wo 2012/173654 A3 [N 000 00O O R

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/173654 A3

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

74

31

20 December 2012 (20.12.2012) WIPO I PCT
International Patent Classification:
HOIL 29/00 (2006.01)
International Application Number:
PCT/US2012/000259
International Filing Date:
30 May 2012 (30.05.2012)
Filing Language: English (84
Publication Language: English
Priority Data:
61497,47 15 June 2011 (15.06.2011) Us
13/506,110 27 March 2012 (27.03.2012) Us

Applicant (for all designated States except US): POWER
GOLD LLC [US/US]; 3131 East Muirwood Drive,
Phoenix, AZ 85048 (US).

Inventor; and

Applicant (for all designated States except US): WANG,
James Jen-Ho [US/US]; 3131 East Muirwood Drive,
Phoenix, AZ 85048 (US).

Agent: MISCHEN, Edward James; 4400 East Ridge-
wood Lane, Gilbert, AZ 85298-4015 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GF, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, 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.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, 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, FL, 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, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

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))

(88) Date of publication of the international search report:

21 February 2013

(54) Title: FLEXIBLE CIRCUIT ASSEMBLY AND METHOD THEREOF

>

FIG. 14

(57) Abstract: An embedded device (105) is assembled within a flexible circuit assembly (30) with the embedded device mid-plane
intentionally located in proximity to the flexible circuit assembly central plane (115) to minimize stress effects on the embedded
device. The opening (18), for the embedded device, is enlarged in an intermediate layer (10) to enhance flexibility of the flexible cir -

cuit

assembly.



INTERNATIONAL SEARCH REPORT International application No.
PCT/US 12/00259

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO1L 29/00 (2012.01)

USPC - 257/181; 257/E23.078
According to International Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
USPC: 257/181; 257/E23.078
IPC: HO1L 29/00 (2012.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 257/181; 257/E23.078
IPC: HO1L 29/00 (2012.01) (keyword limited - see search terms below)

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

PatBase (FullText); Google; Google Scholar

SeaTerms: flexible, rigid, circuit, board, substrate, layer, stack, plane, axis, intermediate, intervene, middle, pattern, mask, aperture, hole,
via, opening, embed, implant, through, connect, surface, edge, border, heat, thermal, temperature, sink, exchange, bend, fold, offset, cut.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011/0117703 A1 (Eckhardt et al.) 19 May 2011 (19.05.2011), entire document, especially 1-3,5,7,9,10,13,14
- abstract, Figs. 1A-1J, 3B, 5, para [0003], [0014], [0027], [0036), [0039], [0040), [0042], [0054],

Y [0056], {0060], [0061] 4,6,8, 11, 12, 24-31

X US 2007/0124916 A1 (Harding) 07 June 2007 (07.06.2007), entire document, especially 15-23

abstract, Fig. 11, para [0004], [0023], (0029], (0030], [0032], [0041], [0045], [0048], [0050], S —

Y [0051}, (0057} 31 -

Y US 2010/0072577 A1 (Nuzzo et al.) 25 March 2010 (25.03.2010), entire document, especially 4,25-30
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A US 2007/0108521 A1 (Dekker) 17 May 2007 (17.05.2007), entire document, especially abstract, | 1-31

para [0007], [0020], [0045], [0049], [0050]
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
see continuation sheet

O

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

O

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:
1-31 (Groups |, II, 1I).

4. I:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

EI The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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The following claim groups were found:
Group I: Claims 1-14, 25-31

Group ll: Claims 15-23

Group llI: Claims 24

Group IV: Claims 32-36

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: is drawn to a flexible circuit assembly, having an embedded device, comprising: an intermediate layer having an opening
configured for receiving an embedded device, said intermediate layer having a first and second surface, said embedded device having a
mid-plane plane; a first structure having a first layer and a second layer, said first layer of said first structure affixed to said first surface
of said intermediate layer, said first structure having intervening layers between said first tayer and said second layer, said first structure
having an opening through said first layer, through said second layer, and through said intervening layers, said opening concurrent with
said intermediate layer opening, and configured for embedding said embedded device; and a second structure having a first layer and a
second layer, said first layer of said second structure affixed to said second surface of said intermediate layer, said second structure
having intervening layers between said first layer and said second layer of said second structure, said second structure having a
opening for device target placement through said first layer, through said intervening layers, and terminating at said first layer of said
second structure, said opening of said second structure being concurrent with said opening of said intermediate layer opening and said
opening of said first structure, said embedded device placed through said opening of said second structure and having a first surface
affixed to said first layer of said second structure,said intermediate layer, said first structure, and said second structure in combination,
having a predetermined central plane; said mid-plane of said embedded device located in proximity to said central plane of said
intermediate layer.

Group |I: is drawn to a method of fabricating a laminated inductor core, suitable for embedding in a flexible circuit assembly, comprising
the steps of: a} patterning a first magnetic core layer; b} patterning a second magnetic core layer; c) forming said first magnetic core
layer; d) forming said second magnetic core layer; e) forming an air gap in said first magnetic core layer, f} forming an air gap in said
second magnetic core layer, wherein said air gap in said second magnetic core layer is offset from said air gap in said first magnetic
core layer; and g) laminating said first and second magnetic core layers.

Group 11 is drawn to a method of further enhancing flexibility in a flexible circuit assembly, comprising the steps of: a) providing a
flexible circuit assembly, b) predetermining a plurality of cut lines for said flexible circuit assembly; c) providing a plurality of termination
points for said piurality of cut lines; d) cutting said flexible circuit assembly along said each of said predetermined cut lines to
corresponding said termination points; and e) separating said flexible circuit assembly along at least one of said cut lines in an
expanding manner .

Group IV: is drawn to a circuit for powering a light emitting diode (LED) with an alternating current, comprising: a plurality of light emitting
diode pairs coupled in a serial configuration. each of said light emitting diode pairs having a first diode. said first diode having an anode
and a cathode. each of said light emitting dicde pairs having a second diode, said second diode having an anode and a cathode,
wherein said cathode of said first dicde is coupled to said anode of said second diode. wherein said cathode of said second diode is
coupled to said anode of said first diode; a first light emitting diode pair having an input at a juncture of said first diode anode and said
second diode cathode; a second light emitting diode pair have an input at a juncture of said first diode cathode and said second anode
cathode. a remainder of said plurality of said light emitting diode pairs coupled between said first light emitting diode pair and said
second light emitting diode pair; a transformer having a first output coupled to said input of said first light emitting diode pair and a
second output coupled to said input of said second light emitting diode pair; and 30 said transformer having a first input and a second
input, said first and second inputs configured for coupling to an alternating current source.

The inventions listed in the abovementioned groups do not relate to a single general inventive concept under PCT Rule 13.1 because,
under PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Groups |1V lack unity of invention, because even though the inventions of these groups require the technical feature of a flexible circuit
assembly, this technical feature is not a special technical feature as it does not make a contribution over the prior art in view of US
2007/0124916 A1 to Harding (07 June 2007), which discloses a flexible circuit assembly (para [0003)) or alternately in view of US
2010/0091501 A1 to Tan et al. (15 April 2010), which discloses a flexible circuit assembly (para [0012], [0013]).

Groups | and |l lack unity of invention, because even though the inventions of these groups require the technical feature of an inductor
core, these technical features are not special technical features as they do not make a contribution over the prior art in view of US
2007/0124916 A1 to Harding, which discloses an inductor core (abstract; para [0003], [0004]).

Groups | and IV lack unity of invention, because even though the inventions of these groups require the technical feature of an LED
device, these technical features are not special technical features as they do not make a contribution over the prior art in view of US
2010/0091501 A1 to Tan et al., which discloses an LED device (para [0012], [0013]}).

Groups I-IV therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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