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15 (|FORMFACTOR, INC. aDelaware - Case No.,
~ || corporation,
16
Plaintiff, COMPLAINT FOR PATENT
17 INFRINGEMENT; DEMAND
18 V. FOR JURY TRIAL
19 || MICRONICS JAPAN CO., LTD. , 2 |
~|{Tapanese corporation; and, MJIC
20 ||ELECTRONICS CORP. . a Delaware
corporation,
21
22 - Defendants.
23 .
.24 Plaintiff FormFactor, Inc. (“FormFactor™), by and through its attomeys, alleges as-
25 |t follows:
26 JURISDICTION
27 1.~ This is a civil action for patent infringement, injunctive relief, and damages |
28 ||arising under the United States Patent Act, 35 US.C. §§ 1 et seq. This Court has
: ’ 1 | | _ COMPLAINT
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jurisdiction pursuant to 28 U.S.C. §§ 1331 and 1338(a). This Court also has personal
jurisdiétion over both defendants. Upon information and belief, Defendants are doing
business in this Judicial District, as discussed in more detail herein. Requiring
Defendants to respond to this action will not violate due process. Defendants are subject
to the personal jurisdiction of this Court and are amenable to service of process pursuant
to Fed. R, Civ. P. 4(e).

2. Venue is proper in this Judicial District pursuant to 28 U.S.C. §§ 1391(b),
(c), (d) and/or 1400(b). Defendants reside within this Judicial District and have a regular
and established place of business within this District.

INTRADISTRICT ASSIGNMENT

3. This is an action for patent infringement; therefore, pursuant to Civil L.R. 3-

2(c), it may be assigned on a district-wide basis.
THE PARTIES

4. FormFactor is a Delaware corporation having a principal place of business at

7005 Southfront Road, Livermore, California.

5. FormFactor is informed and believes, and on that basis alleges that
Defendant Micronics Japan Co., Litd. (“MJC”) is a Japanese corporation headquartered in
Tokyo, Japan. MJC maintains a facility at 1460 Tully Road, Suite 603, San Jose,
California.

6. FormFactor is informed and believes, and on that basis alleges that
Defendant MJC Electronics Corp. (“MJC Electronics™) is an affiliated company of MJC
with its head office located at 2621 Ridgepoint Drive, Suite 100, Austin, Texas. MJC
Electronics maintains a facility at 1460 Tully Road, Suite 603, San Jose, California.

7. FormFactor is informed and believes, and on that basis alleges that
Defendants have ongoing and systematic contacts with this Judicial District and the
United States. Defendants have placed wafer probe cards infringing the patents-in-suit in
the stream of commerce, knowing and expecting that such products would end up in this

Judicial District.
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GENERAL ALLEGATIONS

8. FormFactor is a leading designer and manufacturer of wafer probe cards that

are used by semiconductor manufacturers in the testing of semiconductors. In the wafer
test phase of semiconductor manufacturing, the probe card electrically links a
semiconductor tester with the bonding pads of each integrated circuit chip formed on a
silicon wafer.

9. FormFactor is the assignee and owner of all right, title and interest to
numerous United States Patents relating to its wafer probe card technology. These
patents include United States Patent Nos. 6,246,247 (the *’247 patent”), 6,509,751 (the
“*751 patent”), 6,624,648 (the *’648 patent”), and 7,073,254 (the “’254 patent”)
(collectively, the “patents-in-suit™).

10. The ‘247 patent, entitled “Probe Card Assembly and Kit, and Methods of
Making Same,” was duly and legally issued on June 12, 2001. A true and correct copy of
the ‘247 patent is attached hereto as Ex. 1. The ‘247 patent is valid, remains in force, and
is owned by FormFactor.

11. The ‘751 patent, entitled “Planarizer For A Semiconductor Contactor,” was
duly and legally issued on January 21, 3003. A true and correct copy of the “751 patent is
attached hereto as Ex. 2. The ‘751 patent is valid, remains in force, and is owned by
FormFactor.

12. The ‘648 patent, entitled “Probe Card Assembly,” was duly and legally
issued on September 23, 2003. A true and correct copy of the ‘648 patent is attached
hereto as Ex. 3. The ‘648 patent is valid, remains in force, and 1s owned by FormFactor,

13.  The ‘254 patent, entitled “Method For Mounting A Plurality Of Spring
Contact Elements,” was duly and legally issued on July 11, 2006. A true and correct
copy of the ‘254 patent is attached hereto as Ex. 4. The ‘254 patent is valid, remains in
force, and is owned by FormFactor.

14.  FormFactor has placed the required statutory notice on certain of the

products it manufactures and sells, including one or more of the patents-in-suit.
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15. MIC’s business includes the design, manufacture and sales of semiconductor
test equipment, including wafer probe cards. MJC’s business includes a world-wide
network of affiliate companies, including MJC Electronics.

16. MIC’s products include products incorporating its “U Probe” series of probe
card springs and space transformers and interposers.

FIRST CLAIM: INFRINGEMENT OF U.S. PATENT NO.
6,246,247
17. FormFactor repeats the allegations of paragraphs 1-16 above as though fully

set forth herein.

18. By virtue of its ownership of the ‘247 patent, FormFactor has the right to sue
thereon and the right to recover for infringement thereof,

19.  FormFactor is informed and believes, and on that basis alleges that
Defendants have, individually or in concert with one another, directly infringed, actively
induced infringement of, and/or contributorily infringed the ‘247 patent in violation of 35
U.S.C. §§ 271(a)-(c) by making, selling, offering for sale, and using wafer probe card
devices including, without limitation, Defendants' interposers and space transformers
embodying the patented inventions of the ‘247 patent, and will continue to do so unless
enjoined by this Court.

20. FormFactor is informed and believes, and on that basis alleges that
Defendants’ infringement is willful and deliberate.

21. Defendants’ aforesaid acts of infringement have injured and violated the
rights of FormFactor in an amount to be determined at trial. Further, by these acts,
Defendants have irreparably injured FormFactor, and such injury will continue unless
enjoined by this Court.

SECOND CLAIM: INFRINGEMENT OF U.S. PATENT
| NO. 6,509.751
22.  FormFactor repeats the allegations of paragraphs 1-16 above as though fully

set forth herein.
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23. By virtue of its ownership of the ‘751 patent, FormFactor has the right to sue
thereon and the right to recover for infringement thereof.

24, FormFactor is informed and believes, and on that basis alleges that
Defendants have, individually or in concert with one another, directly infringed, induced
infringement of, and/or contributorily infringed the ‘751 patent in violation of 35 U.S.C.
§8§ 271(a)-(c) by making, selling, offering for sale, and using wafer probe card devices
including, without limitation, Defendants' wafer probe cards incorporating the “U probe”
springs that embody the patented inventions of the ‘751 patent, and will continue to do so
unless enjoined by this Court.

25. FormFactor is informed and believes, and on that basis alleges Defendants’
infringement is willful and deliberate.

26. Defendants’ aforesaid acts of infringement have injured and violated the
rights of FormFactor in an amount to be determined at trial. Further, by these acts,
Defendants have irreparably injured FormFactor, and such injury will continue unless
enjoined by this Court.

THIRD CLAIM: INFRINGEMENT OF U.S. PATENT NO.
6,624,648
27. FormFactor repeats the allegations of paragraphs 1-16 above as though fully

set forth herein.

28. By virtue of its ownership of the ‘648 patent, FormFactor has the right to sue
thereon and the right to recover for infringement thereof.

29. FormFactor is informed and believes, and on that basis alleges that
Defendants have, individually or in concert with one another, directly infringed, induced
infringement of, and/or contributorily infringed the ‘648 patent in violation of 35 U.S.C.
§§ 271(a)-(c) by making, selling, offering for sale, and using wafer probe card devices
including, without limitation, Defendants' interposers and space transformers embodying
the patented inventions of the ‘648 patent, and will continue to do so unless enjoined by

this Court.
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30. FormFactor is informed and believes, and on that basis alleges that
Defendants’ infringement is willful and deliberate.

31. Defendants’ aforesaid acts of infringement have injured and violated the
rights of FormFactor in an amount to be determined at trial. Further, by these acts,
Defendants have irreparably injured FormFactor, and such injury will continue unless
enjoined by this Court.

FOURTH CLAIM: INFRINGEMENT OF U.S. PATENT
NO. 7,073,254
32. FormFactor repeats the allegations of paragraphs 1-16 above as though fuily

set forth herein.

33. By virtue of its ownership of the ‘254 patent, FormFactor has the right to sue
thereon and the right to recover for infringement thereof.

34. FormFactor is informed and believes, and on that basis alleges that
Defendants have, individually or in concert with one another, directly infringed, actively
induced infringement of, and/or contributorily infringed the ‘254 patent in violation of 35
U.S.C. §§ 271(a)-(c) by making, selling, offering for sale, and using wafer probe card
devices including, without limitation, Defendants' wafer probe cards incorporating the “U
probe” springs embodying the patented inventions of the ‘254 patent, and will continue to
do so unless enjoined by this Court.

35. FormFactor is informed and believes, and on that basis alleges that
Defendants have, individually or in concert with one another infringed the *254 patent in
violation of 35 U.S.C. § 271(g) by importing into the United States, and offering to sell,
selling, or using wafer probe cards made according to the patented inventions of the “254
patent and will continue to do so unless enjoined by this Court.

36. FormFactor is informed and believes, and on that basis alleges Defendants’
infringement is willful and deliberate.

37. Defendants’ aforesaid acts of infringement have injured and violated the

rights of FormFactor in an amount to be determined at trial. Further, by these acts,
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Defendants have irreparably injured FormFactor, and such injury will continue unless

enjoined by this Court.
PRAYER FOR RELIEF
WHEREFORE, FormFactor requests that the Court enter judgment in its favor and

against Defendants and each of them as follows:

1. That Defendants be held to have infringed the 247, “751, ‘648, and ‘254
patents.

2. That Defendants, their subsidiaries, affiliates, parents, successors, assigns,
officers, agents, servants, employees, attorneys, and all persons acting in concert or in
participation with them, or any of them, be temporarily and preliminarily enjoined during
the pendency of this action, and permanently enjoined thereafter from infringing,
contributing to the infringement of, and inducing infringement of the 247, “731, ‘648,
and ‘254 patents, and specifically from directly or indirectly making, using, selling, or
offering for sale, any products or services embodying the inventions of the patent-in-suit
during the life of the claims of the 247, *751, ‘648, and “254 patents.

3. That Defendants be directed to fully compensate FormFactor for all damages
attributable to Defendants’ infringement of the 247, “751, ‘648, and ‘254 patents in an
amount according to proof at trial.

4, That this case be deemed exceptional and that enhanced damages be
awarded to FormFactor pursuant to 35 U.S.C. § 284.

5. That FormFactor be awarded reasonable attorneys’ fees pursuant to 35
U.S.C. § 285.

6. That Defendants be ordered to deliver to FormFactor, for destruction at

FormFactor’s option, all products that infringe the one or more of patents-in-suit.

7. That an accounting be awarded to FormFactor.
8. That supplemental damages be awarded to FormFactor.
7.  That FormFactor be awarded the costs of suit, and an assessment of interest,

including prejudgment interest.
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8. That FormFactor have such other, further, and different relief as the court

deems proper under the circumstances.

Dated: November 15, 2006

5585.1

/ Vil /]

William J. Ro
FOLEY & L NER LLP

Attorneys for
FORMFACTOR, INC.
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DEMAND FOR JURY TRIAL
Pursuant to F.R.Civ.P. 38, FormF actor demands tral py jury.

;f’f,f { ”/

Dated: November 15, 2006 :;b, e i ;,;

5585.1

William J. R inson
FOLEY &; RDNER LLP

Attorneys for
FORMFACTOR, INC.

COMPLAINT




Case3:06-cv-07159-JSW Documentl Filed11/17/06 PagelO of 40

EXHIBIT 1



(12)

Case3:06-cv-0%gmo-Jsw Dot IHINE "%M@Mﬁ’wfwwﬂ“&mﬂw I

United States Patent
Eldridge et al.

US 6,246,247 B1
Jun. 12, 2001

(10) Patent No.:
(45) Date of Patent:

(54)

(73

(73)
(*)

(a1
(22)

(62)

(51
(52)
58

(56)

PROBE CARD ASSEMBLY AND KIT, AND
METHODS OF USING SAME

Inventors: Benjamin N. Eldridge, Danville; Gary
W. Grube, Pleasanton; Igor Y.
Khandros, Orinda; Gaetan L.
Mathieu, Dublin, all of CA (US)

Assignee:  FormFactor, Ine,, Livermore, CA (US)

Subject o any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

Notice:

Appl. No.: 09/156,957
Filed: Sep. 18, 1998

Related U.S. Application Data

Division of application No. 08/554,902, filed on Nov. 3,
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tion No. 08/340,144, filed on Nov. 15, 1994, now Pat. No.
5,917,707, which is a continuation-in-part of application No.
08/152,812, filed as application No. PCT/1J554/13373 on
Naov. 16, 1994, now Pat. No. 5,476,211,
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A probe card assembly includes a probe card, a space
transformer having resilient contact siruciures (probe
elements) mounted directly thereto {ie., without the need for
additional connecting wires or the like) and extending {rom
terminals on a surface thercof, and an inferposer disposed
between the space transformer and the probe card. The space
transformer and interposer are “stacked up” so that the
orientation of the space transformer, hence the orientation of
the tips of the probe elements, can be adjusted without
changing the orientation of the probe card. Suitable mecha-
nisms for adjusting the orientation of the space transformer,
and for determining whai adjustments to make, are dis-
closed. The interposer has resilient contact structures
extending from both the top amd bottom surfaces thereof,
and ensures that electrical conpections are maintained
between the space transformer and the probe card throagh-
out the space transformer’s range of adjustment, by virtue of
the interposer’s inherent compliance. Multiple die sites on a
semiconductor wafer are readily probed using the disciosed
technigues, and the probe elements can be arranged to
optimize probing of an entire wafer. Composite intercon-
nection elements having a relatively soft core overcoated by
a relatively hard shell, as the resilient contact structures are
described.
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1

PROBE CARD ASSEMBLY AND KIT, AND
METHODS OF USING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is a divisional of commonly-
owped U.S. pateni application Ser. No. 08/554,902, filed
Nov, 9, 1993, now U.S. Pat. No. 5,974,662, which is 2
continuation-in-part of U.S. palent application Ser. No.
08/452,255, filed May 26, 1995, now abandoned which is 2
continuation-in-part of U.S. patent application Ser. No.
0R/340,144, filed Nov. 15, 1994, now U.S. Pat. No. 5,917,
707, and its counterpart PCT patent application number
PCT/US894/13373, filed Nov. 16, 1994 (published May 26,
1995 as WO 95/14314), both of which are continuations-
in-part of U.S. patent application Ser. No. 08/152,812, filed
Nov. 16, 1993, now U.S. Pal. No. 5,476,211,

TECHNICAL FIELD GF THE INVENTION

The invenlion relates {0 making temporary, pressure con-
nections between electronic componeats and, more
particularly, to techniques for performing test and burn-in
procedures on semiconductor devices prior to their
packaging, preferably prior fo the individual semiconductor
devices being singulated from a semiconductor wafer.

BACKGROUND OF THE INVENTION

Individual semiconductor (integrated circuit) devices
(dies) are typically produced by creating several identical
devices on a semiconductor wafer, using know techniques of
photolithography, deposition, and the like. Generally, these
processes are intended to creale a plurality of fully-
functional integraled circuit devices, prior to singulating
(severing) the individual dies from the semiconductor wafer.
In practice, however, certain physical defects ia the wafer
itself and certain defects in the processing of the wafer
inevitably lead to some of the dies being “good” (fully-
functional) and some of the dies being “bad” (non-
functiogal). 1t is generally desirable to be able to identify
which of the plurality of dies on & wafer ate good dies prior
to their packaging, and preferably prior to their being
singulated from the wafer. To this end, a wafer “tester” or
“arober” may advantageously be employed to make a plu-
rality of discrete pressure connections 1o a like plurality of
discrete connection pads (bond pads) on the dies. In this
manner, the semicenducior dies can be tested and exercised,
prior to singulating the dies from the wafer. A conventional
component of a wafer tester is a “probe card” to which &
plurality of probe elements are connected—lips of the probe
elements efiecting the pressure connections to the respective
- bond pads of the semiconductor dies.

Certain difficulties are inheremt in any techmique for
probing semiconductor dies. For example, modern inte-
grated circuits include many thousands of trassistor ele-
menls requiring many hundreds of bond pads disposed in
close proximity 1o one another (2.g., 3 mils center-to-center).
Moreover, the layout of the bond pads need not be limited
to single rows of bond pads disposed close to the peripheral
edges of the die (See, e.g., US. Pal. No. 5,453,583).

To effeci reliable pressure connections between the probe
elements and the semiconductor die one must be concerned
with several parameters including, bul not limited to:
alignment, probe force, averdrive, contact force, balanced
contact force, scrub, contact resisiance, and planarization. A
general discussion of these parameters may be found in U.S.
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Pat. No. 4,837,622, entitled HIGH DENSITY PROBE
CARD, incorporated by reference herein, which discloses a
high density epoxy ring probe card including a unitary
printed circuit board baving a central opening adapted 1o
receive a preformed epoxy ring array of probe elements.

Generally, prior art probe card assemblies include a
plurality of tungster needles extending as cantilevers from a
serface of a probe card. The tungsten needles may be
mounied in any suifable manner to the probe card, such as
by the intermediary of an epoxy ring, as discussed berein-
above. Generally, in any case, the needles are wired fo
terminals of the probe card throngh the intermediary of a
separate and distinet wire connecting the needles o the
terminals of the probe card.

Probe cards are typically formed as circular rings, with
hundreds of probe elements (needles) extending from an
inner periphery of the ring {and wired to terminals of the
probe card). Circuit modules, and conductive traces (lines)
of preferably equat length, are associated with each of the
probe elements. This ring-shape layout makes it difficuit,
ar<d in some cases impossibie, to probe a plurality of
unsingulated semiconductor dies (multiple sites) on a wafer,
especially when the bond pads of each semiconductor die
are arranged in other than two linear arrays aleng two
opposite edges of the semiconductor die.

Wafer testers may alternately employ a probe membrane
having a central coatact bump area, as is discussed in U.S.
Pat. No. 5,422,574, entitled LARGE SCALE PROTRU-
SION MEMBRANE FOR SEMICONDUCTOR DEVICES
UNDER TEST WITH VERY HIGH PIN COUNTS, incor-
porated by reference herein. As noted in this patent, “A test
system typically comprises a test controlier for executing
and controlling a series of test programs, a waler dispensing
system for mechanically handling and positioning wafers in
preparation for testing and a probe card for maintaining an
accurate mechaaical contact with the device-under-test
(DUD.” {column 1, lines 41-46).

Additional references, incorporated by reference herein,
as indicative of the state of the art in testing semicenductor
devices, include U.S. Pal. Nos. 5,442,282 (TESTING AND
EXERCISING INDIVIDUAL UNSINGULATED DIES ON
A WAFER); US. Pal. No. 5,382,898 (HIGH DENSITY
PROBE CARD FOR TESTING ELECTRICAL
CIRCUITS); U.S. Pat. No. 5,378,982 TEST PROBE FOR
PANEL HAVING AN OVERLYING PROTECTIVE MEM-
BER ADJACENT PANEL CONTACTS); U.S. Pat. No.
5,339,027 (RIGID-FLEX CIRCUITS WITH RAISED FEA-
TURES AS IC TEST PROBES); U.S. Pat. No. 5,180,977
(MEMBRANE PROBE CONTACT BUMP COMPLI-
ANCY SYSTEM); U.S. Pat. No. 5,066,907 (PROBE SYS-
TEM FOR DEVICE AND CIRCUIT TESTING); U.S. Pat.
No. 4,757,256 (HIGH DENSITY PROBE CARD); U.S. Pat.
No. 4,161,692 (PROBE DEVICE FOR INTEGRATED
CIRCUIT WAFERS); and U.S. Pal. No. 3,990,689
{ADJUSTABLE HOLDER ASSEMBLY FOR POSITION-
ING A VACUUM CHUCK).

Generally, interconmections between electronic compo-
nents can be classified into the two broad categories of
“relatively permanent” and “readily demountable”.

An example of a “relatively permanent” connection is a
solder joint. Once two compenenis are soldered te one
another, a process of unsoldering must be used {o separate
the components. A wire bond is another example of a
“relatively permanent” connection.

An example of a “readily demountable” connection is
rigid pins of one electronic component being received by



Case3:06-cv-07‘-JSW Documentl FiIedll/l?b Page26 of 40
US 6,246,247 Bl

3

resilient socket elements of another electronic component.
The socket elements exert a contact force {pressure) on the
pins in an amount sufficient to ensure a reliable electrical
connection therebetween.

Interconnection elemenis intended to nyake pressure con-
tact with terminals of an electronic component are referred
to herein as “springs” or “spring elements”. Generally, a
cerlain minimum conlact force is desired to effect reliable
pressure contact (o elecironic components (e.g., to terminals
on electronic components). For example, a contact (load)
force of approximately 15 grams (including as little as 2
grams or less and as much as 150 grams or more, per
contact) may be desired to ensure that a reliable electrical
connection is made to a terminal of an electronic component
which may be contaminated with films on its surface, or
which has corrosion or oxidation products on its surface.
The minimum contact force required of each spring
demands either that the yield strength of the spring material
or that the size of the spring clement are increased. As a
general proposition, the higher the yield strength of a
material, the more difficult it will be 1o work with (e.g.,
punch, bend, etc.). And the desire to make springs smaller
essentially rules out making them larger in cross-section.

Probe elements are a class of spring elements of particular
relevance to the present invention, Prior art probe elements
are commonly fabricated from tungsien, a relatively hard
(high yield strength) material. When it is desired to mount
such relatively hard materials to terminais of an electronic
component, relatively “hostile” (¢.g., high temperature} pro-
cesses such as brazing are required. Such “hostile” processes
are generally not desirable (and often not feasible) in the
context of certain relatively “fragile” electronic components
such as semiconductor devices. In contrast thereto, wire
bonding is an example of a relatively “friendly” processes
which is much less poteatially damaging o fragile electronic
components than brazing. Soldering is another example of 2
relatively “friendly” process. However, both solder and gold
are relatively soft (low vield strength) materials which will
not function well as spring elements.

A subtle problem associated with interconnection
¢lements, including spring contacts, is that, often, the ter-
minals of an electronic component are not perfectly copla-
nar. Interconnection elements lacking in some mechanism
incorporated therewith for accommodating these “foler-
ances” (gross non-planarities) will be hard pressed to make
consistent contact pressure contact with the terminals of the
electronic component,

The following U.S. Patents, incorporated by reference
herein, are cited as being of general interest vis-a-vis making
connections, particularly pressire connections, to electronic
components: U.S. Pat. No. 5,386,344 (FLEX CIRCUIT
CARD ELASTOMERIC CABLE CONNECTOR
ASSEMBLY); U.S. Pat. No. 5,336,380 (SPRING BIASED
TAPERED CONTACT ELEMENTS FOR ELECTRICAL
CONNECTORS AND INTEGRATED CIRCUIT
PACKAGES), U.S. Pat. No. 5,317,479 (PLATED COM-
PLIANT LEADY; U.S. Pat. Ne. 5,086,337 (CONNECTING
STRUCTURE OF ELECTRONIC PART AND ELEC-
TRONIC DEVICE USING THE STRUCTURE); U.S. Pat.
No. 5,067,007 (SEMICONDUCTOR DEVICE HAVING
LEADS FOR MOUNTING TO A SURFACE OF A
PRINTED CIRCUIT BOARD); U.S. Pat. No. 4,989,069
(SEMICONDUCTOR PACKAGE HAVING LEADS THAT
BREAK-AWAY FROM SUPPORTS); U.S. Pat. No. 4,893,
172 {CONNECTING STRUCTURE FOR ELECTRONIC
PART AND METHOD OF MANUFACTURING THE
SAME); U.S. Pat. No. 4,793,814 (ELECTRICAL CIRCUIT
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BOARD INTERCONNECT); U.S. Pat. No. 4,777,564
(LEADFORM FOR USE WITH SURFACE MOUNTED
COMPONENTS); US. Pat. No. 4,764,848 (SURFACE
MOUNTED ARRAY STRAIN RELIEF DEVICE); US.
Pat. No. 4,667,219 (SEMICONDUCTOR CHIP
INTERFACE); US. Pat. No. 4,642,889 (COMPLIANT
INTERCONNECTION AND METHOD THEREFOR);
U.S. Pal. No. 4,330,165 (PRESS-CONTACT TYPE
INTERCONNECTORS); U.S. Pat. No. 4,295,700
(INTERCONNECTORS); U.S. Pat. No. 4,067,104
(METHOD OF FABRICATING AN ARRAY OF FLEX-
IBLE METALLIC INTERCONNECTS FOR COUPLING
MICROELECTRONICS COMPONENTS); U.S. Pat. No.
3,795,037 (ELECTRICAL CONNECTOR DEVICES); USS.
Pat. No. 3,616,532 (MULTILAYER PRINTED CIRCUIT
ELECTRICAL INTERCONNECTION DEVICE); and U S.
Pat. No, 3,509,270 (INTERCONNECTION FOR PRINTED
CIRCUITS AND METHOD OF MAKING SAME).

BRIEF DESCRIPTION (SUMMARY) OF THE
INVENTION

It 15 an object of the present invention to provide a
technique for probing semiconductor devices, particularly
while they are resident on a semiconductor wafer.

It is another object of the present invention to provide a
technigue for probing semiconductor devices that allows the
tips of the probe elements to be oriented without changing
the position of the probe card.

It is another object of the present invention to provide an
improved spring element (resilient contact structure) that
can be mounted directly o a lerminal of an electronic
compenent.

It is another object of the invention o provide intercon-
nection elements that are suitable for making pressure
contact to electronic components.

According fo the invention, & probe card assembly
includes a probe card (electronic component) having a top
surface, a bottom surface and a plurality of terminals on the
top surface thereof; an interposer (electronic compornent)
having a top surface, a bottom surface, a first plurality of
resilient contact structures extending from terminals on the
bottom surface thereof and a second plurality of comtact
structures exiending from terminals on the top surface
thereof; and a space transformer (electronic compenent)
having a op surface, a bottom surface, a plurality of comact
pads (terminals) disposed on the bottom surface thereof, and
a third plurality of resilient contact structures (probe
elemnents) cxtending from terminals on the fop surface
thereof.

The interposer is disposed between the top surface of the
probe card and the bottom surface of the space transformer,
and allows the orientation (planarity) of the space irans-
former to be adjusted without altering the orientation of the
probe card. A suitable mechanism for effecting this adjust-
ment of space transformer orientation, and a technique for
determining the correct orientation of the space transformer
are disclosed herein. In this manner, the tips (distal ends) of
the probe elements can be adjusted to ensure reliable pres-
sure contact between the tips of ihe probe elements and
corresponding bond pads (lerminals) of a semiconductor
device being probed.

Alternatively, a pluratity of resilient contact structures are
provided on the boftom surface of the space transformer
component (1.¢., fabricated on the terminals on the botiom
surface of the space iransformer), in lieu of the interposer
component, for making contact directly (i.e., without the
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intermediary of the inlerposer) to the terminais on the top
surface of the probe card.

Generally, the space transformer compenent permiis a
plarality of resilient contact structures extending from its fop
surface to make contact with lerminals of an electronic
comyponent (ie., bond pads on semiconductor devices) at a
relatively fine pitch (spacing), while connections to 1he
space transformer (i.c., to the bond pads or, alternatively,
resilient contact structures) on its bottom surface are effected
at a relatively coarser pitch.

According to an aspect of the invention, the space {rans-
former and interposer componenis of the prabe card assem-
bly may be provided as a “ki1”, adapted for use with 2 probe
card. Optionally, the mechanism for adjusting the orienizlion
of the space transformer can be inciuded in the “kit”,

According to an aspect of the invention, the resilient
contact siructures (probe clements) extending from the top
surface of the space transformer component are “composite
interconnection elements” (defined hereinbelow). In the
alternate case of resilient contact structures also extending
from the bottom surface of the space transformer, these may
be “composile interconnection elemenis” as well.

According to an aspect of the invention, the resilient
contact structures extending from the top and bottom sur-
faces of the interposer component are “composite intercon-
nection elements” (defined hereinbelow).

According 1o an aspect of the invention, the probe ele-
ments (resilient contact structures extending from the fop
surface of the space transformer component) are preferably
formed as “composite interconnection elements” which are
fabricated directly upon the terminals of the space traps-
former component of the probe card assembly. The “com-
posite” (multilayer) interconnection element is fabricated by
mounting an elongate element {(“core™) to an electronic
component, shaping the core {o have a spring shape, and
overcoating the core to enhance the physical (e.g., spring)
characteristics of the resuliing composite interconnection
element and/or to securely anchor the resulting composite
interconnection element to the electronic component. The
resilient contact struciures of the interposer component may
also be formed as composite interconnection elements.

The use of the term “composite”, throughout the descrip-
tion set forth herein, is consistent with a ‘generic’ meaning
of the term (e.g., formed of two or more elements), and is not
to be confused with any usage of the term “composite” in
other fields of endeavor, for example, as it may be applied
to materials such as glass, carbon or other fibers supported
in a matrix of resin or the like.

As used herein, the term “spring shape” refers to virtually
any shape of an elongate element which will exhibit elastic
(restorative) movement of an end (tip) of the elongate
element with respect to a force applied to the tip. This
includes elongate elements shaped to have one or more
bends, as well as substantially straight elongate elements.

As used herein, the terms “contact area”, “terminal”,
“pad”, and the like refer to any conductive area on amy
electronic component to which an inferconnection element is
mounted or makes contact.

Alternatively, the core is shaped prior to mounting fo an
electronic component.

Alternatively, the core is mounted 1o or is a part of a
sacrificial subsirate which is not an electronic component.
The sacrificial substrate is removed after shaping, and either
before or after overcoating. According to an aspect of the
invention, tips having various {opographies can be disposed
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a1 the contact ends of the interconnection elements. (See also
FIGS. 11A-11F of the PARENT CASE.}

In an embodiment of the nvention, the core Is a “soft”
material having a relatively low yield strength, and is
overcoated with a “hard” material having & relatively high
vicld sirength. For example, a soft material such as a gold
wire 1s attached (e.g., by wire bonding} to a bord pad of a
semiconductor device and is overcoated (e.g., by eleciro-
chemical plating) with a hard material such nickel and its
alloys.

Vis-a-vis overcoating the core, single and multi-layer
overcoatings, “rough”™ overcoalings having microprotru-
sions (see also FIGS. 5C and 5D of the PARENT CASE),
ard overcoatings extending the entire length of or only a
portion of the length of the core, are described. In the latter
case, the tip of the core may suitably be exposed for making
cogtact to an electronic component (see also FIG. §B of the
PARENT CASE).

Generally, throughout the description set forth herein, the
term “plating” is used as exemplary of a number of tech-
niques for avercoating the core. It is within the scope of this
mvention that the core can be overcoated by any suitable
technique including, but not limited to: various processes
mvolving deposition of materials out of aquecus solutions;

electrolytic plating; clectroless plating; chemical vapor
deposition (CVD); physical vapor deposition (PVD); pro-
cesses cansing the deposition of materials through induced
disintegration of liquid or solid precursors; and the like, all
of these techniques for depositing materials being generally
well known.

Generally, for overcoating the core with a metallic mate-
rial such as nickel, electrochemical processes are preferred,
especially electroless plating,

In another embodiment of the invention, the core is an
elongate elernent of a “hard” material, inherently suilable to
functioning as a spring clement, and is mounted at one end
to a terminal of an electronic component. The core, and at
least an adjacent arca of the terminal, is overcoated with a
material which will enhance anchoring the core to the
terminal. In this manner, it is not necessary thal ithe core be
well-mounted 1o the terminal prior to overcoaling, and
processes which ate less potentially damaging to the elec-
tronic compenent may be employed to “tack” the core in
ptace for subsequent overcoating. These “friendly” pro-
cesses include soldering, gluing, and piercing an end of the
hard core into a soft poriion of the terminal.

Preferably, the core is in the form of a wire. Alternatively,
the core is a flat tab (conductive metallic ribbon).

Representative materials, both: for the core and for the
overcoatings, are disclosed.

In the main hereinafter, techniques involving beginning
with a relatively soff (low yield strepgth) core, which is
generally of very small dimension (e.g,, 3.0 mil or less) are
described. Soft materials, such as gold, which attach easily
to semiconductor devices, generally lack sufficient resil-
iency to function as springs. {Such soft, metallic materials
exhibit primarily plastic, rather than elastic deformation.)
Other soft materials which may attach easily to semicon-
ductor devices and possess appropriale resiliency are ofien
electrically nonconductive, as in the case of most elasto-
meric materials. In either case, desired structural and elec-
trical characteristics can be imparted to the resuliing com-
posite interconnection element by the overcoating applied
over the core, The resulling composite nterconnection ele-
ment can be made very small, yet can exhibit appropriate
contact forces. Moreover, a plurality of such composite
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interconnection elements can be arranged at a fine pitch
(e.g., 10 mils), even though they have a length (c.g., 100
mils) which is much greater than the distance 10 a neigh-
boring composite interconnection element (the distance
between neighboring interconnection elements being termed
“pitch™).

It is within the scope of this invention thai composite
interconnection elements can be fabricated on a micromin-
fature scale, for example as “microsprings” for connectors
and sockets, having cross-sectionat dimensioas on the order
of twenty-five microns (gan), or less. This ability to manu-
facture reliable interconnection having dimensions mea-
sured in microns, rather than mils, squarely addresses the
evolving needs of existing interconnection technology and
foture area array technology.

The composite interconnection elements of the present
invention exhibit superior electrical characteristics, includ-
ing electrical conductivity, solderabilily and low contact
resistance. In many cases, deflection of the interconnection
glement in response to applied contact forces results in a
“wiping” contact, which helps ensure that a reliable contact
is made.

An additional advantage of the present invention is that
connections made with the interconnection elements of the
present invention are readily demountable. Soldering, to
effect the interconnection to a terminal of an electromic
component is optional, but is generally not preferred at a
system level.

According to an aspect of the invention, techniques are
described for making interconnection elements having con-
srolled impedance. These techniques generally involve coat-
ing (e.g., electrophoretically) 2 conductive core or an entire
composite interconnection element with a dielectric material
(insulating layer), and overcoating ihe dicleetric material
with an outer layer of a conductive material. By grounding
the outer conductive material layer, the resulting intercon-
nection element can effectively be shielded, and its imped-
ance can readily be controlled. (See also 10K of the PAR-
ENT CASE.)

According to an aspect of the invention, interconnection
elements can be pre-fabricated as individual units, for later
attachment to electronic components. Various techniques for
accomplishing this objective are set forth herein. Although
not specifically covered in this document, it is deemed to be
relatively straightforward 1o fabricate a machine that will
handie the mounting of a plurality of individual intercon-
nection elements 1o a substrate or, aliernatively, suspending
a plurality of individual interconnection elements in an
clastomer, or on a support substrate.

It should clearly be understood that the composite inter-
connection element of the present invention differs dramati-
cally from interconnection elements of the prior art which
have been coated to enhance their electrical conductivity
characteristics or to enhance their resistance 10 corrosion.

The overcoating of the present invention is specifically
intended to substantially enhance anchering of the inlercon-
nection efement to a terminal of an electrenic component
and/or 1o impart desired resilient characteristics to the result-
ing composite interconnection element. Stresses (contact
forces) are directed to portions of the interconnection ¢le-
ments which are specifically intended to absorb the siresses.

It should aiso be appreciated that the present invention
provides essentially a mew lechnigue for making spring
structures. Generally, the operative structure of the resulting
spring is a product of plating, rather than of bending and
shaping. This opens the door 1o using a wide varety of
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materials to establish the spring shape, and a variety of
“friendly” processes for attaching the “falsework” of the
core to electronic components. The overcoating functions as
a “superstructuze” over the “falsework” of the core, both of
which terms have their origins in the field of civil engineer-
mng.

A distinct advantage of the present invention is that probe
elements (resilient coniact structures) can be fabricated
directfy on terminals of a space transformer substrate com-
ponent of a probe card assembly without requiring addi-
tional materials, such as brazing or soldering.

According to an aspect of the invention, any of the
resitient contact structures may be formed as at least two
composite interconnection elements,

Other objects, features and advantages of the invention
will become apparent in tight of the fellowing description
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will be made in detail to preferred embodi-
ments bf the invention, examples of which are iltustrated in
the accompanying drawings. Although the invention will be
described in the context of these preferred embodiments, it
shoutd be understood that it is not intended to limit the spirit
and scope of the invention to these particular embodiments.

FIG. IA is a cross-sectional view of a longifudinal
portion, ncluding one end, of an inferconnection slement,
according 1o an embodiment of the invention.

FIG. 1B is a cross-sectional view of a longitudinal
portion, including one end, of an interconnection element,
according to another embodiment of the invention.

FIG. 1C is a cross-sectional view of a longitudinal
portion, including one end of an interconnection element,
according 1o another embodiment of the invention.

FIG. 1D is a cross-sectional view of a longitudinal
portion, including one end of an interconnection element,
according to another embodiment of the invention,

FIG. 1E is a cross-sectional view of a Jongitudinal
poriion, including one end of an interconnection element,
according to another embodiment of the invention,

FIG, 2A is a cross-sectional view of an inlerconnection
element mounied to a terminal of an electronic component
and having a mult-layered shell, according o the invention.

FIG. 2B is a cross-sectional view of an interconnection
element having a multi-layered shell, wherein an interme-
diate layer is of a dielectric material, according to the
invention.

FIG. 2C Is a perspective view of a plurality of intercon-
nection elements mounted to an elecironic component (e.g.,
a probe card insert}, according to the invention.

FIG. 2D is a cross-sectional view of an exemplary first
step of 2 technique for manufacturing interconnection
elements, accordizng to the invention.

FIG. 2E is a cross-sectional view of an exemplary further
step of the technique of FIG. 2D for manufacturing inter-
connection elements, according to the inventions

FIG. 2F is a cross-sectional view of an exemplary further
step of the technique of FIG. 2E for manufacturing iner-
connection elements, according to the invention.

FIG. 2G is 2 cross-sectional view of an exemplary plu-
rality of individual interconnection elements fabricated
according 1o the technique of FIGS. 2D-2F, according o the
invention,

FIG. 2H is a cross-sectional view of an exemplary plu-
rality of interconnection elements fabricated according to
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the technique of FIGS. 2DD-2F, and associated in a pre-
scribed spatial relationship with one another, according to
the invention.

FIG. 21 is a cross-sectional view of an alternate embodi-
ment for manufacturing interconneciion elements, showing
a one end of one element, according fo the invention,

FIG. 3A is a cross-sectional view of an embodiment of an
interposer, according to the invention.

FIG. 3B is a cross-sectional view of another embodiment
of an interposer, according to the invention.

FIG. 3C is a cross-sectional view of another embodiment
of an interposer, according to the invention.

FIG. 4 is a cross-sectional view of an embodiment of a
generic space transformer, according to the invention.

FIG. 5 is an exploded view, partially in cross-section, of
the probe card assembly of the present invention.

FIG. 5A is a perspective view of a space transformer
compenent suiled for use in the probe card assembiy of FIG.
S, according to ihe invention.

FiG. 5B is a perspective view of another space lrans-
former component snited for use in the probe card assembly
of FIG. §, according to the invention.

FIG. 5C is a bottom plan view of a space transformer
component stited for use in the probe card assembly of FIG.
5, according to the invention.

FIG. 6A is a bottom plan view of eiiher the top or bottom
surfaces of an exemplary interposer substrate for use in the
probe card assembly of FIG. 5, according 1o the invention.

FIG. 6B is a partial cross-sectional view of the interposer
component illusirated in FIG. 6A, according to the iaven.
tion.

FIG. 7 is a view, partially in cross-section, and partially-
schematic, of a probe card assembly similar fo the probe
card assembly illustrated in FIG. 5 being aligned for use in
testing semiconductor wafers, according o the inventicn.

FIG. TAis a view, partially In cross-section, and partially-
schematic, of a technique for sutomatically adjusting the
orientation of the space transformer component, according
to the invention.

FIG. BA is a cross-sectional view of a technique for
fabricating tip structures for probe elements, according to
the invention.

FIG. 8B is a cross-sectipnal view of further steps in the
technique of FIG. 8A, according to the invention.

F1G. 8C is a side view, partially In cross-section and
partially in full of a space transformer component, according
to the nvention.

FIG, 8D is 2 side view, partially in cross-section and
partially in full of the space transformer component of FIG.
8C being joined with the tip structures of F1G. 8B, according
to the invention.

FIG. 8E is a side view, parfially in cross-section and
partially in full of a further step in joining the space
transformer component of FIG. 8C joined with the tip
structures of FIG. 8B, according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

This patent application is directed to probe card
assemblies, components thercof, and methods of using
same. As will be evident from the description that follows,
the use of resilient contact structures to effect pressure
connections to terminals of an electronic component is
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essential. Preferably, the resilient contact structures are
implemented as “composite interconnection elements”, such
as have been described in the disclosure of the aforemen-
tioned U.S. patent application Ser. No. 08/452,255, filed
May 26, 1995, now abandoned, incorporated by reference
herein. This patent application summarizes several of the
techniques disclosed in the PARENT CASE in the discus-
sions of FIGS. 1A-1E and 2A-2L

An important aspect of the preferred technique for prac-
ticing the preseni invention is that a “composile” inlercon-
nection element can be formed by starting with a core
(which may be mounted to a terminal of an electronic
component), then overcoating the core with an appropriate
material to: (1) establish the mechanical properties of the
resulling composite interconnection element; andfor (2)
when the interconnection element is mounted to a terminal
of an slectronic compenent, securely anchor the intercon-
nection element to the terminal, In this manner, a resilient
interconnection element {spring element) can be fabricated,
starting with a core of a soft material which is readily shaped
into a springable shape and which is readily atfached to even
the most fragile of electronic components, In light of prior
art techniques of forming spring elemenis from hard
materials, is not readily apparent, and is arguably counter-
infuitive, that soft materials can form the basis of spring
elements. Such a “composite” interconneciion element is
generally the preferred form of resilient contact structure for
use in the embodiments of the present invention.

FIGS. 1A, 1B, 1C and 1D illustrate, in 2 general manner,
various shapes for composite interconnection elements,
according to the present invention.

In the main, hereinafter, composite interconoection ele-
ments which exhibit resiliency are described. However, it
should be understood that non-resitient composite intercon-
nection elements fall within the scope of the invention,

Further, in the main hereinafter, composite interconnec-
tion elements that have a soft {readily shaped, and amenable
to affixing by Friendly processes to electronic components)
core, overcoaled by hard (springy) materials are described.
Tt is, however, within the scope of the invention that the core
can be & hard material—the overceat serving primarily to
securely anchor the interconnection element to a terminal of
an ¢lectronic component.

In FIG. 1A, an electrical interconnection element 116
inchedes a core 112 of a “soft” material (e.g., a material
having a yield strength of less than 40,000 psi), and & shell
{overcoat) 114 of a “hard” material (¢.g., a material having
a yield strength of greater than 80,000 psi). The core 112 is
an elongate element shaped (configured) as a substantially
straight cantilever beam, and may be a wire having a
diameter of 0.0005-0.0030 inches (0.001 inch=1 mil=25

.microns {um})). The shell 114 is applied over the already-

shaped core 112 by any suitable process, such as by a
suitable plating process (¢.g., by electrochemical piating).
FIG. 1A iltustrates what is perhaps the simplest of spring
shapes for an interconmnection element of the present
invention--—namely, a straight cantilever beam oriented at an
angle 1o a force “F” applied at its tip 1105, When such a
force is applied by a terminal of an electronic component 1o
which the interconnection element is making a pressure
contact, the downward {as viewed) deflection of the tip will
evidently result in the tip moving across the terminal, in a
“wiping” motion. Such a wiping contact ensures a reliable
contact being made between the interconnection element
and the contacted terminal of the electronic component.
By virtue of its “hardness™, and by controlling its thick-
ness {(0.00025-0.00500 inches), the shell 114 imparis a
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desired resiliency to the overall intercommection element
110. In this manner, a resilient interconnection between
electronic compenents {not shown) can be effected between
the two ends 110 and 1105 of the interconnection element
110. (In FIG. 1A, the reference numeral 110z indicates an
end pertion of the interconnection element 110, and the
actual end epposite the end 1104 is not shown.) In contacting
a terminal of an electroaic component, the interconnection
element 310 would be subjected to a contact force
(pressure), as indicated by the arrow labelted “F”.

The interconnection element {e.g., 110) will deflect in
response to an applied contact force, said deflection
(resiliency) being determined in part by the overall shape of
the interconnection element, in part by the dominant
{greater) yield sirength of the overcoating material {versus
that of the core), and in part by the thickness of the
overcoating material.

As used herein, the terms “cantilever” and “cantilever
heam” are used 1o indicate that an elongate structure (e.g.,

the overcoated core 112) is mounted {fixed) at one end, and

the other end is free to move, typically in response to a force
acting generally transverse to the longitudinal axis of the
elongate element. No other specific or limiting meaning is
intended to be conveyed or connoied by the use of these
lerms,

In FIG. 1B, an electrical interconnection ¢lement 1206
similarly includes a soft core 122 (compare 112} and a hard
shell 124 (compare 114). In this example, the core 122 is
shaped 1o have two bends, and thus may be considered to be
S-shaped. As in the example of FIG. 1A, in this manner, a
resilient interconnection between electronic components
(not shown) can be effected between the two ends 120a and
1206 of the interconmection clement 126. (In FIG. 1B,
reference numeral 120z indicates an end portion of the
interconnection element 120, and the actual end opposite the
end 1206 is pot shown.) In contacting a ferminal of an
electronic component, the interconmection element 120
would be subjected to a contact force (pressure), as indicated
by the arrow labelled “F7.

In FIG. 1C, an elecirical interconnection element 136
similarly includes a soft core 132 (compare 112) and a hard
shell 134 (compare 114). In this example, the core 132 is
shaped to have one bend, and may be considered to be
U-shaped. As in the example of FIG. 1A, in this manner, a
resilient interconnection between clectronic components
(not shown) can be effected between the two ends 1304 and
130b of the inferconnection element 130, (In FIG, 1C, the
reference numeral 130z indicates an end portion of the
interconnection element 138, and the aciual end opposite the
end 130/ is not shown.) In contacting a terminal of an
electronic component, the inlerconnection element 130
could be subjected to a contact force (pressure), as indicated
by the arrow labelled “F”. Alternatively, the interconnection
element 130 could be employed to make contact al other
than its end 1305, as indicated by the arrow labelled “F”.

FIG. 1D illusirates another embodiment of a resilient
interconnection element 140 having a soft core 142 and a
hard shell 144. In this example, the interconnection element
149 is essentially a simple cantilever (compare FIG. 1A),
with a curved tip 1405, subject fo a contact force “F” acting
tramsverse to its longitudinal axis.

FIG. 1E illustrates another embodiment of a resilient
interconnection element 150 having a soft core 152 and a
hard shell 154. In this example, the interconnection element
150 is generally “C-shaped”, preferably with a slightly
curved tip 150b, and is suitable for making a pressure
contact as indicated by ihe arrow labelled “F”.
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It should be understood that the soft core can readily be
formed inio any springable shape—in other words, a shape
that will cause a resulting interconnection element to deflect
resiliently in response 1o a force applied at its tip. For
example, the core could be formed into a conventional coil
shape. However, a coil shape would not be preferred, due to
the overall length of the interconnection element and induc-
tances (and the like) associated therewith and the adverse
effect of same on circuitry operating at high frequencies
(speeds).

The material of the shell, or at least ome layer of a
multi-layer shell (described hereinbelow) has a significantly
higher yield strength than the material of the core. Therefore,
the sheil overshadows the core in establishing the mechani-
cal characteristics (e.g., resiliency) of the resulting intercon-
nection structure. Ratios of shell:core yield strengths are
preferably at least 2:1, including at least 3:1 and at least 5:1,
and may be as high as 10:1. It is also evident that the shell,
or al least an outer layer of a multi-layer shell should be
electrically conductive, notably in cases where the shell
covers the end of the core. (The parent case, however,
describes embodiments where the end of the core is exposed,
in which case the core must be conductive.)

From an academic viewpoint, it is only necessary that the
springing {spring shaped) porticn of the resulting composite
mterconnection element be overcoated with the hard mate-
rial. From this viewpoint, it is generally not esseatial that
both of the two ends of the core be overcoated. As a practical
matter, however, it is preferred to overcoat the eatire core.
Particular reasons for and advantages accruing to overcoal-
mg an end of the core which is anchored (atlached) fo an
¢lectronic component are discussed in greater detail herein-
below.

Suitable materials for the core (112, 122, 132, 142)
mclude, but are not limited to: gold, aluminum, copper, and
their alloys. These materials are typically alloyed with smali
amounis of other mefals to obtain desired physical
properties, such as with beryliium, cadmium, silicon,
magnesium, and the like. It is also possible to vse silver,
palladium, platinum; metals or alioys such as metals of the
platinum group of elements. Solder consiituted from lead,
lin, indium, bismuth, cadmium, antimony and their alloys
can be used,

Vis-a-vis attaching an end of the core (wire) to a terminal
of an electronic component (discussed in greater detail
hereinbelow), generally, a wire of any material (e.g., gold)
that is amenable to bonding {using temperature, pressure
and/or ultrasonic energy to effect the bonding) would be
suitable for practicing the invention. It is within the scope of
this invention that any material amenable 10 overcoating
(c.z., plating), including non-metallic material, can be used
for the core.

Suitable materials for the shell (114, 124, 134, 144)
inclede (and, as is discussed hereinbelow, for the individual
layers of a multi-layer shell), but are net limited to: nickel,
and its alloys; copper, cobali, iron, and their alloys; gold
{especially hard gold) and silver, both of which exhibit
excellent cumrent-carrying capabilities and goed comtact
resistivity characteristics; elements of the platinum group;
noble metals; semi-noble metals and their ailloys, particu-
larly elements of the platinum group and their alloys;
tungsten and molybdenum. In cases where a solder-like
finish is desired, tin, lead, bismuth, indium and their alioys
can aiso be used.

The technique selected for applying these coating mate-
rials over the various core materials set forth hereinabove
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will, of course, vary from application-to-application, Elec-
troplating and eleciroless plating are generally preferred
techniques. Generally, however, it would be counter-
intuitive to plate over a gold core. Accerding fo an aspect of
the invention, when plating (especially electroless plating) a
nicke? shell over a gold core, it is desirable to first apply a
thin copper initiation layer over the gold wire stem, in order
to facilitate plating initiation.

An exemplary interconnection ¢lement, such as is iltus-
trated in FIGS. 1A-1E may have a core diameter of approxi-
mately 0.001 inches and a shell thickness of 0,001 inches—
the interconnection elemment thus having an overall diameter
of approximately 0.003 inches (i.€., core diameter plus two
times the shel? thickness). Generally, this thickness of the
shell will be on the order of 0.2-5.0 (one-fifth to five) times
the thickness (e.g., diameter) of the core,

Some exemplary parameters for composite interconnec-
tion elements are:

(2) A gold wire core having a diameter of 1.5 mils is
shaped to have an overall height of 40 mils and a generally
C-shape curve (compare FIG. 1E) of 9 mils radius, is plaied
with 0.75 mils of nickel (overall diameter=1.53+2%0.75=3
mils), and optionally receives a final evercoat of 50 micro-
inches of gold (e.g., to lower and enhance contacl
resistance). The resulting composite interconnection ele-
ment exhibits a spring constant (k) of approximately 3-5
grams/mil.

1n use, 3-5 mils of deflection will result in a contact force
of 9-25 grams. This example is useful in the context of a
spring element for an interposer.

(b) A gold wire core having a diameter of 1.0 mils is
shaped to have an overall height of 35 mils, is plated with
1.25 mils of nickel (overall diameter=1.042x1,25=3.5 mils),
and optionally receives a final overcoat of 50 microinches of
geld, The resulting composite interconnection element
exhibits a spring constant (k) of approximately 3 grams/mil,
and is useful in the context of a spring element for & probe.

(c} A gold wire core having a diameter of 1.5 mils is
shaped to have an overall height of 20 mils and a generally
S-shape curve with radii of approximately 5 mils, is plated
with 0.75 mils of nickel or copper (overall diameter=1.5+
2x0.75=3 mils). The resulting composite interconnection
element exhibits a spring constant (k) of approximately 2-3
grams/mil, and is useful in the context of a spring ¢lement
for mounting on a semiconductor device,

As will be illustraled in greater detail hereinbelow, the
core need not have a round cross-section, but may rather be
a flat tab (having a rectangular cross-section) extending from
a sheet. It should be undersicod that, as used herein, the term
“4ab’’ is ot 1o be confused with the term “TAB” (Tape
Automated Bonding).

MULTI-LAYER SHELLS

FIG. 2A illustrates an embodiment 200 of an intercon-
nection element 210 mounted to an elecironic component
212 which is provided with a terminal 214, In this example,
a soft {e.g., gold) wire core 216 is bonded (attached) at one
end 2164 to the terminal 214, is configured to extend from
the terminal and have a spring shape {compare the shape
shown in FIG. 1B), and is severed to have a free end 216b.
Bonding, shaping and severing a wire in this manner is
accomplished using wirebonding equipment. The bond at
the end 2164 of the core covers only a relatively smail
portion of the exposed surface of the terminal 214.

A sheil {overcoat) is disposed over the wire core 216
which, in this example, is shown as being multi-layered,
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having an inner iayer 218 and an outer layer 220, both of
which layers may suitably be applied by plating processes.
One or more layers of the multi-layer shell is (are} formed
of a hard material (such as nickel and its alloys) to impart a
desired resiliency to the interconnection elemeni 210, For
example, the cuter layer 220 may be of & hard material, and
the inner layer may be of a material that acts as a buffer or
barrier layer (or as an activation layer, or as an adbesion
layer) in plating the hard material 229 onto the core material
216. Alternatively, the inner layer 218 may be the hard
material, and the outer layer 220 may be a material (such as
soft gold) that exhibits supetior electrical characteristics,
including electrical conductivity and solderability. When a
solder or braze type contact is desired, the outer layer of the
interconnection element may be lead-tin solder or gold-tin
braze material, respectively.

ANCHORING TO A TERMINAL

F1G. 2A illustrates, In a general manner, another key
feature of the invenlion—namely, that resilient interconnec-
tion element can be securely anchored fo a terminal on an
electrenic component. The attached end 210a of the inter-
connection element will be subject to significant mechanical
stress, as a resuit of a compressive fores (arrow “F”) applied
to the free end 2196 of the interconnection element.

As illustrated in FIG. 2A, the overcoat (218, 220) covers
not only the core 216, but also the entire remaining (i.e.,
other than the bond 2164) exposed surface of the terminal
214 adjacent the core 216 in a conficucus (non-interrupted)
mannes. This securely and reliably anchors the interconnec-
tion element 216G to the terminal, the overcoat material
providing a sabstantiat (e.g., greater than 50%) contribution
to anchoring the resulting interconmnection element to the
terminal. Generally, it is only required that the overcoat
material cover at least a portion of the terminal adjacent the
core. It is generally preferred, however, that the overcoat
material cover the entire remaining surface of the terminal.
Preferably, each layer of the shell is metallic.

As a general proposition, the relatively small area at
which the core is attached (e.g., bonded) to the terminal is
not well suited to accommodating stresses resulting from
contact forces (“F”) imposed on the resulting composite
interconnection element. By virtue of the shell covering the
entire exposed surface of the terminal (other than in the
relatively small area comprising the attachment of the core
end 216a to the terminal), the overall interconnection struc-
ture is firmiy anchored to the terminal. The adhesion
strength, and ability to reaci contacl forces, of the overcoat
will far exceed that of the core end (216a) itself.

As used lherein, the term “elecironic component” (e g.,
212) includes, but is nol limited to: interconnect and inter-
poser substrates; semiconductor wafers and dies, made of
any suitable semiconducting material such as silicon (8i) er
galhum-arsenide (GaAs), production interconnect sockets;
test sockets; sacrificial members, elemenis and substrates, as
described in the parent case; semiconductor packages,
including ceramic arxd plastic packages, and chip carriers;
and connectors,

The intercomnection element of the present invention is
particularly well suiled for use as:

interconnection elements mounted directly to silicon dies,
eliminating the need for having a semiconductor pack-

age;
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interconnection elements extending as probes frem sub-
strates (described in greater detail hereinbelow) for
testing electronic components; and

interconnection elements of interposers (discussed in

greater detail hereinbelow).

The interconnection element of the present invention is
unique in that it benefits from the mechanical characteristics
(e.g., high vield strength) of 2 hard material without being
limited by the attendant typically poor bonding characteris-
tic of hard materials. As elaberated upon in the parent case,
this is made possible largely by the fact that the shell
{overcoat) functions as a “superstructure”™ over the “false-
work™ of the core, two terms which are borrowed from the
milieu of civil engineering. This is very different from plated
interconnection efements of the prior art wherein the plating
is used as a protective (e.g., anti-corrosive) coating, and is
generally incapable of imparting the desired mechanical
characteristic 10 the inlerconnection structure. And this is
certainly in marked contrast to any non-metallic, apticorro-
sive coatings, such as benzotriazole (BTA) applied to elec-
trical interconnects.

Among the numerous advantages of the present invention
are that a plurality of free-standing interconnect struciures
are readily Formed on substrates, from different levels
thereof such as 8 PCB having a decoupling capacitor} o 2
commor height above the substrate, so thal their free ends
are coplanar with one another. Additionally, both the elec-
trical and mechanical {e.g., plastic and elastic) characteris-
tics of an interconnection element! formed according to the
invention are readily tailored for particular applications. For
example, it rnay be desirable in a given application that the
interconnection elements exhibit both plastic and elastic
deformation. (Plastic deformation may be desired to accom-
modate gross non-plaparities in compenents being inlercon-
nected by the intercomnection elements.) When elastic
behavior is desired, it is necessary that the interconnection
glement generate a thresheld minimum amount of contact
force to effect a reliable contact. H is also advantageous that
the tip of the interconnection elemenl makes a wiping
contact with a terminal of an electronic component, due to
the occasional presence of contaminant films on the con-
tacting surfaces.

As used herein, the term “resilient”, as applied 1o contact
structures, implies contact structures (inierconnection
elements) that exhibit primarily elastic bebavior in response
10 an applied lpad (contact foree), and the ferm “compliant”
implies contact structures (interconnection elements) that
exhibit both elastic and plastic behavior in response to an
applied load (contact force) As used herein, a “compliant”
contact structure is a “resilient” contact structure. The com-
posite intercomnection elements of the present invention are
a special case of either compliant or resilient contact struc-
tures.

Anumber of features are claborated upon in detail, in the
parent case, including, but not limited to: fabricating the
interconnection elements on sacrificial substrates; gang-
transferring a plurality of interconmection elements to an
electronic componen; providing the interconmection ele-
menis with confact lips, preferably with a rough surface
finish; employing the interconnection elements on an elec-
tronic component to make temporary, then permanent con-
nections to the electronic component; amanging the inter-
connection elements to have different spacing at their one
ends than at their opposite ends; fabricating spring clips and
alignment pins in the same process steps as fabricating the
interconnection clements; employing the interconnection
elements to accommodate differences in thermal expansion
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between connected components; eliminating the need for
discrete semiconductor packages (such as for STMMs); and
optionally soldering resilient interconnection elements
(resilient contaci structures).

Controlled Impedance

FIG. 2B shows a composite interconnection elemerd 220
having muliiple layers. An innermost portion (inner elongate
conduciive element) 222 of the interconnection element 220
is either an uncoated corc or a core which has been
overcoated, as described hereinabove. The tip 2225 of the
innermost portion 222 is masked with a suitable masking
material {not shown). A dielectric layer 224 is applied over
the innermost portion 222 sech as by an electrophoretic
process. An outer layer 226 of a conductive material is
applied aver the dielectric layer 224.

In use, clectrically grounding the outer layer 226 will
result in the inferconnection element 220 having controlied
impedance. An exemplary material for the dielectric layer
224 is a polymeric material, applied in any suitable manner
and to any seitable thickness (e.g., 0.1-3.0 mils).

The outer layer 226 may be mulfi-layer. For example, in
instances wherein the innermost portion 222 is an uncoated
core, at least one layer of the outer layer 226 is a spring
material, when it Is desired that the overall interconnection
element exhibit resilience.

ALTERING PITCH

FIG. 2C illustrates an embodiment 256 whereln a plural-
ity (six of many shown) of interconnection elements
251 . . . 256 arc mounted on a surface of an eleciromc
component 260, such as a probe card insert (a subassembly
mounted in a conventional manner to & probe card). Termi-
nals and conductive traces of the probe card insert are
omitted from this view, for illustrative clarity. The attached
ends 251a . . . 286a of the interconnection elements
251 . . . 256 originate at a first pitch (spacing), such as
0.05-0.10 inches. The interconnection elements 251 . . . 256
are shaped and/or oriented so that their free ends (tips) are
at a second, finer pitch, such as 0.005-0.010 inches. An
interconnect assembly which makes interconnections from a
one pitch te another pitch is typically referred to as a “space
fransformer”.

As illustrated, the tips 2816 . . . 2565 of the interconnec-
tion elements are arranged in two parallel rows, such as for
making contact to (for testing and/or burning in) a semicon-
ductor device having two parallel rows of bond pads
(contact points). The interconnection elemenis can be
arranged to have other tip patierns, for making contact to
electronic components having other conlact point patierns,
such as arrays.

Generally, throughout the embodiments disclosed herein,
although only one interconnection element may be shown,
the invention is applicable to fabricating a plurality of
intercennection components and arranging the pluratity of
interconnection elements in a prescribed spatial relationship
with one another, such as in a peripheral pattern or i a
rectangular array pattern.

USE OF SACRIFICIAL SUBSTRATES

The mounting of interconnection elements directly to
terminals of electronic components has been discussed here-
mabove. Generally speaking, the interconnection elements
of the present invention can be fabricated upou, or mounted
10, any suitable surface of any suitable substrate, including
sacrificial subsirates.

Aftention is directed to the PARENT CASE, which
describes, for example with respect to FIGS. 11A-11F
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Fabricating a plurality of interconnection siruciures {(e.g.,
resifient contact structures) as separate and distinet struc-
tures for subsequent mounting to electronic components,
and which describes with respect to FIGS. 12A-12C mount-
ing a plurality of interconnection elements 1o a sacrificial
substrate {carrier) then transferring the plurality of intercon-
nection elements en masse fo an elecironic component.

FIGS. 2D-2F illustrate a technique for fabricating a
plurality of inferconnection elements having preformed tip
structures, using a sacrificial substrate.

FIG. 2D illustrates a first step of the technique 250, in
which a patterned layer of masking material 252 is applied
onto a surface of a sacrificial substrate 254. The sacrificial
substrate 254 may be of thin (1-10 mil) copper or aluminum
foil, by way of example, and the masking material 252 may
be common photoresist. The masking layer 252 is patterned
to have a plurality (three of many shown) of openings at
locations 2564, 2565, 256¢ whereat i is desired to fabricaie
interconnection elements. The locations 2564, 256b and
256¢ are, in this sense, comparable o the terminals of an
electronic component. The locations 256a, 256b and 256c
are preferably treated ai this stage fo have a rough or
featured surface texture. As shown, this may
be-accomplished mechanically with an embossing tool 257
forming depressions in the foil 254 at the locations 256a,
256bh and 256¢. Alternatively, the surface of the foil at these
locations can be chemically etched to have a surface texture.
Any technigque suitable for effecting this general purpose is
within the scope of this invention, for example sand blasting,
peening and the like.

Next, a plurality (one of many shown) of conductive tip
structures 258 are formed at each location (e.g., 256b), as
illustrated by FIG. 2E. This may be accomplished using any
suitable technique, such as electroplating, and may include
tip structures having multiple layers of material. For
example, the tip structure 258 may have a thin (e.g., 10-100
microinch) barsier layer of nickel applied onto the sacrificial
stbstrate, followed by a thin (e.g., 10 microinch) layer of
soft gold, followed by a thin (e.g., 20 microinch} layer of
hard gold, followed by a relatively thick (e.g., 200
microinch) layer of nickel, followed by a final thin {e.g., 100
microinch) layer of soft gold. Generally, the first thin barrier
layer of nickel is provided to protect the subsequent layer of
gold from being “poisoned” by the material (e.g., aluminum,
copper) of the substrate 254, the relatively thick layer of
mickel is to provide strength to the tip structure, and the final
thin layer of soft gold provides a surface which is readily
bonded to. The inveniion is not limited to any particulars of
how the tip structures are formed on the sacrificial substrate,
as these particulars would inevitably vary from application-
{o-application.

As llustrated by FIG, 2F, a plurality (one of many shown)
of cores 260 for intercennection elements may be formed on
the tip structures 258, such as by any of the technigues of
bonding a soft wire core o a terminal of an electroaic
component described hereinabove. The cores 260 are then
overcoajed with a preferably hard material 262 ip the
mannper described hereinabove, and the masking material
252 is then removed, resulting in a plurality (three of many
shown) of free-standing interconnection elements 264
mounted 1o a surface of the sacrificial substrate, as illustrated
by FIG. 2E

In a manner analogous to the overcoal material covering
at least the adjacent area of a terminal (214) described with
respect to FIG. 24, the overcoat material 262 firmly anchors
the cores 260 to their respective tip structures 258 and, if
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desired, imparts resilient charactenistics to the resuliing
interconnection elements 264. As noted in the PARENT
CASE, the plurality of interconnection elements mounted o
the sacrificial substrate may be gang-transferred to terminals
of an electronic component. Alternatively, two widely diver-
gent paths may be taken.

It is within the scope of this invention that a silicon wafer
can be used as the sacrificial substrate upon which tip
structures are fabricated, and that tip structures so fabricated
may be joined (e.g., soldered, brazed) to resilient contact
structurcs which already have been mounted to an electronic
component. Further discussion of these techniques are found
in FIGS. 8A-8T, hereinbelow,

As illustrated by FIG. 2G, the sacrificial substrate 254
may simply be removed, by any suitable process such as
selective chemical etching. Since most selective chemical
etching processes will etch one material at a much greater
rate than an other material, and the other material may
slightly be eiched in the process, this phenomenon is advan-
tageously employed to remove the thin barrier layer of
nickel in the tip structure contemporaneously with removing
the sacrificial substrate. However, if need be, the thin nickel
barrier layer can be removed in a subsequent ¢ich step. This
results in a plurality (three of -many shown) of individual,
discrete, singulated interconnection elements 264, as indi-
cated by the dashed line 266, which may later be mounted
(such as by soldering or brazing) to terminals on electronic
components.

It bears mention that the overcoat material may aiso be
slightly thinned in the process of removing the sacrificial
substrate and/or the thin barrier layer. However, it is pre-
ferred that this not occur.

Fo prevent thinning of the overcoat, it is preferred that a
thin layer of gold or, for example, approximately 10 micro-
inches of soft gold applied over approximately 20 micro-
inches of hard gold, be applied as a final layer over the
overcoat material 262. Such an outer layer of gold is
mtended primarily for its swperior conductivity, contact
resistance, and solderability, and is generally highly imper-
vious to most etching solutions contemplated to be used to
remove the thin barrier layer and the sacrificial substrate.

Alternatively, as iflustrated by FIG. 2H, prior to removing
the sacrificial substraie 254, the plurality (three of many
shown) of intercomnection elements 264 may be “fixed” in
a desired spatial relationship with cne another by any
suitable support struciure 266, such as by a thin plate having
a plurality of holes therein, whereupon the sacrificial sub-
strate is removed. The support struciure 266 may be of a
dielectric material, or of a conductive maierial overcoated
with a dielectric material. Further processing steps (ot
itlnstraled) such as mounting the plurality of interconnection
glements to an electronic component such as a silicon wafer
or 2 priated circuit board may then proceed. Additionally, In
some applications, it may be desireable to stabilize the tips
(opposite the tip stractures) of the interconnection elements
264 from moving, especially when contact forces are
applied thereto. To this end, il may also be desirable to
constrain movement of the tips of the interconnection cle-
ments with a suilable sheet 268 having a plurality of holes,
such as a mesh formed of a dielectric material.

A distinci advantage of the technigue 250 described
hereinabove is that tip structures (258) may be formed of
virtually apy desired material and having virtually any
desired lexture. As mentioned hereinabove, gold is an
example of a noble metal that exhibits excellent electrical
characteristics of electrical conductivity, low contact
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resistance, solderabifity, and resistance o comrosion. Since
gold is also malleable, it is extremely well-suited to be a final
overcoat applied over any of the interconnection elements
described herein, particelarly the resilient interconnection
elements described herein. Other noble metals exhibit simi-
lar desirable characteristics. However, certain materials such
as rhodium which exhibit such excellent electrical charac-
teristics would generally be inappropriate for overcoating an
entire interconnection element, Rhodium, for example, is
nolably brittle, and would not perform well as & final
overcoat on a resilient interconnection element. In this
regard, techniques exemplified by the technique 250 readily
overcome this limitation. For example, the first layer of a
multi-layer tip structure (sce 258) can be rhodium {rather
than gold, as described hereinabove), thereby exploiting its
superior electrical characteristics for making contact to
electronic components without having any impact whatso-
ever on the mechanical behavior of the resulting intercon-
nection element,

FIG. 21 ilustrates an ellernate embodiment 270 for fab-
ricating interconnection elements. In this embodiment, a
masking material 272 is applied 1o the surface of & sacrificial
substrate 274, and is patierned fo have a plurality {one of
many shown) of openings 276, in a manner similar to the
technique described hereinabove with respect to FIG. 2D.
The openings 276 define areas whereat Interconnection
clements will be fabricated as free-standing structures. (As
used throughout the descriptions set forth herein, an inter-
connection element is “free-standing” when is has 2 one end
bonded to a terminal of an electronic component or fo an
area of a sacrificial substrate, and the opposite end of the
interconnection element is not bonded to the electronic
component or sacrificial substrate.)

The area within the opening may be textured, in any
suitable manner, such as to have one or more depressions, as
indicated by the single depression 278 extending into the
surface of the sacrificial substrate 274,

A core {wire siem) 280 is bonded to the surface of the
sacrificial subsirate within the opening 276, and may have
any suitable shape. In this iflustration, only a one end of one
interconnection element is shown, for illustrative clarity.
The other end (not shown) may be atlached to an electronic
component. It may now readily be observed that the tech-
aigue 270 differs from the aforementioned technique 250 in
that the core 280 is bonded directly to the sacrificial sub-
strate 274, rather than to a tip structure 258. By way of
example, a gold wire core (280) is readily bonded, using
conventional wirebonding techniques, to the surface of an
aluminum substrate (274).

In a mext step of the process (270), a layer 282 of pgold is
applied (e.g., by plating) over the core 280 and onto the
exposed area of the substrate 274 within the opening 2786,
including within the depression 278. The primary purpose of
this layer 282 is to form a contact surface at the end of the
resulting interconnection element (i.e., once the sacrificial
substrate is removed).

Next, a layer 284 of a relatively hard material, such as
rickel, is applied over the layer 282. As mentioned
hercinabove, one primary purpose of this layer 284 is fo
impart desired mechanical characteristics (e.g., resiliency) to
the resulting composite inierconnection element. In this
embodiment, another primary purpose of the layer 284 is to
enhance the durabilily of the contact surface being fabri-
cated at the lower {as viewed) end of the resulting intercon-
nection element. A final layer of gold {not shown) may be
applied over the layer 284, to enhance the electrical char-
acteristics of the resulting interconnection element.
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In a final step, the masking material 272 and sacrificial
substrate 274 are removed, resulting in cither a plurality of
singulated interconnection elements (compare FIG. 2G) or
in a plurality of interconnection elements having a prede-
termined spatial relationship with one another (compare
FIG. 2H).

This embodiment 270 is exemplary of a technique for
fabricating textured contact tips on the ends of interconnec-
tion elements. In this case, an excellent example of a “gold
over nickel” contact tip has been described. It is, however,
within the scope of the invention thai other amalogous
coniact tips could be fabricated at the ends of interconnec-
tion elements, according to the techniques described herein,
Another feature of this embodiment 270 is that the contact
tips are construcied entircly atop the sacrificial substrate
(274), rather than within the surface of the sacrificial sub-
strate (254) as contemplated by the previous embodiment
250.

INTERPOSERS, GENERALLY

The techniques described hereinabove generally set forth
& novel technique for fabricating composite interconnection
¢lements, the physical characteristics of which are readily
tailored to exhibit a desired degree of resiliency,

Generally, the composite interconnection elements of the
present inveniion are readily mounted 1o (or fabricated
upon) a substrate which will function as an interposer,
disposed between and interconnecting iwo electronic
components, one of the two electronic components disposed
on each side of the interposer. The fabrication and use of the
composile inierconnection elements in interposers is
discussed, in detail, in the aforementioned commonly-
owned, copending U5, patent application Ser. No. (08/526,
426.

The techniques described hereinabove generally set forth
a novel technique for fabricating composite interconnection
elements, the physical characteristics of which are readily
tailored to exhibit a desired degree of resiliency, and the
ability to fabricate interposers using such composite infer-
connection elements.

Generally, the composite interconnection elements of the
present invention are readily mounted to (or fabricated
upon) a substrate in a manner in which the tips of the
interconnection elements are arranged to make contact with
selected areas (e.g., bond pads) of semiconductor devices.

The PARENT CASE discloses various techniques for
probing semiconductor devices.

The subject of using the interconnection elements of the
invention in interposers has been mentioned hereinabove.
Generally, as used herein, an “interposer” is a substrate
having conlacts on two opposite surfaces thereof, disposed
between two electronic components to interconnect the two
electronic components. Often, it is desirable that the inter-
poser permil at least one of the two interconnected elecironic
components to be removed (e.g., for repiacement,
upgrading, and the like).

INTERPOSER EMBODIMENT #1

F1G. 3A illustrates an embodiment 300 of an interposer,
using the interconnection elements of the invention.
Generaily, an insulating substrate 302, such as a PCB-type
substrate, is provided with a plurality (two of many shown)
of electrically conductive through holes (e.g., plated vias)
306, 308, or the like, each having conductive portions
exposed on the top (upper) 302a and bottom (lower) 3025
surfaces of the insulating substrate 302,
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A pair of soft cores 311 and 312 are attached to the
exposed portion of the through hole 306 on the top surface
302a of the subsirate 302. A pair of soft cores 313 and 314
are attached to the exposed portion of the through hole 306
on the bottom surface of the substrate 302. Similarly, a pair
of soft cores 315 and 316 are attached to the exposed portion
of the through hole 308 on the top surface of the substrate
302, and a pair of soft cores 317 and 318 are attached to the
exposed portion of the through hole 308 on the bottom
surface of the substrate 302. The cores 311 . ., 318 are then
overcoated with a hard material 326 to form interconnect
structures 322 and 324 on the top surface 302z of the
substrate 302 and to form iaferconnect structures 326 and
328 on the bottom surface 3025 of the substrate 302, In this
manner, the individual cores 311 . . . 318 are sccurely
anchored to the respective exposed portions of the through
holes, the mterconnecting structure 322 is electrically con-
nected to the interconnecting structure 326, and the inter-
connecting structure 324 is elecirically connecled o the
interconnpecting structure 328. It will be undersiood that by
providing each interconnecting structure (e.g., 322) as a pair
of interconnecting elements (e.g., 311, 312), that more
reliable connections to external components {not shown) are
effected (i.e., than with single interconnecting elements).

As is shown, the top group of inlerconnection elements
311, 312, 315 and 316 arc all formed with the same shape,
and the bottermn group of interconnection elements all have
the same shape. I should be understood that the bottom
group of interconnection elements can be provided with a
shape which is different than the top group of interconnec-
tion elements, which would provide the opportunity to
create inferconnecting structures extending from the top
surface of the insulating substraie having dissimilar
mechanical characieristics from the interconnecting struc-
tures extending from the bottom surface of the substrate.

INTERPOSER EMBODIMENT #2

FIG, 3B illustrates another embodiment 330 of an inter-
poser using the intercoanection elements of the invention. In
this embodiment, a plurality {one of many shown) of inter-
connection elements 332 are fabricated in a desired pattern
{(e.g., an array) on a sacrificial substrate (not shown). A
support substrate 334 is provided with a like phurality of
holes 336 in a corresponding pattern. The support subsirate
334 is placed over the interconnection glements 332 so that
the interconnection elements 332 extend through the holes
336, The interconnection elements 332 are loosely held
within the support substrate by a suilable material 338 (such
as an ¢lastomer) filing the holes 336, and extend from both
the top and botfom surfaces of the support substrate. The
sacrificial substrate is then removed. Evidently, the support
substrate 334 (compare 266) can simply be “dropped” onto
a plurality of interconnection elements (compare 264) which
are mounted io a sacrificial substrate (254) in the process of
fabricating this interposer assembly.

INTERPOSER EMBODIMENT #3

FIG. 3C iliusirates another embodiment 360 of an inter-
poser using the interconpection elements of the invention.
This embodiment 360 is similar to the previously-described
embodiment 330, with the exception that the interconnect
siructure 362 (compare 332) is supported within the holes
366 {(compare 336) of the suppert substrate 364 (compare
334) by soldering middle portions of the inlerconnection
structures 362 to plating 368 on the through holes 366 the
support substrate. Again, the support substraie 364 {compare
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266) can simply be “dropped” ento a plurality of intercon-
nection elements {compare 264) which are mounted to a
secrificial substrate (254) in the process of fabricating this
interposer assembly.

FIGS. 3B and 3C are illustrative of the fact that a single
interconnection element (332, 362) can be used to effect a
single connection of respective terminals of two elecironic
components. {t should be understood, and is within the scope
of this iavention, that any conductive element could be used
in liew of the inlerconmection element of the present
invention, as illustrated by FIGS. 3B and 3C.

It should be understood that, in the interposer embodi-
ments of FIGS. 3A, 3B and 3C, electronic components {not
shown}) would be disposed on both sides of the interposer
(300, 330, 360) ir order that the interposer make electrical
connection between terminals (not shown) thereof.

FORMING INTERCONNECTION ELEMENTS
FROM SHEETS

The discussion hereinabove has focused mainly on form-
ing interconnection elements from soft wire cores which are
shaped and overcoated with a hard material. The present
invention is also applicable to forming inferconnection ele-
ments which are formed of soft metal sheets which are
patterned (such as by stamping or etching), into fiat elongate
elements (tabs, ribbons) and overcoaled with a hard mate-
rial, This subject is elaborated upon in the aforementioned
U.S. patent application Ser. No. 08/526,246.

SPACE TRANSFORMER

FIGS. 3A-3C, set forth immediately hereinabove,
describe interposers and techniques for making same, as are
applicable (suitable) to the present invention. Although, in
the muain, the composite interconnection elements of the
present invention have been discussed, it should clearly be
understcod that any resilient interconnection element
(spring} can be employed, including spring structures made
of monolithic materials that are inherently springy made of
phosphor bronze and beryllium copper.

“Space transforming” (sometimes referred to as “pitch
spreading™) is an important concept applicable (o the present
invention, Simply stated, it is important that the tips of the
resilient confact structures be more closely spaced 1o one
another (relatively fine pitch) than connections to their
bases, As illustrated in FIG. 2C, discussed hereinabove, this
can be accomplished by shaping and orienting the individual
spring elements (251 . . . 256) to converge upon one another,
resulting in a tendency for the individual resilient contact
structures to have dissimilar lengths. Generally, in the con-
text of a probe card assembly, it is very important for all of
the probe elements (resilient contact structures) to have the
same length as ome another, to ensure comstancy in the
plurality of signal paths involved.

FIG. 4 illustrates an exemplary design of a space trans-
former 400, according to the present invention, wherein the
desired space-transforming is accomplished by the substrate
462 of the space transformer rather than in the shaping of the
individual resilient confact structures (not shown) attached
thereto,

The space transformer substraie 402 has a top (as viewed)
surface 402 and a bottom (as viewed) surface 4025, and is
preferably formed as a multi-layer component Having alter-
nating layers of insulating material (e.g., ceramic) and
conductive material. In this example, one wiring layer is
shown as including two (of many) conductive traces 404a
and 4045,
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A plarality (two of many shown) of terminals 4064 and
406b are disposed on the top sarface 4022 of the space
transformer subsirate 402 at a relatively fine pitch (relatively
close to one another). A plurality (two of many shown) of
terrainals 408a and 408D are disposed on the bottom surface
4026 of the space transformer substrate 402 ai a relatively
coarse pitch (relative to the terminals 406a and 4065, further
apart from one another). For example, the bottom terminals
408z and 408k may be disposed at a 50-100 mil pitch
(comparable to printed circuit board pitch constraints), and
the top terminals 406a and 4066 may be disposed as a 5-10
mil pitch {comparable to the center-to-center spacing of
semiconductor die bond pads), resulting in a 10:1 pitch-
transformation. The top lerminals 406z and 406b are con-
rected to the corresponding bottom terminals 408z and
4085, respectively, by associated conductors 418a/412a and
410h/412b, respectively, comnecting the terminals to the
conductive traces 404a and 404b, respectively This is all
generally well known, in the context of multi-layer land grid
array (LGA) support subsirates, and the like.

PROBE CARD ASSEMBLY

F1G. Sillustrates an embediment of a probe card assembly
500 which includes as its major functional components a
probe card 502, an interposer 504 and a space transformer
506, and which is suifable in use for making temporary
interconnections to a semiconductor wafer 508. In this
exploded, cross-sectional view, certain elements of certain
eomponents are shown exaggerated, for illustrative clarity.
However, the vertical (as showrn) alignment of the various
components is properly indicated by the dashed lines ip the
figure. H should be noted that the interconnection elements
(514, 516, 524, discussed in greater detail hereinbelow) are
shown in full, rather than in section.

The probe card 502 is generally & conventional circuit
board substrate having a plurality (two of maay shown) of
contact areas (terminals) 510 disposed on the top (as
viewed) surface thercof. Additional compoenents (not shown)
may be mounted to the probe card, such as active and
passive clectronic components, connectors, and the like. The
terminals 510 cn the circuit board may typically be arranged
at a 100 mil pitch {pitch is defined hereinabove). The probe
card 502 is suitably round, having a diameter on the order of
12 inches.

The inferposer 504 includes a substrate 512 (compare the
substrate 302). In the manner described hereinabove, a
plurality (two of many shown) of resilient inferconnection
elements 514 are mounted (by their proximat ends) to and
extend downward (as viewed) from the bottom (as viewed)
surface of the substrate 512, and a corresponding plurality
(two of many shown) of resilient interconnection elements
516 are mounted (by their proximal ends) to and extend
upward (as viewed) from the top (as viewed) surface of the
substrate 512, Any of the aforementioned spring shapes are
stitable for the resilien! inferconnection elements 514 and
516, which are preferably the composite inlerconnection
elements of the present invention. As a general proposition,
the tips (distal ends) of both the lower plurality 514 and of
the upper plurality 516 of interconnection elements 514 and
516 are al a pitch which matches that of the terminals 516
of the probe card 502, for example 100 mils.

The interconnection elements 514 and 516 are llustrated
with exaggerated scale, for illustrative clarity. Typically, the
interconnection elements 514 and 516 would extend to an
overall height of 20--100 mils from respective bottom and
top surfaces of the Interposer substrate 512. Generally, the
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height of the interccnpection elements is dictated by the
amount of compliance desired,

The space transformer 506 includes a suitable circuitized
substrate 518 (compare 402, described hereinabove), such as
a muiti-layer ceramic substrate having a phurality (two of
many shown)} of terminals {contact areas, pads) 520 dis-
posed on the lower (as viewed) surface thereof and a
pharality (two of many shown) of terminzls {contact areas,
pads) 522 disposed on the upper (as viewed) surface thereof,
In this example, the lower plurality of contact pads 520 1s
disposed at the pitch of the tips of the interconnection
elements 516 (e.g., 100 mils), and the upper plurality of
contact pads 522 is disposed at a finer (closer) pitch (e.g., 50
mils). These resilient interconnection 514 and 516 elements
are preferably, but not necessarily, the composite intercon-
nection elements of the present invention (compare 210,
hereinabove),

A plarality (two of many shown) of resilient interconnec-
tien elements 524 (“probes™, “probe elements™) are mounted
(by their proximal ends) directly {i.e., without the interme-
diary of additional materials such as wires connecting the
probe elements to the terminals, or brazing or soldering the
probe elements 1o the terminals) to the terminals (contact
pads) 322 and extend upward (as viewed) from the top (as
viewed) surface of the space transfermer substrate 518. As
illustrated, these resilient interconnection elements 524 are
suitably arranged so that their tips {distal ends} are spaced at
an even finer pilch {e.g., 10 mils} than their proximal ends,
thereby augmenting the pitch reduction of the space {rans-
former 506. These resilient contact structures
(intercomnection elements) 524 are preferably, but not
necessarily, the composite interconnection clements of the
present invention (compare 210, hercinabove).

It is within the scope of the invention that the probe
elements (524) can be fabricated on a sacrificial substrate
{compare FIGS. 2D-2F) and subsequently individualiy
mounted (compare FIG. 2G) or gang-transferred {compare
FIG. 2H) to the lerminals (522) of the space transformer
component (506).

As is known, a semiconducior wafer 508 includes a
plurality of die sites {(not shown) formed by
photolithography, deposition, diffusion, and the like, on its
front (fower, as viewed) surface. Typically, these die sites are
fabricated to be identical 1o one another. However, as is
known, flaws in cither the wafer itself or in any of the
processes to which the wafer is subjected to form the die
siles, can result in certain die sites being non-functional,
according to well established test criteria. Often, due to the
difficulties attendant probing die sites prior to singulating
semiconductor dies from a semiconductor wafer, testing is
performed after singulating and packaging the semiconduc-
tor dies. When a flaw is discovered after packagmng the
semiconductor die, the met loss is exacerbated by the costs
attendant to packaging the die, Semicenductor wafers 1ypi-
cally have a diameter of at least 6 inches, including at least
8 inches.

Each die site typically has a number of contact areas (e.g.,
bond pads), which may be disposed at any location and in
any pattern on the surface of the die site. Two (of many)
bond pads 526 of a one of the die sites are illustrated in the
figure.

A limited number of techniques are known for testing the
die sites, prior to singulating the die sites into individual
semiconductor dies. A representalive prior art technique
involves fabricating a probe card insert having a plurality of
tungsten “needles” embedded in and extending from a
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ceramic substrate, each needle making a temporary connec-
tion 1o a given one of the bond pads. Such probe card inserls
are expensive and somewhal complex to manufacture,
resulting in their refatively bigh cost and in a significant lead
time to obtain. Given the wide variety of bond pad arrange-
ments that are possible in semiconductor dies, each unique
arrangement requires a distinet probe card insert.

The rapidity with which unique semiconductor dies are
mapufactered highlights the urgent need for probe card
inserts that are simple and inexpensive o manafacture, with
a short turnaround ime, The use of an interposer (504), and
a space transformer (506) as a probe card insert, squarely
addresses this compelling need.

In use, the interposer 504 is disposed on the top (as
viewed) surface of the probe card 502, and the space
transformer 506 is stacked atop (as viewed) the interposer
504 so that the interconnection elements 514 make a reliable
pressure contact with the contact terminals 510 of the probe
card 502, and so that the interconnection elements 516 make
a reliable pressure contact with the contact pads 520 of the
space transformer 506, Any suitable mechanism for stacking
these components and for ensuring such reliable pressure
conlacts may be employed, a suitable one of whick is
described hercinbelow.

The probe card assembly 500 includes the following
major components for stacking the interposer 506 and the
space transformer 506 onto the probe card 502:

a rear mounting plaie 530 made of a rigid material such

as stainless steel,

an actuator mounting plate 532 made of a tigid material
such as stainless steel,

a front mounting plate 534 made of a rigid material such
as stainless steel,

a plurality (two of many shown, theee is preferred) of
differential screws including an outer differential screw
element 536 and an inper differential screw element
538,

a mounting ring 540 which is preferably made of a
springy material such as phosphor bronze and which
has a pattern of springy tabs (not shown) exiending
therefrom,

a plurality (two of many shown) of screws 542 for holding
the mounting ring 538 fo the front mounting plate 534
with the space transformer 506 captured therebetween,

optionally, a spacer ring 544 disposed between the mount-
ing ring 540 and the space transformer 506 to accom-
modate manufacturing tolerances, and

a plurality (iwo of many shown) of pivol spheres 546
disposed atop (as viewed) the differential screws (e.g.,
atop the inper differential screw element 538).

The rear mounting plate 530 is a metal plale or ring
(shown as a ring) disposed on the botlom (as shown) surface
of the probe card 502. A plarality (one of many shown) of
holes 548 extend through the rear mounting plate.

The actuater mounting plate 532 is a metal plate or ring
(shown as a ring) disposed on: the bottom (as shown) surfzce
of the rear mounting plate 530. A plurality (one of many
shown) of holes 550 extend through the actzator mounting
plate. In use, the actzator mounting plate 532 Is affixed to the
rear mounting plate 530 in any suitable manner, such as with
screws (omifted from the figure for illustrative clariey).

The front mounting plate 534 is a rigid, preferably metal
ring. In use, the front mounting plate 534 is affixed to the
rear mounting plate 530 in any suitzble manner, such as with
screws (omitted from the figure for illustrative clarity)
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extending through corresponding holes (omitted from the
figure for iflustrative clarity) through the probe card 502,
thereby capturing the probe card 502 securely berween the
front mounting plate 534 and rear mounting plate 530.

The front mounting plaic 5334 has a flat botiom (as
viewed) surface disposed against the top (as viewed) surface
of the probe card 502. The front mounting plate 534 has a
large central opening thercthrough, defined by an inner edge
552 the thercof, which is sized to permit the plurality of
contact terminals 510 of the probe card 502 to reside within
the ceniral opening of the front mounting plate 534, as
shown.

As mentioned, the front mounting piate 534 is a ring-like
stracture having a fat botiom (as viewed) surface. The top
{as viewed) surface of the front mounting plate 534 is
stepped, the fromt mounting plate being thicker (vertical
extent, as viewed) in an outer region thereof than in an inner
region thereof. The step, or shoulder is located at the
position of the dashed line (labelled 554), and is sized to
permit the space transformer 506 to clear the outer region of
the front mounting plate and rest upon the inner region of the
front mounting plate 534 (although, as will be seen, the
space transformer actually rests upon the pivot spheres 546).

A plurality (one of many shown) of holes 554 extend into
the outer region of the front mounting plate 334 from the top
(as viewed) surface thereof ai least partially through the
fronl mounting plate 534 (these holes are shown extending
only partially through the front mounting plale 534 in the
figure} which, as will be seen, receive the ends of a corre-
sponding plurality of the screws 542, To this end, the holes
554 are threaded holes. This permits the space transformer
506 to be secured to the front mounting plate by the
mounting ring 540, hence urged against the probe card 502.

A plurality (one of many shown) of holes 558 extend
completely through the thinner, inner region of the froat
mounting plate 534, and are aligned with a plurality (one of
many shown) of corresponding holes 560 extending through
ihe probe card 502 which, in turn, are aligned with the holes
548 in the rear mounting plate and the holes 550 in the
actuator mounting plate 538,

The pivot spheres 546 are loosely disposed within the
aligned holes 558 and 360, at the top (as viewed) end of the
inner differential screw elements 538, The outer differential
screw elements 536 thread into the (threaded) holes 550 of
the actuator mounting plate 532, and the inner differential
screw elements 538 thread inte a threaded bore of the outer
differential screw clements 536. In this manner, very fine
adjustments can be made in the positions of the individual
pivot spheres 346. For example, the outer differential screw
elements 536 have an external thread of 72 threads-per-inch,
and the inmer differential screw clements 538 have an
external thread of 80 threads-per inch. By advancing an
outer differential screw ¢lement 536 one tum into the
actuator mounting plate 532 and by holding the correspond-
ing inner differential screw element 538 stationary (with
respect 1o the actuator mounting plate 532), the net change
in the position of the corresponding pivot sphere 546 wiil be
‘plus’ ¥z {0.0139) ‘minus’ Y¥sox (0.0125) inches, or 0.0014
inches. This permits facile and precise adjustment of the
planarity of the space transformer 506 vis-a-vis the probe
card 502. Hence, the positions of the tips {fop ends, as
viewed) of the probes (interconnection elements) 524 can be
changed, without changing the orientation of the probe card
502. The importance of this feature, a technigue for per-
forming alignment of the tips of the probes, and alternate
mechanisms {means)} for adjusting the planarity of the space
transformer are discussed in greater detail hereinbelow, with
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respect to FIG. 7. Evidently, the interposer 504 ensures that
clectrical connections are maintained belween the space
transformer 506 and the probe card 502 throughout the space
transformer’s range of adjustment, by virtue of the resilient
or compliant contact structures disposed on the two surfaces
of the interposer.

The probe card assembly 500 is simply assembled by
placiag the irderposer S04 within the opening 552 of the
front mounting piate 534 so that the tips of the interconnec-
tion elements 514 contact the contact terminals 510 of the
probe card 502, placing the space transformer 506 on top of
the interposer 504 so that the tips of the inferconnection
elements 516 contact the contact pads 520 of the space
transformer 506, optionally placing a spacer 544 atop the
space transformer 506, placing the mounting ring 540 over
the spacer 544, and inserting the screws 542 through the
mounting ring 540 through the spacer 544 and into the holes
554 of the front mounting plate 534, and mounting this
“subassembly” to the probe card 502 by inseriing screws
{one shown partially as 555) through the rear mounting plate
530 and through the probe card 502 into threaded boles (not
shown) in the bottom {as viewed) surface of the front
mounting plate 534, The actualor mounting plate 538 can
then be assembled (e.g., with screws, on of which is shown
partially as 556) to the rear mounting plate 530, pivot
spheres 560 dropped into the holes 550 of the actuator
mounting plate 532, and the differential screw elements 536
and 538 inserted into the holes 550 of the actuator mounting
plate 532,

In this manner, a probe card assernbly is provided having
a plurality of resilient conlact structures (524) extending
therefrom for making contact with a plurality of bond pads
(contact areas) on semiconductor dies, prior fo their singu-
lation from a semiconductor wafer, at @ fine pitch which is
commensurate with today’s bond pad spacing. Generally, in
use, the assembly 500 would be employed upside down from
what is shown in the figure, with the semiconductor wafer
being pushed (by external mechanisios, not shown} up onto
the tips of the resilient contact structures (524).

As is evident from the figure, the front mounting plate
{baseplate) 534 determined the position of the interposer 504
vis-a-vis the probe card 502. To ensure accurale positioning
of the front mounting plate 534 vis-a-vis the probe card 502,
a plurality of alignment features (omitted from the figure for
illustrative clarity) such as pins extending from the front
mounting plate} and holes extending into the probe card 502
may be provided.

It is within the scope of this invention that any suitable
resilient contact structures (514, 516, 524) be employed on
the interposer (504) and/or the space transformer (506),
including tabs (ribbons) of phosphor bronze material or the
like brazed or soidered to contact areas on the respective
interposer or space transformer.

It is within the scope of this invention that the interposer
{504) and the space transformer {506} can be preassembled
with one agother, such as with spring clips, described as
element 486 of FIG. 2% of the aforementioned copending,
commonly-owned PCT/AUIS94/13373, extennding from the
interposer substrate.

It is within the scope of this invention that the interposer
(504) be omitted, and in its stead, a plurality of resilient
contact structures comparable to 514 be mounted directly to
the contact pads (520) on the lower surface of the space
transformer. However, achieving coplanarity between the
probe card and the space transformer would be difficult. A
principal function of the interposer is to provide compliance
to ensure such coplanarity.
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FIG. 3A illusirates, in perspective view, a. suitable space
transformer substrate 518 for the probe card assembly 560 of
FIG. 5. As shown therein, the space transformer substrate
518 is suitably a rectangular solid, having a length “1.” a
width “W" and a thickness “T”. In this figure, the top surface
518a of the space transformer substrate 518 is visible, to
which the probing iterconnection elements (compare 524)
are mounted. As shown, a plurality (such as several hundred)
of contact pads 522 are disposed on the top surface 5184 of
the space transformer substrate 518 in a given area thereof.
The given area is indicated by the dashed lines labelled 570
and, as is evident, the contact pads 522 may be arranged in
any suitable pattern within the given area 570,

As mentioned hereinabove, the space transformer sub-
strate 518 is suitably formed as a mulii-layer ceramic
substrate, having alternating layers of ceramic and patterned
conductive material,

The fabrication of such multi-layer ceramic substrates is
well known and is employed, for example, in the manufac-
ture of Land Grid Array (LLGA) semiconductor packages. By
appropriately ronting the patterned conductive material
within such a multilayer substrate, it is simple and straight-
forward to dispose contact pads (not visible in this view,
campare 526) on the bottom surface (not visible in this view)
of the substrate 518 ai a pitch which is different than (e.g.,
larger than} the pitch of the coniact pads 522 on the top
surface 518a of the substrate 518, and to connect the contact
pads 520 with the contact pads 522 to one another infernally
within the subsirate 518. Achieving a pitch of approximately
10 mils between the contact pads 522 on such a substrate is
very feasible.

FIG. 8A illustrates a preferred feature of the space trans-
former substrate 518. As mentioned, the substrate 518 is a
rectangular solid having a top surface 518a, a botiom surface
¢(hidden from view in this figure), and four side edges 5180,
518c, 5184 and 518e. As is shown, notches 5725, 572¢, 5724
and 572e are provided along the infersections of the respec-
tive side edges 518b, 518c, 5184 and 518e and the top
surface 518a of the substrate 518 along nearly the entire
length {exclnsive of the corners) of the respective side edges
518b . . . 518e. These notches 5726 . . . 572e generally
facilitate the manufacture of the space transformer subsirate
518 as a muMti-layer ceramic structure, and are also visible
in the illustration of FIG. 5. It should be understood that the
notches are not a necessity. Evidently, since the four corners
of the subsirate 518 are not notched (which is basically
diciated by the process of making a ceramic, multilayer
substrate), the mounting plate (540 of FIG. 5) must evidently
accommodate these corner “features”.

FIG. 5B illustrates an embodiment of a space transformer
substrate 574 which is comparable (o the space transformer
substrate 518 of the previous illustration, and which can
simiiarly be employed in the probe card assembly 500 of
FIG. 5. In this case, a plurality (four of many shown) of areas
570a, 570b, 570¢ and 5704 are defined, within each of which
a plurality of contact pads 5224, 522b, 522¢ can readily be
disposed in any desired pattern. It is generally intended that
the spacing of the areas 570a . . . 570d comesponrd to the
spacing of die sites on a semiconductor wafer so that a
plurality of die siles can simultancously be prohed with a
single “pass™ of the probe card. (This is especially useful for
probing muitiple memery chips resident on a semiconductor
wafer) Typicaily, the pattern of the contact pads 5224 . . .
5224 within the respective areas 570a . . . 570d of the
substrate 574 will be identical to one another, although this
is not absolutely necessary.

The illustration of FIG. 3B clearly demonstrates that a
single space transformer can be provided with probe ele-
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ments for probing (making pressure contacts with) a plurai-
ity {e.g., four, as illustrated) of adjacent die sites on a
semiconductor wafer. This is bepeficial in reducing the
number of setdowns (steps) required (o probe all of the die
sites on a wafer. For exampie, if there are one hundred die
sites on a wafer, and four sets of probe elements on the space
transformer, the wafer need only be positioned against the
space fransformer twenty-five times (ignoring, for purposes
of this example, that efficiency at the edge (periphery) of the
wafer would be somewhai attenuated). It Is within the scope
of this invention ihat the arrangement of probe sites (e.g.,
570z . .. 570d), as well as the orientation of the individual
probe elements (¢.g., staggered) can be optimized to mini-
mize the number of touchdowns required to probe an entire
waler. 1t is also within the scope of this invention that the
probe clements can be arranged on the surface of the space
transformer in a manner that alternate probe elements make
contact with different ones of two adjacent die sites on the
wafer. Given that it is generally desirable that the probe
elements all have the same overall length, it is evident that
the unconstrained manner in which the probe elements can
be attached (mounted) direcily tc any point on the two-
dimensional surface of the space transformer is superior to
any technique which constrains the location whereat the
probe elements are attached to a probe card (e.g., ring
arrangements, as described hereinabove). It is also within
the scope of this invention that a plurality of non-adjacent
die sites on a wafer could be probed in this manner. The
present invention is particularly beneficial to probing unsin-
gulated memory devices on a wafer, and is useful for
probing die sites having any aspect ratio.

4 G. 5C iHustrates an exemplary layout of contact pads
520 on tbe bottom surface of the space transformer substrate
518, wherein the pads 520 arc arranged in a pattern having
a 100 mil pitch, each row of pads being staggered from the
adjacent row of pads, and each pad having a diameter of
approximately 55 mils.

FIG. 6A is a plan view of either of the top or bottom
surfaces of an exemplary inferposcr substrate 580 {compare
512), showing an exemplary layout of conductive areas {not
iflusirated in FIG. §, compare FIG. 3A) to which the
interconnection elements (514, 516) are mounted. FIG. 6B
is a cross-sectional view of a portion of the same interposer
substrate 580, As illustrated in FIG. 6B, a plurality of plated
through holes 582 extend through the substrate 580, from a
one surface 580a to an opposite surface S80p thereof. The
substrate (board) iself is formed of conventional circuit
board materials, using conventional technigques for fabricat-
ing plated through holes. In this example, the “base” board
584 is initially covered with an extremely thin (e.g., 100
microinch) “blanket” fayer 586 layer of copper. A layer of
photoresist 588 is applied to both surfaces of the board, and
patterned 1o have openings permitting the plating up of the
through holes 582. The through holes 582 are plated with an
approximately 1 mil thick layer 390 of copper, over which
1s deposited a thin (e.g., at least 100 microinch) barrier layer
592 layer of nickel, over which is deposited a thin (e.g., at
least 50 microinch) layer 394 of soft (pure) gold. The
photoresist 388 is then removed, and vestiges of the initial
extremely thin layer 586 of copper are removed from areas
outside of the plated through hole 582. As illustrated in FIG.
6A, the plan view of each contact area formed by a plated
through hole 582 is that of a circular ring, with a iab
extending therefrom. The tab defines the orientation of the
conductive area (pad) of the through hole exposed (for
mounting interconnection clements) on the surface of the
subsirate 580. The pads are arranged at a 100 mil pitch, in
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staggered rows, with their orientations (as determined by
their tabs) reversing at a centerline of the substrate surface.

With regard to the exemplary probe card assembly 500
described hereinabove, the following dimensions and mate-
rials are exempiary, for a given application:

a. the space transformer substrate 518 has a length (L) of
2.5 inches, a width (w) of 2.5 inches, and a thickness (T) of
0.25 inches, and has at least three allernating layers of
ceramic and patterned conductor.

b. The interconnection elements 324 extending from the
space transformer substrate 518 are the composite intercon-
nection elements of the present invention, having a gold wire
core with a diameter of 1.0 mils, overcoated by 1.5 mils of
nickel, for an overall diameter of 4.0 mils, The overall height
of the interconnection elements 524 is 40 mils.

¢. The interposer substrate 512 is formed of conventional
circuit board materials, has side dimensions of 1.850 inches
and a thickness of 16 mils.

d. The intercopnection elements 514 and 516 extending
from the interposer substrate 512 are the composite intes-
connection elements of the present invention, having a gold
wire core with a diameter of 1.0 mils, overcoated by 1.5 mils
of nickel, for an overall diameter of 4.0 mils. The overal}
height of the interconnection elements 324 is 60 mils.

It is within the scope of the invention, and is generally
preferred, that although the interconnection elements 514
and 516 are illustrated in FIG. 5 as single interconnection
elements, each illustrated element is readily implemenied as
an interconnection structure having two or more intercon-
nection elements in the manner described hereinabove with
respect to FIG. 3A, 1o ensure that reliable pressure coniacts
are made to the respective contact terminals 510 of the probe
card 502 and contact pads 520 of the space transformer 506

It should clearly be understood that the space transformer
(506, 518, 574) and interposer (304, 580) can be supplied to
an end user as a “kit” (or “subassembly™), in which case the
end user would supply the probe card and associated mount-
ing hardware (e.g., 530, 532, 334, 536, 538, 540, 544).

Although the invention has been iHustrated and described
in detail in the drawings and foregoing description, the same
is to be considered as illustrative and not restrictive in
character it being understood that only preferred embodi-
meats have been shown and described, and that all changes
and modifications that come within the spirit of the inven-
tion are desired to be protected. Undoubtedly, many other
“variations” on the “themes” set forth hereinabove will
occur to one having ordinary skifl in the art to which the
present invention most nearly pertains, and such variations
are intended to be within the scope cf the iavention, as
disclosed herein. Several of these variations are set forth in
the parent case.

ALIGNING THE PROBE CARD ASSEMBLY

FIG. 7 itlustrates a technique 700 of aligning a probe card
assembly such as the probe card assembly 500 of FIG. 5. To
this end, several of the elements of the probe card assembly
300 of FIG. 5 bear the same numbering (5xx) in this figere.
The view of FIG. 7 is partially assembled, with the major
compounents in contact with one another.

A problem addressed head on by this invention is that it
is often difficult to align the contact tips of a probe card (or
probe card insert) with respect to a semiconductor wafer
being tested. It is essential that tolerances on the coplanarity
of the tips of the probes and the surface of the wafer be held
to & minimum, to ensure uniform reliable contact pressure at
each the tip 524a (top ends, as viewed) of each probe {ie,
the resilient contact structures 524). As discussed
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hereinabove, a mechanism {e.g., differential screws 336 and
538) is provided in the probe card assembly for adjusting the
planarity of the tips 524a of the probes by acting upon the
space transformer 506. In this figure, the space transformer
substraie 506 is illustraied with internal connection befween
the top terminals and the bottom terminals thereof, in the
manner illusirated in FIG. 4, described hereinabove.

Prior to employing the probe card assembly to perform
testing on a semiconductor wafer, the alignment of the probe
tips is measured and, if necessary, adjusted to ensure that the
probe tips 524a will be coplanar with semiconductor wafers
that are subseguently presenied to the probe card assembly
(i.e., urged against the probe tips).

Generally, a wafer tester (not shown) in which the probe
card assembly is mounted, will have a2 mechanism (not
shown) for conveying semiconductor wafers into the region
of the probe card assembly and urging the semiconductor
wafers against the probe tips 524n. To this end, semicon-
ductor wafers are held by a chuck mechanism (not shown).
For purposes of this discussion, it Is assumed that the tester
and chuck mechanism are capable of moving wafer-after-
wafer into a precise, repeatable location and orientation—
the precise location of the wafer functioning as a “reference
plane”.

According to the invention, in order to align the tips 5244
vis-a-vis the expected oricntation of a semiconductor wafer,
in other words vis-a-vis the reference plane, a flat
electrically-conductive metal plate 702 is mounted in the
tester in liew of a semiconductor wafer, The Hat meta] plate
702 functions as an “ersalz” or “virtual” wafer, for purposes
of aligning the tips 524a of the probes.

Each probe 524 is associated with a one of a plurality of
terizinals (not shown) on the probe card 502, a conductive
path therebetween being constituied by a selected one of the
probes 524, an associated selected one of the resilient
contact structures 516 and an associated selected one of the
resilient contact structures 514, and wiring layers (not
shown) within the probe card 502. The probe card terminals
may be in the form of surface terminals, terminals of a
socket, or the like. A cable 704 connects between the probe
card 502 and a computer (tester) 706 which has a display
monitor 708, The present invention is not limited to using a
computing device, nor to a display monitor.

In this example, it is assumed thai one hundred pressure
contacts are sought to be effected between one hundred
probe tips 524a arranged in a 10x10 rectangular array and
one hupdred terminals {e.g., bond pads) of a semiconductor
wafer. The present invention is not, however, limited to any
particular number of probe tips or any particular layout of
bond pads.

The flat metal plate 702 is carried by the chuck (not
shown) and urged (advanced, as indicated by the arrow
labelled “A™) against the probe tips 524a. This is done in a
relatively gradual manner, so that it can be ascertained
whether the probe tips 524a all contact the flat metal plate
in unison (not likely), or whether certain ones of the probe
tips 524a are contacted by the flat metal plate 702 prior to
remaining ones of the probe tips 5244. In the illustration, the
seventy-one filled circles (dots) within the area 710 on the
monitor 708 indicate that seventy-one of the probe tips 524a
have been contacted by the flat metal plate 702 prior to the
remaining twenty-nine of the prebe tips 524q (illustrated as
emipty circles) having been conlacted by the flal metal plate
702. Based on this visual representation, it is evident that the
space transformer 506 (or, possibly, the metal plate 702) is
tilted (canted) to the lefi (as viewed) downwards (out of the
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page, as viewed), and the crientation of the space trans-
former 506 can readily be adjusted by suitable adjustments
of the differentizl screws 536 and 538.

The adjustments necessary to achieve the desired goal of
planar, simulianeous contact of all of the tips 524a with the
flat metal plate 702, without altering the orientation of the
probe card 502, so that all of the probe tips 524a make
substantially simultaneous contact with the flal metal plate
702 are readily calculated, either on-line or off-line. By
making the calculated adjustments, the tips 524a of the
probes 524 will subscquently make substantially simulta-
neous contact with bond pads on semiconductor wafers
being tested.

The “go/no-go” (contact/no conlact) type of testing dis-
cussed in the previous paragraph is illustrative of a first
“order” of alignment that is facilitated by the probe card
assembly of the present invention. A second “order” of
alignment -is readily performed by recording (e.g., in the
computer memory) the sequence (order) in which the probe
element tips contact the metal plate. The first tip to contact
the metal plate generally will generally represent a corner of
the spece transformer that is too “high”, and needs to be
lowered (e.g., by adjusting the differential screws).
Likewise, the last tip to contact the metal plate will generally
represent a corner of the space transformer that is toe “low™,
and needs 1o be heightened (e.g., by adjusting the differential
screws). It is within the scope of this invention thal any
suitable algorithm can be employed to determine the adjust-
ments reguired 1o be made, based on the sequence of tips
contacting the metal plate. It is also within the scope of this
invention that a resistance (e.g., lo ground) between each
probe tip 524 and the flal metal plate 702 can be measured
and displayed as a numeral, or symbol, or dot color, or the
like, indicative of the measured resistance, rather than
merely as a filled circle versus an unfilled circle on the
display monitor, although such is generaily not preferred.

It is within the scope of this invention that any suitable
mechanism can be employed for adjusting the orientation of
the space transformer 506-—in cther words, planarizing the
tips 524a of probes 524. Aliernatives to using the differential
screws (536, 538) arrangement discussed hereinabove
would be to use servo mechanisms, piezoelectric drivers or
actuators, magnetostrictive devices, combinations thereof
(e.g., for gross and fine adjustments), or the like to accom-
plish such planarizing.

FIG. TA illustrates an automated technique 750 for adiust-
ing the spatial orientation of the space transformer {not
shown in this view). In this example, an actuator mechanism
552 (labelled “ACT”) is substituted for the differential
screws (536, 538) and operates in response to signals from
the computer 706. Three such mechanisms 552 can be
substituted for the three pairs of differential screw elements
in a straightforward manner. Similar elements in FIG. TAare
labelled with identical numbers as appear in FIG. 7, and
several elements appearing in FIG. 7 are omitted from the
view of FIG. 7A, for illustrative clanty.

It is also within the scope of this invention that the
mechanism (particularly an automated mechanism as illus-
trated in FIG. 7A) for planarizing the space transformer
{506) can be disposed other than as shown in the exemplary
embodiments described herein. For example, a suitable
mechanism could be located between the top {as viewed)
surface of the probe card (502) and the front mounting plate
{534), or incorporated into the front mounting plate (534).
The key feature of using any of these mechanisms is the
ability to alter the angle (orientation) of the space trans-



