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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
12 June 2008 (12.06.2008)

PO 0000 00

(10) International Publication Number

WO 2008/070673 A3

(51) International Patent Classification:
HOIR 12/00 (2006.01)

(21) International Application Number:
PCT/US2007/086394

(22) International Filing Date:

4 December 2007 (04.12.2007)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/868,535 4 December 2006 (04.12.2006) US
60/898,964 31 January 2007 (31.01.2007) US
60/891,192 22 February 2007 (22.02.2007) US
(71) Applicant (for all designated States except US):

NANONEXUS, INC. [US/US];
enue, San Jose, CA 95134 (US).

2520 Junction Av-

(72) Inventors; and

(75) Inventors/Applicants (for US only): CHONG, Fu,
Chiung [MY/US]; 19743 Glen Brae Drive, Saratoga, CA
95070 (US). BOTTOMS, W. R. [US/US]; 3101 Alexis
Drive, Palo Alto, CA 94304 (US). CHIEH, Erh-kong

(74)

(81)

(34)

[US/US]; 10333-A Degas Court, Cupertino, CA 95014
(US). LITZA, Anna [US/US]; 20350 Stevens Creek Blvd.
#306, Cupertino, CA 95014 (US). MCKAY, Douglas, L.
[US/US]; 2039 Cirone Way, San Jose, CA 95124 (US).
MILTER, Roman, L. [US/US]; 125 Cambon Drive Apt
11-D, San Francisco, CA 94132 (US). LI, Sha [CN/US];
1590 Thornleaf Way, San Jose, CA 95131 (US).

Agents: GLENN, Michael, A. et al.; Glenn Patent Group,
3475 Edison Way, Ste L., Menlo Park, CA 95025 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
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, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

PROBE CARD ASSEMBLIES

(54) Title: CONSTRUCTION STRUCTURES AND MANUFACTURING PROCESSES FOR INTEGRATED CIRCUIT WAFER

8/070673 A3 I L0 00O 00 OO R

|._.._.uu.:.u._.._.u DuuuuuuuuL/\SSTestHead
; T ' Structure
i 33 Stlffengf Plate 1 J 10
Mother Board' 35 Electrical Trace ;
12 Pat an-Out |
44b z 92, 46b, 35 34F (A8b |
TN | / \h\ ) l \ A :
[ { | 42
14{ kA] N S 24 Upper Interface
44a \ - 16 Central Structure
ff ﬁ S | n P
c t18t Stop5 0 5 46a § g 36 top Lower Interface
A(s):ez‘fb(l)}r, Conlactor
Substrate VoA 7-Axis
-Axis
10267 2@ Pads 25~ 427
20— |
Semiconductor K 23
Wafer F 1 g . 1 X-Axis

(57) Abstract: Enhanced microfabricated spring contact structures and associated methods, e.g. such as for electrical contactors

& and interposers, comprise improvements to spring structures that extend from the substrate surface, and/or improvements to struc-
& tures on or within the support substrate. Improved spring structures and processes comprise embodiments having selectively formed
and etched, coated and/or plated regions, which are optionally further processed through planarization and/or annealment. Enhanced
solder connections and associated processes provide a gap between substrates for componentry, and or improved manufacturing
techniques using distributed spacers. Enhanced probe card assembly structures and processes provide improved planarization ad-

justment and thermal stability.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO1R 12/00 (2008.04)
USPC - 324/762

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

B.  FIELDS SEARCHED

IPC(8) - HO1R 12/00 (2008.04)

Minimum documentation searched (classification system followed by classification symbols)

USPC - 324/754-762; 427/97.9,99.5,304-306,430.1,435-438,498; 439/65-75

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)

USPTO EAST System (US, USPG-PUB, EPQO, JPO, DERWENT), DialogPro, IEEExplore, GoogleScholar

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2004/0223309 A1 (HAEMER et al) 11 November 2004 (11.11.2004) entire document 16-20, 23, 33
Y ' 1-10, 21, 22, 24-30,
- 40-44
A -
31,32
Y US 6,347,947 B1 (ONG) 19 February 2002 (19.02.2002) entire document 1-10
Y US 5,944,537 A (SMITH et al) 31 August 1999 (31.08.1999) entire document 11-14
A 15
Y US 6,476,626 B2 (ALDAZ et al) 05 November 2002 (05.11.2002) entire document 11-14
Y US 6,285,563 B1 (NELSON et al) 04 September 2001 (04.09.2001) entire document 21,22
Y US 6,281,592 B1 (MURAYAMA) 28 August 2001 (28.08.2001) entire document 24-30
Y US 6,329,713 B1 (FARQUHAR et al) 11 December 2001 (11.12.2001) entire document 27,28

Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

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

“E” ecarlier application or patent but published on or afier 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)

“0” document referring to an oral disclosure, use, exhibition or other .
means

“pP”  document published prior to the intemational filing date but later than

the priority date claimed

“T”  later document published afier 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

21 July 2008

Date of mailing of the international search report

28 JUL 2008

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
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Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 6,245,444 B1 (MARCUS et al) 12 June 2001 (12.06.2001) entire document 34-44

Y US 4,000,045 A (ROTZOW) 28 December 1976 (28.12.1976) entire document 34-39

Y US 6,428,673 B1 (RITZDORF et al) 06 August 2002 (06.08.2002) entire document 42

A US 6,917,525 B2 (MOK et al) 12 July 2005 (12.07.2005) entire document 1-44
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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 intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. r_—] 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 intemnational application, as follows:

See extra sheet.

=

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. D 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.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this intemational 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.

D 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.

M No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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Continuation of Box iii.

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 | (Claims 1-10) drawn to a structure or process including a connection structure for a probe chip assembly with at least two solder
regions with different melting points.

Group It (Claims 11-15) drawn to a method including constraining the tips of elastic core members using spacers and controllably
heating the core members through repeated cycles of deflection and plastic deformation.

Group Il (Claims 16-33) drawn to a probe card assembly or process including a motherboard and a daughter card in which a plurality of
mechanical connectors provide for adjustable distance between the motherboard and daughter card or between a stiffener and a central
structure.

Group IV (Claims 34-39) drawn to a process including plating immersed spring probes.

Group V (Claims 40-44) drawn to a process including steps of sputtering, plating, and stripping spring structures.

The inventions listed as Groups |, 11, 1ll, IV and IV 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: the special technical
feature of the Group | invention: at least two solder regions with different melting points as claimed therein is not present in the invention
of Groups II, 1ll, IV or V. The special technical feature of the Group Il invention: constraining the tips of elastic core members using
spacers and controllably heating the core members through repeated cycles of deflection and plastic deformation as claimed therein is
not present in the invention of Groups |, 1lI, IV or V. The special technical feature of the Group Ill invention: a plurality of mechanical
connectors which provide for adjustable distance between the motherboard and daughter card or between a stiffener and a central
structure as claimed therein is not present in the invention of Groups I, Il, IV or V.  The special technical feature of the Group IV
invention: a process including plating immersed spring probes as claimed therein is not present in the invention of Groups I, II, Il or V.
The spacial technical feature of the Group V invention: a process Including steps of sputtering, plating, and stripping spring structures
as claimed therein is not present in the invention of Groups |, Il, Il or IV.

While some of the groups are related in terms of reciting probe chips this is not novel and thus not a unifying feature (see Mok US
6,917,525). Whils groups IV and V both cite plating steps they are divergent in that group IV involves immersion plating while group V
deals with plating in combination with sputtering and stripping (spring plating alone is not a unifying feature since it was known to the
prior art {see for example US 6,624,648 column 13, lines 13-22).

Since none of the special technical features of the Group |, 11, lll, IV or V inventions are found in more than one of the inventions, unity of
invention is lacking.
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