion of the electronics
housing of FIGS. 1A-1B, with the thermal interface material removed for clarity, in accordance
with the principles of the present disclosure;

[0015] FIG. 2A is a side view of the fastener shown in FIGS. 1A-1C, according to the
principles of the present disclosure;

[0016] FIG. 2B is a perspective view of the fastener shown in FIGS. 1A-1C and 2A,
according to the principles of the present disclosure;

[0017] FIG. 2C is a perspective of the fastener shown in FIGS. 1A-1C and 2A-2B, and
a portion of the electronics housing shown in FIGS. 1A-1C, in accordance with the principles of
the present disclosure;

[0018] FIG. 3 is a cross-sectional view of a portion of the assembled electronics
housing of FIGS. 1A-1C, along a tool for assembling the electronics housing, according to the

principles of the present disclosure;
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[0019] FIG. 4A is a cross-sectional view of another variation of a portion of an
electronics housing and another fastener, in accordance with the principles of the present
disclosure;

[0020] FIG. 4B is a cross-sectional view of yet another variation of a portion of an
electronics housing and yet another fastener, in accordance with the principles of the present
disclosure;

[0021] FIG. 4C is a side view of still another fastener assembled with a PCB, according
to the principles of the present disclosure; and

[0022] FIG. 5 is a block diagram illustrating a method of forming an engine control

unit, in accordance with the principles of the present disclosure.

DESCRIPTION

[0023] FIG. 1 illustrates a perspective, exploded view of an electronics housing, which
is generally designated at 10, as one example of the claimed invention. It should be understood,
however, that the invention is not limited to this example. The electronics housing 10 has a
housing structure 12, which may be a main body portion or housing. The housing structure 12
may form a base or outer housing for a controller, such as an engine control unit (ECU). The
housing structure 12 may be formed, for example, by casting aluminum or steel. The housing
structure 12 could alternatively be formed in any other suitable way, such as by stamping
aluminum or steel. A small cover 14 may cover a vent hole 16 defined by the housing structure
12, and a label 18 may be affixed to the housing structure 12.

[0024] A printed circuit board (PCB) 20 may be disposed in or on, or adjacent to, the

housing structure 12 and attached thereto, as described in more detail below. Electrical



WO 2018/031508 PCT/US2017/045826

components 24 may populate the PCB 20, and a connector 26 may be used to electrically and
communicatively connect the PCB 20 to components outside of the housing enclosure 10. A cover
28, which may be a stamped steel cover, by way of example, may be attached to the housing
structure 12 to enclose the PCB 20 within the housing enclosure 10.

[0025] A thermal interface material (TIM) 30 may be disposed between the PCB 20
and the housing structure 12. The thermal interface material (TIM) 30 may be formed of any
suitable material, such as a Silicone-based or rubber-based material. For example, a suitable
thermal interface material (TIM) 30 may be a Silicone-rubber material sold under the trade name
Semicosil. Another suitable thermal interface material may be a thermal gap-filler material, such
as an elastomer. A suitable gap-filler material may be an elastomeric material sold by the Berquist
company under the product name GF1500. The TIM 30 may assist with heat transfer of the PCB
20 and to avoid a short through the housing structure 12 and elements on the PCB 20.

[0026] A plurality of fasteners 32, such as four or more fasteners 32 as shown in FIG.
1A, by way of example, may be implemented to assembly the PCB 20 to the housing structure 12.
Referring to FIGS. 1A, 1B, 1C, 2A, 2B, and 2C, the fasteners 32 are shown and described in greater
detail. Each fastener 32 has a lead-in feature 34 extending from the fastener 32, and at least one
pin 36a, 36b extending from the fastener 32.

[0027] In the illustrated example, the PCB 20 defines a plurality of board apertures 38
through which each of the pins 36a, 36b extend to attach each fastener 32 to the PCB 20. The pins
36a, 36b may be press fit into the board apertures 38, by way of example. In the alternative, the
pins 36a, 36b may extend through the board apertures 38 to support the PCB 20 and/or ground the

PCB 20 without forming a mechanical connection with the PCB 20.
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[0028] The housing structure 12 defines a structure aperture 40 through which the lead-
in feature 34 extends. For example, the housing structure 12 may define one structure aperture 40
for each lead-in feature 34. Each lead-in feature 34 may be press fit into a corresponding structure
aperture 40.

[0029] Each pin 36a, 36b may define a pin aperture 42 therethrough, such as for
increasing the elasticity of the pin 36a, 36b and/or for increasing the ease of manufacturability
thereof. Similarly, each lead-in feature 34 may define a lead aperture 44 therethrough, such as for
increasing the elasticity of the lead-in feature 34 and/or for increasing the ease of manufacturability
thereof. The pins 36a, 36b and/or the lead-in features 34 may include retaining features to retain
the fastener 32 to the PCB 20 and/or the housing structure 12. For example, the lead-in feature 34
may comprise a plurality of retaining features 46, such as one-way teeth, configured to hold the
fastener 32 to the housing structure 12.

[0030] In the illustrated example, the lead-in feature 34 of each fastener 32 extends
from a first side 48 of the fastener 32, and each pin 36a, 36b extends from a second side 50 of the
fastener 32, where the first side 48 is opposite the second side 50. The fastener 32 may include an
intermediate standoff portion 52. When the housing enclosure 10 is assembled, the intermediate
standoff portion 52 is disposed between the printed circuit board 20 and the housing structure 12
to create a gap g between the printed circuit board 20 and the housing structure 12. The gap g, and
thus the height h of the intermediate standoff portion 52, allows the thickness t of the thermal
interface material 30 to be controlled by the h of the intermediate portion h and the gap g. The gap
g and the height h are equal to each other.

[0031] In the illustrated example, the fastener 32 has a flat configuration. In other

words, both intermediate standoff portion 52 and the lead-in feature 34 are flat. Even the pins 36a,
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36b are flat, but the in the alternative, the pins 36a, 36b could be round. The intermediate standoff
portion 52 and the lead-in feature 34 may each have a thickness u in the range of about 0.5 to 2
millimeters, such as about 1 millimeter.

[0032] Referring to FIGS. 1B, 1C, 2A-2C, and 3, the fastener 32 may include a push
feature 54 configured to allow the lead-in feature 34 to be pushed into the structure aperture 40.
Like the pins 36a, 36b, the push feature 54 extends from the second side 50 of the fastener 32, in
this example, and the printed circuit board 20 defines a push feature opening 56 through which the
push feature 54 extends. The push feature 54 may be disposed between a first pin 36a and a second
pin 36b of the plurality of pins 36a, 36b. A push finger tool 58 may then be used to press on the
push feature 52 in order to press the lead-in feature 34 into the structure aperture 40 to connect the
fastener 32 and PCB 20 to the housing structure 12.

[0033] The fastener 32 may be formed of metal to providing EMI grounding between
the printed circuit board 20 and the housing structure 12.

[0034] A sealant material may be disposed between the housing structure 12 and the
cover 28. The sealant material may be disposed in a groove (not shown) formed between the
housing structure 12 and the cover 28, by way of example. The sealant material may be Silicone,
by way of example.

[0035] Referring now to FIG. 4A, another variation of an electronics housing enclosure
is illustrated and generally designated at 110. The electronics housing enclosure 110 may be
similar to the electronics housing enclosure 10 described above, and such description is
incorporated by reference to be applied to the electronics housing enclosure 110, except where

differences are specifically described.
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[0036] The main difference between the electronics housing enclosure 110 and the
electronics housing enclosure 10 described is that the fastener 132 has a different configuration.
In the version of the fastener 132 shown in FIG. 4A, the pin 136a (or pins) extend from the same
side 148 of the fastener 132 as the lead-in feature 134 extends from. An intermediate portion 160
connects the pin 136a and the lead-in feature 134, but the intermediate portion 160 is not a
“standoff” because it does not create a gap between the PCB 120 and the housing structure 112.
Thus, the fastener 132 connects the housing structure 112 (which is a base plate in this
configuration) to the PCB 120, with the TIM 130 sandwiched therebetween. A push feature 156
allows a tool to press the lead-in feature 134 into the housing structure 112, and may possibly
allow the pin 136a to be pressed into the PCB 120.

[0037] Referring now to FIG. 4B, yet another variation of an electronics housing
enclosure is illustrated and generally designated at 210. The electronics housing enclosure 210
may be similar to the electronics housing enclosure 10 described above, and such description is
incorporated by reference to be applied to the electronics housing enclosure 210, except where
differences are specifically described.

[0038] In the example shown in FIG. 4B, the fastener 232 has the pin 236a extending
from the lead-in feature 234. Thus, the fastener 232 connects the housing structure 212 (which is
a base plate in this configuration) to the PCB 220, with the TIM 230 sandwiched therebetween.

[0039] Referring now to FIG. 4C, still another variation of an electronics housing
enclosure is illustrated and generally designated at 310. The electronics housing enclosure 310
may be similar to the electronics housing enclosure 10 described above, and such description is
incorporated by reference to be applied to the electronics housing enclosure 310, except where

differences are specifically described.
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[0040] In the example shown in FIG. 4C, the fastener 332 has the lead-in feature 354
extending from a first side 348 of the fastener 332, and the pin 336a extends from a second side
350 of the fastener 332. Thus, the fastener 332 connects the housing structure 312 to the PCB 320.
A gap 300g may be created between the PCB 320 and the housing structure 312 by an intermediate
portion 354 of the fastener 332, but no push feature is included in this example.

[0041] Referring now to FIG. 5, a method of forming an engine control unit is
illustrated and generally designated at 400. The method 400 may included a step 402 of providing
a printed circuit board populated with electrical components, such as one of the printed circuit
boards 20, 120, 220, 320 described above.

[0042] The method 400 may also include a step 404 of press fitting a fastener to the
printed circuit board. For example, the fastener 32 described above may be press fit to the PCB
20 with the pins 36a, 36b. The method 400 may further include a step 406 of dispensing thermal
interface material, such as TIM 30, onto a housing structure, such as housing structure 12. The
method 400 includes a step 408 of pressing the printed circuit board onto the thermal interface
material.

[0043] Furthermore, the method 400 includes a step 409 of press fitting the fastener
into the housing structure. For example, this step 409 may be accomplished by press fitting the
lead-in feature 34 into the structure aperture 40 of the housing structure 12 by pressing on the push
feature 56, which extends from the fastener 36, with the push finger tool 58.

[0044] In some variations, the method 400 may include additional steps, such as
dispensing sealant material onto the perimeter of the housing structure and attaching a cover onto

the housing structure, such as by crimping. The sealant material may be configured to seal an

10
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internal cavity created by the housing structure 12 and cover 28 when the electronics housing
enclosure 10 is assembled with the connector 26 and printed circuit board 20.

[0045] The enclosure and method described herein may simplify the manufacturing
process. By press fitting the components together, an extra step of screwing in screws is
eliminated. Furthermore, greater control for the TIM thickness is provided for by allowing for the
defined thickness t created by the gap g.

[0046] It is further understood that any of the above described concepts can be used
alone or in combination with any or all of the other above described concepts. Although an
embodiment of this invention has been disclosed, a worker of ordinary skill in this art would
recognize that certain modifications would come within the scope of this invention. For that
reason, the following claims should be studied to determine the true scope and content of this

invention.

11
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CLAIMS

What is claimed is:

1. An electronics housing comprising:

an electronics housing structure defining a structure aperture therein;

a printed circuit board disposed adjacent to the electronics housing structure, the
printed circuit board defining a board aperture therethrough; and

a fastener having a lead-in feature extending from the fastener and at least one pin
extending from the fastener, the lead-in feature being press fit into the structure aperture and the
pin being press fit into the board aperture, the fastener further having a push feature configured to
allow the lead-in feature to be pushed into the structure aperture, the lead-in feature extending from
a first side of the fastener and the push feature extending from a second side of the fastener, the

second side being opposite the first side.

2. The electronics house of claim 1, the at least one pin extending from the second

side of the fastener.

3. The electronics housing of claim 2, the fastener comprising an intermediate
standoff portion, wherein the intermediate standoff portion is disposed between the printed circuit
board and the housing structure to create a gap between the printed circuit board and the housing

structure.

12
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4. The electronics housing enclosure of claim 1, the printed circuit board defining a

push feature opening through which the push feature extends.

5. The electronics housing enclosure of claim 2, wherein the at least one pin is a
plurality of pins, the push feature being disposed between a first pin and a second pin of the

plurality of pins.

6. The electronics housing enclosure of claim 1, the lead-in feature comprising a

plurality of retaining features configured to hold the fastener to the housing structure.

7. The electronics housing enclosure of claim 1, the fastener comprising an
intermediate standoff portion, wherein the intermediate standoff portion is disposed between the
printed circuit board and the housing structure to create a gap between the printed circuit board
and the housing structure, the intermediate standoff portion and the lead-in feature of the fastener

being flat.

8. The electronics housing enclosure of claim 7, the intermediate standoff portion and

the lead-in portion each having a thickness in the range of about 0.5 to 2 millimeters.

9. The electronics housing enclosure of claim 8, further comprising thermal interface

material disposed between the printed circuit board and the housing structure.

13
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10. The electronics housing enclosure of claim 1, wherein the fastener is formed of

metal to providing grounding between the printed circuit board and the housing structure.

11. The electronics housing enclosure of claim 1, wherein the at least one pin extends

from the first side of the fastener.

12. A fastener for a printed circuit and electronics housing, the fastener comprising:

an intermediate standoff portion;

a lead-in feature extending from the intermediate standoff portion for attaching the
fastener to a housing structure;

at least one pin extending from the intermediate standoff portion for contacting a
printed circuit board, the intermediate standoff portion being disposed between the at least one pin
and the lead-in feature; and

a push feature extending from the intermediate standoff portion, the push feature
configured to allow the lead-in feature to be pushed into engagement with the housing structure,

wherein the lead-in feature extends from a first side of the fastener, and the push

feature extends from a second side of the fastener, the first side being opposite the second side.

13. The fastener of claim 12, the pin extending from the second side of the fastener.

14. The fastener of claim 13, the at least one pin being a plurality of pins, the push

feature extending from the second side of the fastener, the push feature being disposed between a

first pin and a second pin of the plurality of pins.

14
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15. The fastener of claim 12, the lead-in feature comprising a plurality of retaining

features configured to hold the fastener to a housing structure.

16. The fastener of claim 12, the lead-in feature and the at least one pin extending from

the first side of the fastener.

15



26
7/0458
PCT/US201

31508

2018/0

WO

1/11

SR
_—

<cm 28
\\\\\\\\\\ \\\\\\\
f““\\\a - ‘ /
S S e i
-
oo -
e ~ ) N

T \\\%\\\ e — =i

- : — I

- - = > - J

P __,// I '_'_,,,—/';"/’j‘;‘:
—
;’M"“—‘ \\\\ — —
. \\\\\\:{M /f,_,_,,,: _
/////
/ e
— : ;
— o, S =
e ETT ETT S, [ . ;;;’,,..a""’
— : ’
/////
— i i . - —
p— s T ==
- W
\\\\\\\\\\\\\\\\\\‘
i \\\\\\\\\\\\\\
\\\;\\%\“\\\\\:r\\%:\\\\
-

o




WO 2018/031508 PCT/US2017/045826

2/ 11




FIG. 1C



WO 2018/031508 PCT/US2017/045826

4/ 11

FIG. 2A



WO 2018/031508 PCT/US2017/045826

5/11

FIG. 2B



WO 2018/031508 PCT/US2017/045826

6/11

FIG. 2C



WO 2018/031508 PCT/US2017/045826

AN NEW COMPLIANT
PIN FINGER

58~

_ T
S T

R \

70

32




WO 2018/031508 PCT/US2017/045826

8/11

156 )
\ \ (1




WO 2018/031508 PCT/US2017/045826

9/ 11

232
&

| 2360 U

FIG. 4B



WO 2018/031508

16/11

J36a

PCT/US2017/045826

3?’0

PCB

320

FI1G. 4C




WO 2018/031508

400
Na

i/ 11

402~

PROVIDE A PCB POPULATED WITH
ELECTRICAL COMPONENTS

’

404~

PRESS FIT A FASTENER TO THE
PCB

!

406~

DISPENSE TIM ONTO A HOUSING
STRUCTURE

!

408~

PRESS THE PCB ONTO THE TIM

'

409~

PRESS FIT THE FASTENER INTO
THE HOUSING STRUCTURE

FIG. 5

PCT/US2017/045826



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/045826

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO5K5/00 HO5K7/14
ADD.

HO5K9/00

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

B. FIELDS SEARCHED

HO5K

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, INSPEC, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

23 June 2005 (2005-06-23)
abstract
figures 1,4

abstract
figures 1-4

paragraph [0021] - paragraph [0026]

paragraph [0033] - paragraph [0040]

X US 2005/135073 Al (THORUM MICHAEL [US]) 1-16

A US 2013/242484 Al (SCHWEICHART ANDREAS 1-16
[DE] ET AL) 19 September 2013 (2013-09-19)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

13 November 2017

Date of mailing of the international search report

2171172017

Name and mailing address of the ISA/

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

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Knapczyk, Frédéric

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/045826
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2005135073 Al 23-06-2005 DE 102004055525 Al 08-09-2005
US 2005135073 Al 23-06-2005
US 2013242484 Al 19-09-2013 CN 103313562 A 18-09-2013
CN 203219652 U 25-09-2013
DE 102012005101 Al 19-09-2013
FR 2988258 Al 20-09-2013
US 2013242484 Al 19-09-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report

