TI TLE Testing of electronic circuits using an active probe integrated
circuit FIELD 5Apparatus and nethods for testing of electronic circuits
using an active probe integrated circuit. BACKGROUND As Integrated G rcuit
("1C") devices are becom ng nore conpliex, the cost of 10testing has
escalated to a level where it is creating concern in the industry both in
terns of technology limtations and the cost of testing. As a result, there
is a contiTAllaf effort to reduce the total cost of test devices. These
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of conponents. i'm nation of age over ge fromtesting and
packagi ng has gai ned significant attentlon in recent years, and wl|
1500nt|nu%]5§)play a major role. Industry and market data shows that the
operation and nai ntenance of test equi pnment contributes a najor portion to
the ovérall t eeppamtsst andGoeth@h tforstedting obelsctionicpiranies g apaopeyesbeeach have
technologloal 5n1t%t|ons. Integrated Gircuits are tested (i.e.: Device
Under Test" typically one at a time by 20 transmitting test data
bet ween the t est controller and the test head. Miultiple touchdowns are
performed _t0 @ conplete wafer. Due to the distance a signal traverses,
there is 5@6#%@2 P of signals along with potential noise interference.
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drive to reduce the cost of components. Hence elimination of any wastage overheads
from testing and packaging has gained significant attention in recent years, and will
15 continue to play a major role. Industry and market data shows that the operation and

maintenance of test equipment contributes a major portion to the overall test cost.

Current solutions in place and proposed each have technological limitations.

Integrated Circuits are tested (i.e.: Device Under Test [“DUT"]) typically one at a time by

20  transmitting test data between the test controller and the test head. Multiple touchdowns
are performed to test a complete wafer. Due to the distance a signal traverses, there is
degradation of signals along with potential noise interference. Multiple channel solutions
for testing multiple devices in parallel are costly to implement and possess further
reliability issues due to poor signal integrity or potential cross-talk interference. As a

25  consequence of these higher test costs and reliability issues, solutions for parallel test are
limited in parallelism (number of sites). Further, adoption has generally been limited to

niche markets such as memory test.

The nature of high speed and mixed signal measurements has meant that cost
30 effective wafer test of high speed devices has been difficult to obtain. One of the most

effective ways of reducing wafer test costs is higher test parallelism. Note that these



The nature of high speed and m xed signal neasurenents has neant that cost
30 effective wafer test of high speed devices has been difficult to obtain.
One of the nost effective ways of reducing wafer test costs is higher test
parallelism Note that these 2 issue8 are true whether neasuring wafers,

| Cs, packaged devices, or even Strips or aggregations of packaged devi ces.
However, prior art devices either are not capable of a high |evel of

par al | el i sfesaregmng vihstheomeashgingawvalgiseléls, pagkrgsd devigs) reaen PHPRGT i ty | ssues,
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devi ces ahighigupl afglatalleliseséradn dmseortihargredt axpessesi t e or possi bly x2
parallelism Alternately, some nanufacturers opt to performonly DC or |ow
frequency neasurenents at wafer |evel for their high speed devices, causing
unaccept abl y h$ighal ptedeig Bsues,adostlyl liglsspebil ghtndfispepd abdsdmpiex probd eatles RF or
Menory or serial w red testinp, . A grow.ng i.ndustry.trend.has seen
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Prior art probe cards typically have a rggldyarc itecture in which each
probe 1fPs mﬂqumds'é%a\% erdMertety QEferia! WhEtieftitg site on a device under test
(DUJT). The probes may 20 be coupled to an integrated circuit (1C so that
signal s between automated test equi pment (ATE) and the DUT via the probes
are conditi oned mewins industisteeng hatsess &g presurepeatissd Wapoier adyangtd 9EadEbed by

Rutten in bl fjfaéiiﬁatteerﬁulﬁ%étg Rstinf ih& as QRmatiBsly! i REdeR8 a‘ﬁ(atjcgrhi s techni que

is that the solution is not cost” effective because different designs of DUT
chi ps r eqpiabtenafodirfdhgrescediest gad ties ¢ra agd sigaibinedit timsnn g degtey toPCl C')
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i n the | Ctiprtosetsnarldtifer acwstabip desighon is the final netal interconnects

| ayers of an I C fabrication, which requires a large investnment in design,

tooling, capital and know how. 30This also fixes the utility of the PCIC
and restricts Pfisr disgobecasidegitdle hbidla dgd aghBecane in which each probe is

positioned so as to contact a specific site on a device under test (DUT). The probes may

20  be coupled to an integrated circuit (IC) so that signals between automated test equipment
(ATE) and the DUT via the probes are conditioned or otherwise processed for
transmission, as described by Rutten in United States Patent 6,747,469. The limitation of
this technique is that the solution is not cost effective because different designs of DUT
chips require a different design of the pre-conditioning IC (“PCIC”) leading to

25  unacceptably high non-recurring engineering (“NRE”) costs.

The PCIC described by Rutten must be customized by final fabrication steps in
the IC process. This customization is the final metal interconnects layers of an IC
fabrication, which requires a large investment in design, tooling, capital and know-how.

30  This also fixes the utility of the PCIC and restricts its use to specific DUT designs and
specific DUT applications. '



specific DUT applications. 3 In addition, the contact points in Rutten
must be custom zed to physically nmatch both the DUT pads as well as the
PCIC. This "mrror" image contact concept places a burden on the econonics
of inplenentation as it requires specific and detailed a-priori 5 know edge
of the DUT before the PCICis contenplated or constructed leading to
unacceptably long lead tines to procure a probe card due to the need to
procure a customintegrated circuit. Rinally, the Rutten enbodinents are
susceptible to unacceptably high failure rates 10of the PCI C due to
electronic failure of the PCIC as a result of die cracks and other stress

i nduced failure nodes due to nechanical stresses of probes placed over
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packaged conponents, not on sem conductor vices for testing devices in
waf er for mieR€CI€her ef ore signal transm ssion and degradation issues through
PCB still exist. 30 SUMVARY

The United States Patent 20050237073 Al describes a method of testing a DUT
15  using a programmable FPGA circuit board that is located on a probe card. This apparatus
employs a circuit board and IC’s on the probe card to distribute signals. No processing is
done to analyse high-speed signals and convert to low-speed for eliminating high

frequency resource requirements on the tester.

20 Harame et al. in IBM Journal of Research and Development, Vol. 47, No. 2/3
dated March/May 2003, pages 139-175, describe the need for integrity in complex RF
and mixed-signal communications in “Design automation methodology and RF/analog
modeling for RF CMOS and SiGe BiCMOS technologies.” They show that the rapidly
expanding market for electronic components has led to demand for more rapid testing

25  without incurring high costs, with high reliability and minimum distortion of test signals
and responses. These circuits are for implementation on a PCB positioned on a load
board used for testing packaged components, not on semiconductor devices for testing
devices in wafer form and therefore signal transmission and degradation issues through
PCB still exist.

30
SUMMARY



4 According to one enbodi ment, there is provided a probe card,
conprising at |east one reprogrammabl e active probe integrated circuit

(API C) capabl e of being coupled to one or nore of a variety of probe
arrays, such that the one or nore proMe array is selected to suit a device
under test (DUT) and the APIC is programmed to suit the one probe array 5
and the DUT. According to another enbaodinment, there i s praovided a probe for
testing a devideouhreio onesmbpdiuryt, thersinpiovidag e arobe 658 BBRYSIAGS RSt an acti ve
probe int i I Aot inled! : [ : 10
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test (PUTind thepiudgramm ng the at | east one APIC 15 based on the
characterization of the DUT; and reconfiguring the probe array based on the
characterization of the DUT. According to another enbodi nent, Active Probe
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signals fromone or nore DUT's to control signals sent to an ATE. APIC

devi cé8 can be used al ong with different probing technol ogies, such as
cantil ever, vejtigdhg toVaNheARHLJMRReR ARER e priviehiesmetibiBofTbighg agaat age of
using APIC devices is that it be used to 255L1pp| y hi %h-_f regucéanc .signhals to
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per f or med Ry Ngo ARKE aleBnfidfitid hrdbSartdian UsBmahicilAwiNBes 1aRtodeess costly
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si gnal i ntA®d¥; ahyragtsrizing a devirq yndar esi(RY Thepperemgeng e ay lpest e ii&t i on wit h
an_enhancegd. At QRbE B QRd G ASind S RIS BBl oseEbI nat i on,
G oung?Si g%sé’ -Og}ggeuégg&%ﬁ%%%ﬁ?g%t ?%;n or G ounggl?lgigéngl - Si g%%l - Grgund

conbi nat i charad@rfretioreefisbelPEnt s i ncl ude (but are not linmted to): 1) form ng
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According to another embodiment, Active Probe Integrated Circuits (APIC)

devices are placed proximate to the probe points to translate control signals from an

20  Automated Test Equipment tester (“ATE”) to signals as required to stimulate one or more
DUT’s so as to reduce or eliminate signal degradation or losses, and to translate response
signals from one or more DUT’s to control signals sent to an ATE. APIC devices can be
used along with different probing technologies, such as cantilever, vertical, MEMs and
non-contact probes. The other advantage of using APIC devices is that it be used to

25  supply high-frequency signals to a DUT. The majority of high-speed and high-frequency
processing is performed by the APIC to facilitate the use of slow speed and less costly
test equipment. Further improvements in performance and high frequency signal
integrity can be realized using an APIC device in combination with an enhanced probe
needle configuration such as a Ground-Signal combination, Ground-Signal-Ground

30  combination or Ground-Signal-Signal-Ground combination. Other embodiments include

(but are not limited to): 1) forming the probe needle and APIC into a single monolithic



5 circuit; 2) direct attachnent of an APIC to a probe needle; 3) enbedding
an APIC into the probe needl e BRI EF DESCRI PTI ON OF DRAW NGS 5These and
other features will beconme nore apparent floin the follow ng description in
which reference is made to the appended draw ngs, the drawings are for the
purpose of illustration only and ase not intended to be in any way
limting, wherein: FLO. In, |abelled PRIOR ART, is schenmatic di agram

in profil probe head. posi one que..a aratlonfor
testing tﬁr%luﬁd’g%m%ﬁ%’ |'§§f£’f§jl|£¢ “%emTe Ket)l & é’&?’%ﬂ Rk °I's schematic

di agr am othe probperiid. onal test system FIG 2, labell ed PRI OR ART, is a
bottom vi ew of a probe head havi ng several probes for contacting

corresponghﬁ §98m§}0§§*8ﬁm8% o ve our FIG 3a is a schematic diagram

of a probe | oses, cantilever probes. 15FIG
3b is & di agr dmsomda Sffmvﬂlmb#@aﬂf@t @F@@Wlilsdeacridﬁicagr amof a multi
DUT pI’ObemGoaﬁodrefEén@ is ffldd 6 1R afleRH ARWBLOWE BGwWIbS d&rd 0} Be ARMGe dresting a single

DUT. g‘%fantd%%%gﬁ%@f%gﬂk%%ﬁﬁﬂ sh WI .ng APICs with alternate

conpani on’ gr oun I ne agr amof a first enbodi nent

of a probe caFW lriagslled BRIOR ARTh [sgetiemaicaliseaminrofle staambed hesdbodi ment of a
probe car phsitibdeGabodea DET & gidpaakondiragtighrodghaodidiigd enbodi mnent of a probe

card. 10 EiGG'lb 4a%e113§ Pﬁ{d&%xs@%}%ggﬂ% on vdl?{nrg. {:s?ptst%m()f an 1C for

translating caontr ol % ront vance equi pmrent and
stimulus and F&% d%@d R{;ﬁ’\"af‘%'ﬂt'ba@ﬁefnz'swpfwb&hwmvmgsevem!

probes for contacting corresponding contact points on a DUT.
FIG. 3a is a scheratic diagram of a prabe head using, for illustrative purposes,
cantilever probes.
15 FIG. 3b is a diagram of a single DUT probe card.
F1G. 3¢ is a diagram of a multi DUT probe card.
FIG. 3d is a diagram showing multiple APIC testing a single DUT.
FIG. 3e through 3g are diagrams showing APICs with alternate companion
ground lines,
20 FIG. 4a is a block diagram of a first embodiment of a probe card.
FIG. 4b is a block diagram of a second embodiment of a probe card.
FIG. 4c is a block diagram of a third embodiment of & probe card.
FIG. 4d is a block diagram showing components of an IC for translating control
signals to and from advanced testing equipment and stimulus and response signals to and
25  fromaDUT.
FIG. Sa through 5g are diagrams of examples of architectures for the mutual
positioning of the probe and IC for contacting the DUT.
FIG. 6a is a schematic diagram of a chip having inlet/outlet ports and an IC used
for translating contro! signals to and from advanced testing equipment and stimulus and
30 response signais to and from a DUT.
FIG. 6b is a side view of the chip shown in FIG. 6a.



FIG 5a through 5g are diagrams of exanples of architectures for the mutual
positioning of the probe and IC for contacting the DUT. FIG 6ais
a schematic diagramof a chip having inlet/outlet ports and an I C used for
translating control signals to and freom advanced testing equi pnent and
stimulus and 30 response signals to and froma DUT. FIG 6b is a side view
of the chip showmn in FIG 6a. 6 FIG 6¢c is a top view of the chip shown in
FIG 6a. FIG F6@. (icdsatdpo)ﬁdmuﬁthéévipsifo“mheF&,{hifp shown in FIG 6d. FIG 6e is
a side view o shovvn FIG 6f is a diagram of

f . th
an AP| C chip tFﬁéa\tf’edd TR VISE |fghec%‘3’t 8%“%1“%1 48%5serial i zation functions
close to the (FHG.CGbllI;abiﬂdell’ewt(ﬁﬂie.chiﬁsﬁowﬁgllﬂﬁ adsi de view of the chip shown

in FIG 6f. FIG,. 6h is a diagramo ANC ch t provi des nenor
testing funct if8HsOfas? fiagpm a%ég @?’i“?%%ﬁﬁ“’ Fysegal hg‘?%ﬂ%a ation functi onsy
close f0 srehﬁlz‘éhcﬂrpﬁihétldﬂﬂgl@ﬁe th @fd circlik tadebiest. S a side view of the chip shown
in FIG 6h Fl G IS a perspective view of a nonolithic APIC and probe.

FIG 6k is a ﬁé@s?%‘éﬁls\?‘é"%ﬁ‘”é%@ﬂéﬁc}‘éi’ senart F15-6%Apl ¢ and probe with

di vi sional si ghal sk QRRSRINNGF anfARFC i that povRRE Sleefoky MeQingi fawtiehs & monol i thic
API C and probe. FIG 6m’is a per speclt%)l vepﬁ ew of awrmno;gl thic API C and

probe wi twelbiassexslization and slegeralizaiondiarciippygclose to the cprpif undsr el 5 schemati ¢

di agram showi nggt §g £QBDORENE S Qhiph&lh by Eeskgned for interpreting data
froma DUT. Flr% é}bsls a ?agrgmlg an API C which includes a source

measur®nment urfI6. 6j is a perspective view of a monolithic APIC and probe.
FIG. 6k is a perspective view of a monolithic APIC and probe with divisional
signal processing.
FIG. 6] is a perspective view of a monolithic APIC and probe.
FIG. 6m is a perspective view of a monolithic APIC and probe with divisional
15  signal processing.
FIG. 7a is a schematic diagram showing the components of a chip designed for
interpreting data from a DUT.
FIG. 7b is a diagram of an APIC which includes a source measurement unit
(SMU).
20 FIG. 8a is a schematic diagram of a plurality of chips that are severally in
hardwired communication with advanced testing equipment via a bus.
FIG. 8b is a schematic diagram of a plurality of chips that are sequentially in
communication with advanced testing equipment and, optionally, each other.
FIG. 8c is a schematic diagram of a plurality of chips that are in communication
25  with advanced testing equipment via a bus and with each other serially.
FIG. 8d is a schematic diagram of a plurality of chips that are severally in wireless
communication with advanced testing equipment and, optionally, each other.
FIG. 9a is a diagram illustrating the transformation at an IC of a low frequency
signal from advance testing equipment transformed to a high frequency signal for

30 communication to a DUT.



(SMJ). 20FIG 8a is a schematic diagramof a plurality of chips that are
severally in hardw red communi cati on with advanced testing equi pnent via a
bus. _ FIG 8b is a schematic diagramof a plurality of chips that are
sequentially in comunication with agvanced testing equi prent and,
optionally, each other. FIG 8c is a schematic diagramof a plurality of
chips-that are in comunication 25 with advanced testing equi pnent via a
bus and with EH&I9bot héingramrilhatrhtyng a high frequléilc&si@dl frem DL enséirined &i agr am of

I I i
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communi cation o e sane data to t advanced testi n ment. FIG
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5 by the eh&ﬁgﬂrgn@ﬁn{e%gag(ﬁgf,)rlgge“telag)oa@st comuni cated to the advanced

testing equi pnent. 10 illustrates the types of si fr.ansformati ons
usi ng the act if¥e. lﬂrlgbsérawstheﬁe@qemp?éper{%na{lqea),ﬁgm feptem %g’ﬁ%w HBP recei ver
mode. series of » DUT.

10 FIG. 12 shows a protocol for conducting sequential testing of DUT.
FIG. 13a illustrates simultaneous, parallel performance of tests on several DUT
using active probes.
FIG. 13b illustrates simultaneous, parallel performance of test on several DUT
using advanced active probes that can be configured as needed.
15 FIG. 14 shows a protocol for sequential testing of DUT using active probes.
FIG. 15 shows a protocol for parallel testing of several DUT using active probes.
FIG. 16 shows a representative mode] of a single cantilever probe.
FIG. 17 shows a graph illustrating insertion loss (dB) vs. frequency (GHz) for a
single cantilever probe.
20 FIG. 18 shows a representative model of a balanced cantilever probe.
FIG. 19 shows a graph illustrating insertion loss (dB) vs. frequency (GHz) for a
balanced cantilever probe.
FIG. 20 shows a graph illustrating an improved insertion loss (dB) vs. frequency
(GHz) for a single cantilever probe.
25 FIG. 21 shows a graph illustrating an improved insertion loss (dB) vs. frequency
(GHz) for a balanced cantilever probe.
FIG. 22a is a perspective view a probe configurations using a cobra probe with
two grounds.
FIG. 22b is a perspective view a probe configurations using a vertical probe with

30  grounded guards.



FIG 11 illustrates the sequential performance of one test on one DUT
within a series of n DUT. 10FIG 12 shows a protocol for conducting
sequential testing of DUT. FIG 13a illustrates sinultaneous, parallel
performance of tests on several DUT wsing active probes. FIG 13b
illustrates sinultaneous, parallel performance of test on several DUT using
advanced active probes that can be configured as needed. 15FIG 14 shows a
protocol for §E&;d@nus@erspe@mwgewo¢p©bﬂc ighgtienstusing apedisalprotmagd 15 shows a
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|nsert|oqnag§s (dB) vs. frequency (GHz) for a balanced cantil ever probe.
F!GL 22ais a perspective view a probe configurations using a cobra probe
w t
DETAILED DESCRIPTION
10 The discussion below relates to a new probe card architecture for testing

electronic devices, and in particular integrated circuits (IC). This concept is referred to as

“active probes.”

The principles of both the apparatus and the method are applicable for probing

15  and thereby testing of several types of IC, including but not limited to those for
applications such as RF, serializer/deserializer (SerDes), memory, logic, parametric,
digital signal processing, and analog circuitry and digital devices. The process and
apparatus discussed herein is illustrated using as an example a probe card having an
active probe for RF wafer testing, using RF as high frequency signals. It will be

20  recognized by those of ordinary skill in the art that the principles apply to several other
applications, such as to test, for example, high-speed digital circuits, networking circuits,
microprocessors, high-frequency circuits, high precision analog, storage devices, and

mixed signal circuits.

25 Using RF as an illustrative example of its application, the signal integrity issues,
costly RF instrumentation and complex probe card architectures that all work against
high parallel RF wafer test capability using prior art probe cards are overcome, thus
providing greatly reduced RF wafer test costs. This solution allows quality measurements
of important RF parameters such as frequency, power levels and noise figure at wafer

30 level with high parallelism. In addition to RF applications, it will be recognized that the



two grounds. FIG 22b is a perspective view a probe configurations using a
vertical probe with 30 grounded guards. 8 FIG 22c is a perspective
view a probe configurations using a vertical probe and two ground guards
isolation with air gap (exaggerated) detween grounds and touch pads.

FIG 22d is a perspective view a probe configurations using a vertical
probe and two ground guard isolation with dielectric between grounds and

t ouch padeachibgd dBscudsd helemvsayaal @ teursdd Birglatdn SiogheabigdngahddOnf i gur ati on

wi th cobra robes FIG 23b shows a G ound-Signal -Si gnal - G ound
conflguré? %f%h vertical probes. DETAILED DESCRI PTI ON 10The di scussion
bel ow rel ates to a nem/probe card architecture for testing electronic

devi ces, and | |cu i nt rated rCU|ts 1.C ThIS e

referred to a 9&“% ¢ Bigea glgel‘ﬁ%“"b? EPppret ‘%S‘fh %‘?getrﬂ’c? e g*ﬂf&%tﬁét us and
the nat hQadd ar ﬁm@awe@allab@n{eﬁtrs opteRppgathSantihtdiesr &lytivee stithrgfethesever al
types of including but not limted to those for applications such as

ser|§1ﬁz%?WH§§é§1allzer (SerDes), nmenory, logic, paranetric, digita
S|gnal processing, and analog circuitry and digital devices. The process

and apparatus discussed herein is illustrated using as_an exanple a probe
card havi ng aflGcheilestipiespee typs ofRavipcediestygemhgving a prye Rrddd hi gh

frequency.,si ﬂﬁﬁ‘é £ test Heall d).’i ﬂ}%a@g@m{%tﬁ?@l (pf}’ar{ f@ﬁ% £b a%‘hﬂﬁlﬁ?ﬁy skill in
the art that the principles apply to several ot ﬁé@ﬁﬁgklcatlons such as to

t est , 10f orcoptretrppings 108iig RospERidatpngyithan ipfegaigd ccui Piggale precui t s,

received by substrate 104 from a test controller such as automatic test equipment (ATE)
110 as illustrated via lead lines 112 which may include digital, high frequency, high
precision analog, RF and power paths. Substrate 104 and IC 106 similarly are in electrical
communication. Contact points 108 may be selected from resilient electrically conducting
15  contact means. Contact points 108 are positioned in an array that is a mirror image of an
array of contact points 114 on a DUT 116 so that, as probe card 10 is brought into contact
with DUT 116 each of contact points 108 contacts the corresponding contact points 114,

thus establishing electrical communication between probe card 10 and DUT 116.

20 Prior art methods and apparatus, including that illustrated in FIG. 1a, have
limitations imposed by the system architecture. Prior art probe card 10 has contact points
108 in a specific array to mirror the corresponding contact points 114 of a specific design
of DUT 116. Thus prior art probe card 10 is limited to testing only one layout of DUT
116. Significant routing of signals is required on the probe board for transmission via the

25  IC, as illustrated in FIG. 2, leading to signal distortions requiring further treatment of the

signals. Tests necessarily are conducted sequentially or with a low degree of parallelism.

FIG. 1b shows a complete system that includes ATE 110, computer unit (115) for
controlling the ATE 110 and test control unit (111). The test controls signals and test data
30 is delivered to and from the ATE 110 and DUT 117 through the lead lines and the probe
card. The DUT 117 is located on a controllable wafer stand (117).



m croprocessors, high-frequency circuits, high precision anal og, storage
devi ces, and m xed signal circuits. 25Using RF as an illustrative exanple
of its application, the signal integrity issues, costly RF instrunentation
and conpl ex probe card architecturesiphat all work against high parallel RF
waf er test capability using prior art probe cards are overcone, thus
providing greatly reduced RF wafer test costs. This solution allows quality
nmeasurenents of inportant RE paraneters such as frequency, pomer | evel s and

noi se figure at f I | i to RF
applicati ons, Re {e\/\n@n%et F%% e coc?e\r,lv:a}zdggmlt %ﬁf@{%ﬁ@ém% r§§(t:rﬁ| g%%% scussed herein
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descr isbed 2vitd dhef @TREENT €04 6n frbke cadd thr ough 15. FIG la illustrates one type
of advanced test system having a probe card 10 conprising a test head 102
that has a PCB substrate 104, an IC 106 and a plurality of 10contact points
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m nor i mage of an arra cont act OI nts 11 on a SO that as
pr obe cartMpela@ldlg§om¢t0ugmhyFImléaY@bfmfewT Wa thwwhirled@%tqﬁt BUTcldﬁﬂsdét poi nt s
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el ectrical confrunication tween probe card 10 an DUT 116. 20Prior art
met hods  awdfigppamatrgsométrconivitng cotrespoid tolkst spatiBiel aichiteeiug ofithe  have

com ot RRGETRIRE M b e RS LSS ers CNIG) AR BLONM, Card 10 has

contact poin ih a specl |c ar rror e correspondi ng cont act
poi nts 1]1¥1e0és1@cffp)@d'()ﬁhmadesmagmowram%tedhﬁmb&mﬁsespr| or art probe card 10 is
limted to testing only one |ayout of DUT 116. Significant routing of
signals is required on the probe board for transm ssion via the

Thus there is a cost advantage that accrues from use of an apparatus and method

for testing DUT 116 for which the costs for development of the components can be

20  amortised over tests of several different types of DUT 116.

Referring to FIG. 3a, a probe card 100 for testing DUT 116 has a plurality of
probes 202 and a plurality of active probe integrated circuits (APIC) 204. There may be
multiple probes for each APIC 204 or multiple APICs 204 for each probe 202 or a one to

25  one relationship. Each probe 202 is immediately adjacent to corresponding APIC 204 so
as to minimize signal wire lengths extending between them. Thus there is minimum
distortion of signals between APIC 204 and corresponding probe 202 and therefore
minimum distortion of the signal transmitted to or from DUT 116. Each APIC 204 may
be designed so as to provide for conducting a specific test on DUT 116, or may be

30  designed to conduct one or more tests from among several tests.



251C, as illustrated in FIG 2, leading to signal distortions requiring
further treatnment of the signals. Tests necessarily are conducted
sequentially or with a | ow degree of parallelism FIG |b shows a
conpl ete systemthat includes ATE 110, conputer unit (115) for controlling
the ATE 110 and test control unit (I 11). The test controls signals and
test data 30 is delivered to and fromthe ATE 110 and DUT 117 through the
| ead |ines anbdlG Reilpwsiases usapticantilguermurbes 202 angd spbdmteed 0ol wall Bont rol | abl e
waf er stand (117 [ I as RF
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geonePr y conpensnls (p¢S shovpeiprisitet 2 oprasite e P bsicHit ect ure of the

15sel ected DUT 116. Thus the non-recurring engineering costs ("NRE")

associated with the design of IC 106 are anortised qQver a |imted nunber of
tests. Thus t Reabes 2@ maxbrsecondiganst By &peitionag Beme StgRYs Be¥Ma4n appar at us

and met heg reconﬁ%jrnd %%ﬁﬁ%ﬂo&;geéﬁmewnmng Bevysitidg iR, devel opnent  of

t he conponents Ta rtised over tests of several different types of
DUT 116. Referring to FIG 3a, a probe card 100 for testing DUT 116

has g pl “E aAH 8’(}333) iﬁﬁéﬁ%ﬁeﬁ a&%r%@goﬁunfé%%}?eg&% ?ro@é Aghby ﬁasl%fmﬁn%la}“ egrat ed

circurts ere my obes for each APIT 204 or

mul ti pl e phdHe€20284 ARICs@a¢ v tpstobeDRI02116r a one to 25 one rel ationship. Each
probe 202 is immediately adjacent to corresponding APIC 204 so as to
mnimze signal wire |l engths extending between them Thus there is m ninum
di stortion of FEGghalissthes aseher ARbAiREAL wiretein probe sgyd ho hay alwbléty 2062 and

Ench Pl cien kprdrstdelb et o a b s PUTE For conduct ing a specific
test on DUT 116, or may be 30 designed to conduct one or nore tests from
among several Ftl(%SBtds is a diagram showing multiple APIC 204 testing a single DUT (not
shown). FIG. 3e — 3g show APICs with alternate companion ground lines. FIG. 3e
illustrates a single probe 202 with a single ground 225, FIG. 3f illustrates a single probe
202 with dual grounds 225, and FIG. 3g illustrates a dual probe 202 with dual grounds
25  225. These types of configuration at the probe end 202 are known as GS, GSG and

GSSG, respectively.

FIG. 4a-4d are block diagrams illustrating four embodiments of probe card 100
comprising different type of probes 202. It will be recognized that the examples shown
30  are for illustrative purposes, showing several among the architectures available, and are

non-limiting. For example, as shown, probe card 100 may have a probe needle 202, a



11 FIG 3a illustrates use of cantilever probes 202 and substrate
220. It will be recogni zed that other types of probes may be used such as
sol der balls, mcrosprings, and other electrically conducting resilient
contacts as well as non-contact probég8. Further, it will be recognized APIC
204 may be nmounted directly to the probe card 100 w t hout 5substrate (or
“interposer") 220 APIC 204 as illustrated are at proximate end 210 of each
probe 202wirglgss\prqbe 288A rand 6 Anterng 224 i allam for poalespeppmipwinicatéon, wlicht di f f er ent

sites rel gLl ¥6,50hRbORGuREPon ASiv h,logg%(g@t ed in FIG 5 and described bel ow.

API C 204 mey be in comunication by electrical comuni cation between
substrate 220 and substrate 218. Alternatively, substrate 220 nmay be in

el ectrical co nkcad.i L: i . it 0. ¢ ent no hown)
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i |1 ustrat®s %\pr?gglﬁgﬁl%és’gﬁ%}%%ﬁn%’ﬁ?’ m%ceb?‘g?h&péé%@g%‘éﬁ%s%ﬁng%%t}?’cﬁﬁ%r ality of
probes 20&oanekshPiccare? OtileDeripestie 200 & Hhlbstal208. APIC 26k Gan BGsituhtbdist r at es |
anot her enbodi nent rein be card 10 as a.plurality of APICs 204 an
probes Zoﬁprfﬁlni%ges‘?“d%&%??rﬂ%% S 1R ti‘%’é‘%lgogalflw InJpe %“‘%/fﬂ 8PRgtam showi ng
nul ti pl e 98l &£ilRR%att@BLFIGYSH of inftghidal Eippdt02065R AN rated 11F1G38d,- 39 show API Cs
with alterpate cog}é}?ni on ground |ines. FIG 3e illustrates a single probe

d . .
202 h aIaPpgReeheiel ipros U0 g idpstrated i FIGs Sf-r BeWseAdRRICH SBIROTI202 wi t h
dual groupubsand 3Qista2 8kl F10Gf pRbe2bd. URLHIB! 8558 piiwaoPTsQReatedd it ilktdiual

grounds 25 225. These types of confi ggurati on at the %robe end 202 are known
as GS, GCSwdzrd isabisdp npaks peutact withy selected contart puint43d4 ap Diflel 161 Bk Sai agr ans

L1 1 ustrat jiingrQuh opHROM FBHLEP1820R 1 ORBof AL IO AMRE S, MIDEHT i §r ent type
of probes 202. It will be fecognized that the exanples shown 30are for

i || ust r at fhgaugh thepee elsantesning 23 gitededemadachapiohiRf Ct 204 2ad etiennee 2% @s avai | abl e,
and af€ ¢ontact point 114 of DUT 116. In this embodiment APIC 204 may be one component of

a substrate 220 for non-contact testing of DUT 116. Alternatively, antennae 222 may be
located on substrate 220 to facilitate communication between APIC 204 and DUT 116.
In this embodiment, when substrate 220 is in close proximity to DUT 116, signals are
transmitted between ATE 110 and DUT 116 using antennae 222 situated on each of

20  substrate 220 and DUT 116. FIG. Sfillustrates another embodiment in which APIC 204
at distal end 212 of probe 202 has a contact 202B for contacting DUT 116 for purpose of
electrical communication. FIG. 5g illustrates another embodiment in which substrate 220
at distal end 212 of probe 202 has a contact 202B for contacting DUT 116 for purpose of

electrical communication.

25
FIG. 6a through 6i are schematic diagrams of different embodiments of probes
having inlet/outlet ports and an IC used for translating control signals to and from
advanced testing equipment and stimulus and response signals to and from a DUT.
30 Referring to FIG. 6a through 6¢, substrate 220 has a tester interface 214, a DUT

interface 216, and an APIC 204 that may be a signal test processor 224. Thus, DUT



non-limting. For exanple, as shown, probe card 100 may have a probe needl e
202, a 12 wireless probe 202A, and an antenna 222 to allow for wrel ess
comuni cation, which nay or may not be nounted on active probe 204, FIG
5a-5f illustrates six of the variousipossible options for relative

pl acenent of 5 conbinations of probe 202 and a correspondi ng API C 204 or
probe 202 and correspondi ng substrates 220 having API C 204. A nechani cal
suppor t zafsffaqeﬁﬁﬁ@éf\?iﬂ %belﬁyleﬁtésaﬂw,cog@@mdégp@hﬁeﬁ% foveemprepaiop®f to a
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APl C 204 and QUT 116.. I n this enmbodi nent, when_ substrate 220 is in close

pr oxi H t yovdreaispey. fegh &5y rnay sradipdreaReiei P v PERS Singy INGR ATeAIFieN1R6 °Aand DUT 116
using antggpae 222 situated on each of 20 substrate 220 and DUT 116. FIG

5f illustrates another enbodi nent in which AP1C 204 at distal end 212 of
probe 202 has a contact 202B for contacting DU' 116 for purpose of

el ectrical CORWPIfREOM6 by De ahntenhd SNVBLBSARVOBE on SRR FBHLs | N Whi ch
| d 212 of probe 202 h

substrate 220 at distal en . robe : as_a_contact 202B for

cont act i ri§owwin Hfe 6b.0yirgd fppdectricst cammaeniedtion) or adwbaicheichese ontioss FI G
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havi n{:;soi n@éﬁ%ﬁt& ’e%ﬁportsrhélnt% lgnﬁ gﬁl sggg?tgtﬁﬁtaggtﬁls?ﬁg??ﬁ}g corlcfeflg{) signals to
and fr omsabsteateci2f usiegsolder beliupnmtesn meangifamiliantd theseakidled esthomte signals to
and froma DUT. 30Referring to FIG 6a through 6e, substrate 220 has a
tester interface 214, a DUT interface 216, and an APIC 204 that may be a
signal test pridGeskax 622 didgnarss of@udtherl@nhodingant alCech?l bavorfg iAfegiGted04 i s
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20 translating control signals to and from advanced testing equipment and stimulus and
response signals to and from DUT 116, similar to that illustrated in FIG. 6a through 6c.
In the embodiment shown in FIG. 6d and 6e, an integrally incorporated probe 202d is
created from the body of the APIC 204 using one of many known MEMS fabrication
techniques. These techniques can be used to add a microfabricated probe tip structure
25  202d during manufacture, or to create a microfabricated probe tip structure using
subtractive processes. Probe tip 202d has a modified probe contact created out of the

body of the APIC 204.

FIG. 6f and 6g are diagrams of a further embodiment of APIC chip having
30  substrate 220 and APIC 204, providing serialization and de-serialization function close to

the circuit under test. In this embodiment APIC 204 has electrical communication



Tester interface 214 is for comunication of control signals (such as |ow
frequency anal og, digital or a conbination of digital and anal og signals)
219 between APIC 204 and 5ATE 110 el ectronically using hardw re connections
and/or by wireless signals transmttdd using radio frequencies or |ight.
Signal test processor 224 transforms signals 219 received fromATE 110 to
signals 218 for transm ssion to DUT 116 via probe 202, and transforms

si gnal s 2aBneeic i & nivltéete prmlle iev snsed signnly for Mefaping the ARE A1 @sidon to ATE
110. The @ﬁ%g%ﬂ1%%lde'h5y§eh%ﬁ&,gxﬂ?ﬂegd FA&zl?%ﬁ%fz%' Ihdoq Slegnal s 218 and

219 may be ow frequency, requenc re guency, | ow

preci si onmulmpg:mgnakaqhametsrfprmrfbcmgiwghtAéuE11|DU|‘ interface 216 nmay be an
antenna, a MEMS probe 202C on substrate 220 as shown in FIG 6b, wired for
el ectrical conmunication, or a hybrid of these options. 15Alternatively,
API C 2D4 may WG 6h drfdlGi precdliﬁgpé'mmf'aamhatmdﬂmdt@ﬂ/eltclt:rjoaahipwr@@mngct ed to

substrate 220 ysi.ng.sol.der S or her ns famljpar.to , those skilled
inthe ar’fr’?m%ryésuggﬁ?ﬁté‘mégsg aﬁ?egﬁlr’?hﬁ Fllé%atl%rh%’t’iﬁtf%ﬁln‘fseé‘?%ﬁ chip
havi ng incjtlﬁgﬁah&d td3i. ghthi?snﬁﬁdApllmllﬁd f1ﬁ§ fnuﬁipLHIQSall;M Tolv spedd sugnais:fw of | g
inlet/out] et C use or ns atln confrol signals to an
from adva‘ﬁf?éfa &F‘ﬁgz‘d b@Lﬁ“Jﬁﬁ@er ﬂé%IaUgt“g'ﬁ‘ldﬁ ascgaly freklings-Jpang to and
from DUT dlndirBénh k&ﬁpér@nﬁﬂ@& pio|v1d€§ﬁ1|éﬁ5@qedt Patfera at BRntsPl@UgDLACI 16l N the
enmbodi rent shown in FIG 6d and an integrally incorporated probe 202d

i s crHat ebis Frsgies e meed lings 19 WéefWPW@h 2‘(?4“*@9 294 cbimeand thepagigory irsiipg NEVS

fabricatign b‘é%ﬁh@dd%ﬁ%m tHORSE: 118C MAmPYES i GRIMBRoHSEHink B16-K Uilin the
m crof abricated probe tip structure 25202d during manufacture, or to create

a mi cr of apPICHMdE- probe tip structure using subtractive processes. Probe
tip 202d has a nodified probe contact created out of the body of the APIC
204. FIG 6f and 6g are diagrans of a further enbodi nent of APIC chip
havi ng 30substfil§t & shegs aprspaPi @ 2o of pmovdlihing PE@ ridaprobathiom camie:
de- serd al L7 iRy U RhO PR EARGRs bk drfific Slohditthil pHRCEE il &R m thil ' ©

the probe tip and arm and body are integral with the APIC processing elements enabling

high volume extreme precision in the production and signal processing.

FIG. 6k shows a perspective view of a monolithic APIC and probe with divisional
20 signal processing which is enabled by the monolithic construction of the probe, probe
arm, and APIC processing elements. This figure creates a two level processing APIC in
which the APIC element 204A is the back end interfacing to ATE equipment while the
APIC element 204B is the front end used for processing signals at the tip end. This
- enables very high fidelity signal processing with virtually no signal loss and noise. The
25  advantage of the APIC concept with monolithic construction enables various probe
shapes to be created out of the same base APIC substrate. An example embodiment of
divisional processing may be a pre-amplifier at APIC 204B while APIC 204A may
contain digital signal processing. This can be used for a variety of applications including
RF, Memory, and SerDes etc.
30



channel s 219a for multiple parallel |ow speed signals for interfacing the
ATE 110 side while the DUT 116 side has serial high speed |ines 218. Lines
21 9a and 202a show nultiple signal channels for interfacing with ATE 110.
5FI G 6h and 6i are diagranms of another enbodi nent of APIC 204 chip
providing nmenory testing functions as well as serialization and
de-serialization function close to the circuit under test. In this case
APl C 204 has rﬁIuGt Glph@’vfpap%tmeeﬂlvelw ofvemandalitejn APIC fust probr with asttwghtt he ATE

de ,whi
110 side while Lhe e e%%c% oT 616 RReROLdd Wg' Tﬁ]% gés}tﬁlﬂ Al dha %aen%%ﬁ hi's

enbodlnen a conp provi es e tterns at h speed to
DUT 116. th@arhhis tﬁmedateé%hmzp@éﬁdrbmbedamngeimedmche tagtmiloginef thPI C 204 chip
and the ry testing can be off |oaded fromthe tester 110. Item 224a is
t he nenn?@ﬂﬁesting bl ock within the APIC 204 IC. FIG 6] shows a
perspective view of a nonolithic APIC and probe which can be 15

constructed using known technl ues ou e Ii hIC ece of silicon.
In this case tH& ﬁPSB‘éWSt‘?Ber%’i‘?ﬁt Vh‘iv%lﬁ{)a %‘ﬁqaf g“}?@ \E/)\ﬁﬂf h the APIC
processi ngyvRicaMang [RbaatihdFiths ghaiyiall eEarexPloBae pr eCI SI on in the
production and signal processing. FIG 6k shows a perspective view of a

monol i thic APIC and probe with divisional 20signal processing which is

enabl ed by t hexgogahich Gmcsﬁmrarrﬂb@{dd%rﬁﬁsstphﬂu&idhbﬂ'nl\m:@mea@ﬁtmn tand API C
processin elenents i's gure creates a two | evel roce?5|ng APIC in

whi chlq hethapslaneddesigmat PTQG%%WS §h% Renpik clsmants RhBAE Y §'283E dqui prrent

whi [ e the, Qb %&L&%&tof%%ﬁame bh&efrﬁ&erlthmrh%e%fcﬁqs RLREBIBhAE Si gnal s at
the tip ehd. Is enables very high fidelity signal processing wth

V|rtualIyﬂmmn@nghalmbbssﬂﬁhﬂ noi se. The 25advant age of the APIC concept

wi th nonolithic construction enables various probe shapes to be created out
of the sane base APIC substrate. An exanpl e enbodi nent of divi sional
processi ng mayFrom the pm@t)amﬁﬂmbbdmenatthawa@maldﬁmdl ié WilPbageo@axedmy cont ai n
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describe herein prov1des advantages to several application areas where the APIC IC can

be designed to optimize a particular application.

FIG. 6f and 6g show that SerDes is an application area where the apparatus can
20  provide advantages over current techniques. In this case, the very high speed SerDes
signals are conditioned by the APIC device enabling these high speed signals to be
effectively tested using standard ATE. This embodiment of APIC 204 can be used to
condition, amplify or even provide a local Serialization or De-serialization function to
enable low speed ATE 110 to be used by sending the lower speed signals through the
25  probe card and thus to ATE 110.

In a manner substantially similar to that for RF or SerDes interfacing, APIC 204
can be designed to interface to high speed signals used for memory systems such as static
or dynamic RAM. Such devices have very high demands on speed of signals from testers.

30 In this case, at least one APIC 204 can provide very high speed signals and level testing
within DUT 116. This application area can also benefit from an APIC 204 providing



FIG 61 shows a perspective view of a nonolithic APIC and probe with a
straight |lever armon the probe side of the nonolithic body. This has
utility in that the length of the armcan be created to m nim ze DUT probe
damage based on the technol ogy of thaeDUT. 5 FIG 6m shows a
perspective view of a nonolithic APIC and probe wi th divisional signal
processing with a straight I ever armProbe. FIG 6j through 6m show a

met hod f csomeessligemstfort manory tesiimy Ssvell as adibdPesi forction to enabledowsilipgsded si gnal

processing,.the nonolithic ele .be nore easily placed in a probe
card beca%%tglgg? b‘f ﬂagqe41%ﬁ’d§‘%wnbﬁrﬁﬁ1§hgnﬁgl ithic element which is easier to
handl e t han i ndi vi dual probe needl es. Fromthe variety of

enbodi nents that .can engendere ' i be.recogni,zed .15t hat the
apparatus is P‘lﬁﬁlﬁd?fgedeqtgmg%‘ﬁﬂeg%ff%ﬁwt %d%?a&ﬁegﬁsé%ﬁdfﬂ:g%ﬁgaﬁeal s. The
appar & uspfAgaatit betikpesfRievicd ik dosldassady tBgABIC prosiugl aindajppingaad i on ar eas
where the APIC I C can be designed to optimze .a.. ar#i ul ar application.
FIG 6f affdsipgrefgwpmuineselmiatly sparpmeliiestng s Bﬁltﬁ Té’jo‘(?(ﬁr@ﬂ‘éegplﬁ%byappar at us

can 20 prQuidfaAchaniiRgRso QRN and WTEHeedse I UBhGIALE For thil abflicaticame, the very
hi gh speed SerDes signals are conditioned by the APIC d§Vi ce enabling these

hi gh speedPL gifagas epgplrery hieh sped @ppmeRisteing ¥Ry "erhadifd ATE. This

enbodi ment, 59fi ARKE THE4 16AhBRs #4988t Pakanditts 8MStripMebinlzyA®4n even provi de a
| ocal Serialization or De-serialization function to enable | ow speed ATE

110 t 0 beappdicationpf SerdhRgsigtnd tesingelor Biskegs osisEiRdpsing Rrrokfghensed- 25 probe card
and thus g, ko0 ia]izbd b BRAEInd SHBRIABY ioRhtlots Sdnich@lizdgo that for
RF or S_erf.:)gré ;’I;nt er?ggllyr?'ge,(:la'%ldéo 204 can be esslﬁgngd t(_osi nt eerféée’ to high
speed si gMaIhARISSD4f onltiplsrhighspssispasamectadeiekiingsan bacdraebout dp aamidar RAM - Such
devi ces have ver [ f. Sl 30ln this
case, at S ?Oo%%gﬂgﬁﬂ&g%ﬁ?gg%ﬁ%r%\gﬁg% t@é‘}@‘!‘cﬁﬁ’gﬁﬁ‘é’ %&g‘g&éﬁﬂgﬁa timand | evel
testing wedrditionBigT A ESamplidSthimpphiple spded framsiste testing &lr sdhidhghelfiigh sfeedm an APl C
204 providin 16 s {,ntell.igence for ry testing as well as a SerDes
functirlgn P%a‘gﬁtﬁﬁlaée‘ﬁggv\%irtt%gbéﬁla%§13§§9%s o rrtl(gl()éésarri ed out, shown in FIG 6h
and 6i .

FIG. 7b shows another embodiment APIC which in this case includes a source

measurement unit (SMU) 244a which is typically on the ATE equipment. In this

embodiment, SMU 244a is incorporated with or is part of APIC 204, thus providing both

20  higher speed and lower interference from long signal runs.

While the discussion shows the advantages of using APIC technique on wafers or
ICs, an application area that would benefit is that of advanced packaging. In advanced
packaging multiple ICs are combined together to form a module or composite IC. These
25  packaging techniques are limited to low speed testing. APIC can be used for high speed
testing of these devices. Applications include System in Package (SIP) of various kinds
with active or passive substrates as well as packaging techniques which redistribute
signals such as Redistributed Chip Package (RCP) or chip on substrate or laminate
packaging. Strip testing of multiple ICs is another application. In this case appropriate

30 embodiments of APIC 204 can be used to test in-process or final packaged parts at both



Simlarly, different enbodi nents of APIC 204 can be designed to facilitate
5 paranetric testing of devices. This would include the APIC providing,
condi tioning and sensing power supply lines. Currently, paranmetric testing
islimted to low frequencies by the 17 mtations of the probe card and ATE
speeds. In contrast, for this application an APIC 204 can enabl e very high
speed paranetric testing using normal ATE infrastructure. These limtations
al so | i ni highapded gedimediym apd/oston speere S1p arpviding Sigptarcayisrgedbanivpn of the APIC,
si gnal teg&%&g fol.package or strip testing can be enhanced. Conventionally
only specra 784 probe cards and single sited | ocations can be utilized.
Wth AP1C 204, multiple high speed paranetric testing can be carried out.
In a simlar r to.Scr t he APIC | i.gned .t o include

par anst 11 ¢ meatdPaERPIT BEESAERal iyl Se AR REAREBRERA, (MH RS peed
transi stor testing for which the high speed 15paraneters are difficult to

obtain using | speed t FIG 71 ho not.her enbodi nent APIC
which in this 8&%‘%8%‘}5{}3@? 9‘23%40‘6 P{:"&f%ﬁ%’z“f’ BnREeA b e’(@%effﬁ’o‘ﬁ’hﬁla which is
typi cal | y Fom. 7ah®o, A BbeSHUnNABENFIG. istokis Sciertadehllyeind compbhintsfa i s
incorporated with or | ar f C,.204, thus i.di ng bot h.20, hi gher
speed andpFE%%W“@%ﬁé?gipghgglgPGthUH§“§$ Qﬁnfﬁﬁgﬁogcm1“m”WWW$%§the

di scussi ORszBRWE ah SortiAMAURTenBiwithid &t 18RLEy vbkhRhdtery@lt Wifogs s or | Cs,
an application area that would benefit is _that of advanced packaging. In

advancdBd PEREREET HE ALPYEH FRNItoRIng OISR REFIS'3UBE ARt to form a modul e or
conposite cb&ersT&ﬁﬁgni%%ng,gﬁ ﬁgﬂeﬁgs : CHMAHRDr A1 shdellinicfbr} PidrAve Speed
or hi

testing. APIC can be use gh speed testing of these devices.

Appl i cat i eprditioninasdbessfancenns de mPhkvg b siividualy fabrsrddukiids with active
or passiv%oﬁﬂggh&ﬁ%ﬁﬁﬁg§ﬂg@k%ﬁﬁ§hﬂﬁ@&gggggﬁhgphniques whi ch redistribute
I st [

signal s such as Re ributed Chip Package (RCP) or chip on substrate or
| am nat e packaging. Strip testing of nmultiple ICs is another application.

D LN8 o258 APREOBHAL Ll PURRMABALEAPIC MM ol fRsed Lo Koot

i n-proCess or ftinal "‘packaged parts at speed and nedi um and/ or
| ow speed mdahuemepr ouit BMY) ZH4eatstead 0O evnappeatorddd shewvrurhlentd. YlGgai | abl e. A

further option is th conmpon e tr . chi.p-iA=chip. 5
Advant aged %W§$£%ﬁFE%%bﬁ“$§S%ﬁ%%@é%ﬁé%ﬁ@?%%g fpﬁﬁéﬁgggéﬁgﬁheﬁég%ples shown
in FIG 7a]07h,aBgh spBld biS@5artiG88b shelwea saties SAAREC 3@&hmimadciedah karies he

conponent s .of le APIC 2 . 7a_and. 7b ill.u that an
AP| C 204 é’ﬁﬁ’ %@%? g‘?%‘&%&%"wﬁ F&E‘é@%& “gh@ R SREPTHSAT R éﬁ%ﬁﬁ @V’\‘}m thin one
| C body WhuebhsE®ad v dayh 6flikr. FHE.i8dWBows a wireless interface for communications

signals 219a between APICs and the ATE probe card signals.

Referring to FIG. 7a, substrate 220 may include tester interface 214, DUT
interface 216, APIC 204 programmed for signal conditioning 224, a memory 240, a
25  controller 242, a comparator 244 and A/D — D/A switching capability 246.

Preferably, substrate 220 has the components illustrated schematically in FIG. 7a.
ATE 110 sends signals to program individual APIC 204 to conduct a specific test or tests.
Each probe 202 is in communication with a different corresponding APIC 204. Each
30  corresponding APIC 204 can be individually programmed to conduct a specific test or

tests, and so several tests on one or more DUT 116 can be performed in parallel using



10 processes such as power conditioning/ nonitoring, RF signalling and
conversion/nonitoring, H gh speed serial signalling or high speed nenory
interface conditioning. These functions do not have to be individually
fabricated but can be controlled to bgactive via the ATE interface signals
219, 15FI G 7b shows anot her enbodi mrent of APIC 204 that includes a source
measurenment unit (SMJ) 244a instead of a conparator 244 shown in FIG 7a.
FI G 8a showslguben2(i2i Fat examples ALY Oafay MRSt 0de spaciépdfiiie P4 tp i n

conmuni cat | wi th. ATE 1 i a. [We! o a series
of APt C ooH ERHACRA oAt 21 Bulk et AR el by Snllgiherklr SORUP 2 O

APl C 204 icell, 00 sornibthat fluootiomd AththeAsimeltibie, WTE 120 chupro2@th anthenAPIEC 2Hch ot her.

FIG 8d shows_.a wi.rel ess interfac or co i ions signals 219a bet ween
APl Cs and ' FPHRYE ‘{3?‘5}9 O%Q’E%Yeg{lﬁng’lt 1S “ﬁ&?%%fﬁg?‘% @aﬁﬂuag&an@ubst rate 220
may i NGl uGgodr@s b@leral APET P@L® pedfdnm $hMral differentitsty drage o2 ifore PETCT1204

programmed for signal conditioning 224, a nmenory 240, a 25 controller 242,
a conparator 244 and AID - DA switching capability 246. Pref erably,

substrate 220 has§abih§ FAMBONGNAS ferfdrmlistdrali@t is phandtbefalslayvintigtd G 7a. ATE
110 sends signals to pr ;&y am i ndi vi dual API C 204 to conduct a specific test
or tests. tEgesh yeobtssths ?%09Vﬁr\e36r?fralﬁpe&rﬁrbﬁafstﬁﬁnf~ﬁn§wmﬂ%?éﬂ? 188r r espondi ng

API C 204. EafRedAestn PN inGgqRRELC 204 can be individually programred to
conduct a specific test or tests, and so several tests on one or nore DUT

116 cdf be performed in parallel using 18 several probes 202. For exanpl e,

ATE 110 may pr QefamofgosREFld dschiidn h%i%n aelgcﬁ&afhi@l%@edi@i&dfs;@efsj on as a

k
| ow noi se anplifier, a’high frequency signal generator, an I/ Ocell, or
sone ot herthd appetaiugis noAlimithétodwrdwirddrsustest AltenrptvdnABKodMtn & ot her API C 204
to config It At L hfar: . I ikcd10 may sequence
and 5 proglﬁlg%bsegt\?gw a&ﬁ%&gaéﬁtlgt@g%%f%ﬁgggﬁ/ﬁsgﬁugﬁs?ére%tc tests on one or
mor e DUT Xkbsuection betwddnenidbiple iAPYC 364 AadEhd ADEtpoohgerfdoshewsigver al tests in
paral l.el canfers advant thr h .of h . over use of all
pri or 1§rt cé’rfgfuénr‘r:éi&oqsﬁlgpﬁg%ggrai‘ gr“ggr%?rt%%%‘%féﬁzg%tdoﬁlmﬁglg%sts on DUT 116 in
sequence. chfmunicationdlchh Be ¢elnoverjhix lirtkybutfas ek, wsc cmdiesent hepeivide descr i bed

hi gh speed wired, si ls, t ratus is . limted to hardw.ted

oy St emee® hobiet ar b 203 g R 08 Rt B ERE b safitn oo SRS are

i nt er f ace.pokkefGn BRICHAS: iAtettial Bldesteriahter The proeenasy high idokitiveend nul ti pl e

APl C 204 and the ATE_probe card, show.n 5 ications sjgnals 219a. It
will be redaghHrEea™ feq?gltm%’m’@‘?aﬂ? Fcép%‘gsﬁl"c‘gwgﬁlwmp?ﬁ%‘g&é sent over

this ldgnk Mwireﬁ%edﬂﬁiﬁbe& power can be sent to provide power to APIC 204 and

any DUT 116 connected to it. RF power can be converted to DC power in APIC
204 for internal and external use. This provides very high isolation and

A further advantage accrues when APIC 204 is programmed to analyze the
response from DUT 116. Referring to FIG. 9a through 9c, when substrate 220 having
features illustrated in FIG. 7a is used, substrate 220 may be programmed to compare

25  incoming (FIG. 9a) and outgoing signals (FIG. 9b) from DUT 116, data from DUT 116
against standard data, or other analytical functions. APIC 204 analyzes the data from
DUT 116 and conveys the result from the analysis to ATE 110. Thus there is no need to
transmit all data from DUT 116 to ATE 110, with consequent saving of transmission time
and signal bandwidth. For example, a test conducted on DUT 116 may result in a simple

30  pass/fail decision. In this case, APIC 204 transmits this result to ATE 110, as illustrated



signal integrity, thus enabling nore applications for APIC 204 when
conpared with 20 hardw red techni ques. A further advantage accrues
when APIC 204 is programmed to anal yze the response from DUT 116. Referring
to FIG 9a through 9c, when substrata9220 having features illustrated in
FIG 7a is used, substrate 220 nay be progranmed to conpare 25 incom ng
(FIG 9a) and outgoing signals (FIG 9b) fromDUT 116, data from DUT 116
agai nst sindiiga?aindgadiof the plotahierofsatalthat ladde thigseetls, maulting\p) @nOFNINghal yzes t he
data fro Q om the analysis to ATE 110. Thus
there isr%%gééﬁtﬁg{g ?'gsnag%%%@%{apﬁéésﬁ géd}‘%nézﬁﬁ{gbm 116 to ATE 110, with
consequent saving of transm ssion tinme and signal bandw dth. For exanple, a

t est conducte n f 116 esul in a.si jfail decision. In
this case, AP%&%E)@US}’?‘%%XWE}T’E%PEF ?é%ﬁ@?nﬁagé%ié%ﬁ%%?ézéﬁg lustrated 19 in
FIG 98, irastresinafodt vendihgisighald oo Tialtla td DRI 116dFICo 10hsiewsesul t

resulting in ti .sayin for. ATE 1 tions and .nore.rapid,test
sequenci n‘@f‘.a.mpiﬁsg? st tr@‘%ﬁ aE?(‘Er‘fﬁ’l“éé\%(B{: ggl?ﬁlrfﬁ'fe“fef 20de- sy S(l[;%nsalsusi ng APl C
204 in 5 Ep@ANMNIT $8 @ATEO®,. sending signals from ATE 110 to DUT 116. FIG
10b shows exanples of signal transformations using APIC 204 in receiver
node, sending signals fromDUT 116 to ATE 110. FIG 11 shows

schematical |y tiesti S@walscieamaealy g dALversl QT i €6 LiiingteSiitigi qiflentl 0 Whi ch
may be hi gh speed ATE but using APIC to provide enhanced signal conversion/

condi #9 onWhigh may be h‘&hISE%edeTFsh‘g\%m%%I%Fod%\‘}é? eqhgpeed SigH PPV ¢%¥st i ng of
DUT 116 ugifagidifeOr art testing equipnent. Tests necessarily are conducted
on one or very few DUT 116 at any 15one tinme and, if nore than one test is
needed, such tests are conducted sequentially. A consequence is that

testing is at 1 . - ; Sddustrate the
TI:@%I/QO agn?growcgp Zgonductmg testih$bf BER ,IQ-@qs%ggréélra!rtu

use of a plura e pro 202, "each” havi ng API , for

si mul t anetusng mairaiche| Teste stdenggribfare eandretpd @UMerr geryGpy iPdHal 164t aghe t est can
20 be,gonduct n.sey U] LEStSefanudgaponduct ed on
any Ol’llg tﬁg?n%olﬁlgoégélr%gf) fiessttjr%r@eg%érzl{ B%ﬁ\é%gls u%toeg on s ‘\I/erg ‘DUT 116 in
par al | el . consequence is that testing is a time consuming process.

FIG. 13a and 13b illustrate the use of a plurality of active probes 202, each having
APIC 204, for simultaneous, parallel testing of several DUT 116. Optionally, one test can
20  be conducted on several DUT 116, or several tests can be conducted on any one DUT

116, or several tests can be conducted on several DUT 116 in parallel.

FIG. 14 shows one protocol for conventional sequential testing of several DUT
116 using active probes 202. FIG. 15 shows one protocol for simultaneous, parallel

25  testing of several DUT 116 using a plurality of éctive probes 202.

Referring to FIG. 16, a single cantilever probe 300 is illustrated. Cantilever probe
300 typically comprises a supporting arm 302 and a contacting needle 304. Supporting
arm 302 is attached at a base end 306 to the test unit structure. Contacting needle 304 is
30 attached at a distal end 308 of supporting arm 302, and extends to a probe end 310 used

to contact a DUT. This is the baseline case that represents the current means by which



FIG 14 shows one protocol for conventional sequential testing of several

DUT 116 using active probes 202. FIG 15 shows one protocol for
si mul t aneous, parallel 25testing of several DUT 116 using a plurality of
active probes 202. Referring ta® FIG 16, a single cantil ever probe

300 is illustrated. Cantilever probe 300 typically conprises a supporting
arm 302 and a contacting needl e 304. Su%)ortvi ng arm 302 is attached at a
base end Bafrstae beieg teeted usind conteeirpiebasr E1G.d6ns atpraseptabemadelzgshg s

30att ache ' - - ' : ends to a

pr obe endgrﬁ%)sﬂlsc fe’%lé %‘gé 3%2?%@?55%{@2%%?&5%?%%@ %1 gbog}g%él IC?%gCtglgstgg t hat

r epr esent snpiclance of 3¢NR. featypichly dvnies by a20uremiveh soweeretigthnng SPébaneld usi ng
contact probes.  Fl 6 .LS . a repre Lve. : r ructure,
and not | AreRe o el aao R RRRES 3D EhbKR iBE S dlo MR BLORGASE {2

i npedasic eindfist300 iferfdck RFotmppnenssl [Thisdnatotes theyimaednoty e oskt hneswhicic e

resi stance 50 aa%.&%glim' nat egarb% at.l og{jf vm'tt h | ??ﬁ r esi sé} anceﬂa§po 11 which
i s the standaPeI° rauergy Sherpdlenisties, 4\ rev3enee §F PR UPT SO B8 Moonent s.
fThi s mat chﬁﬁoftah@-ﬂlmedzawgﬁwwlaclmedhdsigﬂs? wlgh@fe%m@ M&raly;tegi@tﬁxd. hihgsh )
requency. characteristics.. A resistance of 50.0 is also,simlar to that
of a co- piBRFErNCRARACIE §an (jpecHILFERe S@B@d“%%ﬁ“‘f‘?é‘&ﬁ%ﬁ%ﬁf“ probe

char act er tgld 6fShe giib#art. AN aRSCanda6ib bAgiwidh @h tasdigobieib withstdrétg hi gh
speed signals usin standard test praobe cards of the ri%r art. As well,
sl ew ahd FakiiguBa d’\/ﬁlft&lﬁpre’é“rﬁ@dﬁ%:db‘r}%F%‘ﬁhdewb{eﬁlg?ﬁlrlf’gﬁﬂt 8t echni ques. |f a

singl e prgab&e306s dndl kS QfdrdcleriBRSInpeMSLIEsRRbEmSLIONRldediRESOBhmEI Y
frequenci es and the characteristic inpedance does not nmatch the desired 50

ohns. Thi sanckerpetrefrera &G Kiofhir) dustiapesgrireplation Qfgrsinglesanglowsrpinbst i on of a
singl e caplifsy flenRfdR& ) 64a6nidhatih BFin{JeRALE NG e WutdR 28d a8 WBfCh Of
i npedance at the source and |oad wth respect to the probe needle. 15
| npr ovemerasgect torthpprohmdesdlsy i ncl uding a ground return proximate to the
signal,.probe as illustrated in FIG 18. A "bal anced cantilever"” probe 320
is forimred that can be nodel ed as a bal anced transmnission |ine, which
del i vers si gnalmmepemgpptsiret hemadalaf orluding agrqnd beum grakimathéo thhaigadt eri sti c
i npedance_of, _bal.anced, .pr Q.is.2Q00 a.lf it i ri sour ce
with sour Breobe &fllglgéan%delgggaéﬁéngalgﬁ?egicﬁxgilée\rﬁr b%/mtegfsﬁzggsd%vr\%’ ?f&ﬁ‘g%a%? esi st ance
50 Q themmdtlsd ain baipiced eamniissivntline rvasgeddivee sighd eserggbewperobafecade as can
be seen in the si atjion shown in Fl 9. The, signal t yrn. probe
pr oxi mat eaﬂ’BObFﬁ%rdrsrﬂJBﬁélFarﬁﬁﬁgc Hlboe?gar}%t%f R%%Sggrrop? éﬁﬂlé\%gé’ ﬁotf{l&fch DLI T 116,
it nmapoi ngtieachybesoans ReGtseticbiesisRyiccof0 A asdrithing@ bd 2 doadrwithilbdd a di el ectric
326, as shown in FIG 22. 25 D fferent types of Er obe needl es can be
used. For "SH&PEREES ﬁhﬁrﬁﬁﬁ%@pﬁ%vrefnsf%%@swtﬂit%fﬁswal%ara hEed Cantbe
realized R¥entifhedsRu@fonsBbdh GANG328 De sigRbretirn bBE pR3infd RRBESsigmor mal |y
with a grounded guard 332, as illustrated in FIG 22a, 22b, 22c and

probe does not necessarily have to touch DUT 116, it may instead be connected by way

of a small gap 324 or with a dielectric 326, as shown in FIG. 22.

25
Different types of probe needles can be used. For instance, improved
performance at high frequencies can be realized by the use of vertical 328 or “cobra” type
330 probes, normally with a grounded guard 332, as illustrated in FI1G. 22a, 22b, 22¢ and

22d. Similarly, micromachined probe needles and membrane probe needles could be

30 used to improve performance.



22d. Simlarly, mcromachi ned probe needl es and nmenbrane probe needl es
could be 30 used to inprove perfornmance. 21 Thi s approach al so
works for multiple probe situations such as bal anced |ines or 'double’
probes as illustrated in FIG 23. Referring to FIG 20, a single cantilever
probe was nodel ed and sinmulated with a 5characteristic inpedance of 300 a.
and driven by a source with source resistance 300 O and term nated by a

| oad wit h | oad Thesippoachcaiso30@kifor Mudteld prabe sitvetignsndeasdaldnteddides @si st ances

are equal ‘h&ﬁ%ﬁf&?g&g%@%ﬁ%glci].%gdance of the probe but that this is

non-limti source i npedance could be 50 and the | oad
i npedance could be 300 0. The latter case can he achieved where an APIC is
designed to interface ith a probe needl e and e. i npedance of the APIC
is matched to @ﬁ@@%@&gﬁ\é@’aﬁ’"ﬁﬁé’a‘bﬁ%‘ﬁépw e Q%?@%ggglgeg%&ﬁ).

Ref errisng dn@raktkSitic3@pédanécSor@06 €1 MRdirivBiaby @toubceGhith fdfkgesistanan360n@er t i on

| oss i nprovenent in using matched |ine t ource and load is from-9 dB to
-1.5 dB. mditgrmngtadypy arlpgd wigh foad FFéﬁ@éceo}O%ﬁ'bﬁPtﬁﬁ% CCaNET ?‘&6‘8?‘1’ probe nay be

i nproved. Baligfded 9 bl B dr c}?a}acte_ais@@in@ﬂa@@e@ﬁm%'gkmw 1p4takie imms- nodel ed and
sinmulated wwth a characteristic inpedance of 2000, is driven by a voltage

sour ce wi tlimisiogr B insagice tthazonrep dmpeangecrorldr e SO42 arfl 1§ 10gd fBBRdaRGet h | oad

resi st ance. 200,300 WPt fheli Ak ciB@aS MU GRvANIN 08 APRS IsfeBERS0 Bli&fRGUal tO
the characteristic i npedance of the probe but that this is non- 2

0
limtiky. Witha probe needis and the impedases oo 8B neaiehied thbe gopadangs@f ke | oad
i npedance | : ~at I whed PICis
desi gned té(:)r&l%n%grg g(%:gﬂ%é%sg@gop 'o%%ﬁ%ggfgf@;r?gqﬁﬁgg%&h‘%g?%ﬁce o?zt%{k%reeAAPl Cis
mat ched t dis th ssertipe baniveproventehinpsiob enatrbed live (oisaurch pyl loadsie o096,
Referring ttqlgldg 21, the insertion loss at 5 Giz is inproved in using
mat ched line To sSource and load is from-4 dBto -0.1 dB. 25 The
conbi nati on of parallel operation of several tests and nore rapid

collecijon and J.eporti.ng of data fr.omtesti DTJT. | sively
par al | ’té di str |%’3ﬂ%@ ’tﬁgg’teﬁfﬁg?%lﬁ? 8%% bﬁlaﬁlcce:%%?%%{?rip%%?e ’?ﬁé’egﬁ“gf‘%@?@ to perform
mul ti pl e tRskSingitdBIG. anethsdngediGintigvenprdtieplad nprdeled an@ b vdgsoci at ed

ret. the data from

e N Rt A 2GR0 Lo J0 el
consi der abp®@ () hi®teERMEBPEy b Noak @Gihi 1641 redahnd®dB0 81 Note that the source and
Joad resistances are equal to the characteristic impedance of the probe but that this is non-
20  limiting. For instance, the source impedance could be 50 Q and the load impedance
could be 200 Q. The latter case can be achieved where an APIC is designed to interface
with a probe needle and the impedance of the APIC is matched to the impedance of the
probe needle (in this case 200 Q). Referring to FIG. 21, the insertion loss at 5 GHz is
improved in using matched line to source and load is from -4 dB to -0.1 dB.
25
The combination of parallel operation of several tests and more rapid collection
and reporting of data from testing DUT is a new massively parallel distributed test
paradigm. In combination, the ability to perform multiple tests simultaneously using
multiple probes 202 and associated muiltiple APIC 204, and the ability of APIC 204 to
30  interpret the data from DUT 116 and transmit results from the tests to ATE 110 result in

considerable time savings in testing each DUT 116.



22 A further advantage of the architectures illustrated in FIG 5 is cost

savi ng through anortizati on of devel op and production costs over a |arger

nunber of chips 220 and consequent reduction of costs per test. A

di sadvantage of prior art systens, as2dillustrated in FIG 1, is that they
require design of a chip conprising substrate 104 and |1 C 106 specifically

for testing each design of DUT 116. In contrast, because each probe 202 is
in contact wwth a separate substrate 220, as illustrated in FIG 5, the

architecture of tr : r. i ral different
types of DUT ﬁ‘éﬁ Hﬁ%gfi %gaég%ggj cglsi’?cgﬁ gﬁrwga}faliet%;}ngﬁikﬁ?%mg%ﬁﬁgeach of which
i s indivi duabghyanprozatiamoiidvelop andipredadtiot 0odts aviet g harges npmiog oéchips2260 t hat
separate probes 202t c(gnguct setveratl oP ral([ilelttesftsri on QUT 1165. Probes 202
on test h&aHCTHEAUSEELLRPT PLCRPE sﬁgw WLRT AR R 5t Penabl es

cont act willlstread ih BIG. 1 hie thaethel kegdire desigacif aphiprbspdsidg abstEEN lad IC

Advant ages:. 15Sever al. advant S.acgcr. using .the a ratu escri bed
above. Nb\)loﬁépelcﬁf?alliﬂioﬁesg’%‘é@%gﬁ’és e n“égﬁ?ﬂcoélg aeﬁ@“%?*{%@am%?;of o sites
on the praobg cathél wial ysepaafe sibiiraR0bes ilisaatd h MGIP)thd ireistettae ofaf er test
environnment. | nt egr ated RF conponents, for exanple, on sili conb%gd Si Ge

circuits pabstaterZt meydecenaep ordeiing srygrahdidterratlyprser T Hidntest right on

the probe 208hgk a MitahtytdTAaraC0Y ol Ohehidd & MdiQelny rofinmde, sl @chal and 20
power signals need to be routed to the ATE system This allows |ower cost

ATE cdff i ghiatchanrrozsmmsidap theh pappiaty napkes R0 rrodugtastergharraligl &89/  such as up
to at | eagiyxbfs PRL & bt nERE2RGebSaridy RRES s?_ﬁﬁl BenYsRht WMot h many

different traditional probe card technol ogi es. Together, these features
enabl e noreaabiegriontactesith eagh of thersuireheanichpointe Akt ok AT Ak .d. 25 Si nce
API C devices are placed very close to the QUT the high speed/ RE signals to
and fromthe OUT can be converted to | ow speed/DC signals fromand to the
ATE. Thi s enablAdsantégesuse of economical, |ow speed testers for high-speed
and hi,gh f reaueney. 8okl NS ! Al BbaRRI RIMLISNL MovtRERE RE data
conver$i on and processl ng%.
RF or other measurement and sourcing circuitry to sites on the probe card very near the

probes greatly simplifies the wafer test environment. Integrated RF components, for
example, on silicon and SiGe circuits perform the necessary sourcing and measurement
functions right on the probe card. With the active probe architecture only DC, digital and

20 power signals need to be routed to the ATE system. This allows lower cost ATE
configurations, simpler cabling and higher test parallelism, such as up to at least x64
parallelism. The active probes can be used with many different traditional probe card
technologies. Together, these features enable more rapid testing of DUT, up to at least
ten-fold.

25

Since APIC devices are placed very close to the DUT the high speed/RF signals

to and from the DUT can be converted to low speed/DC signals from and to the ATE.
This enables the use of economical, low speed testers for high-speed and high frequency
tests since the APIC can perform the high speed/RF data conversion and processing.

30



23 AP1Cs pl aced on probe heads reduce noi se and potential for
channel interference. The ANC provides a configurable conversion of signals
bet ween the ATE and the DUT. Optionally, digital or anal og channels are
used between ATE and API C devices insi3ead of RE to elim nate signal
degradation, fan out and noise interference. Optionally, major 5 conponents
of test data processi ng and anal ysis can be perforned by the APIC, and so
only a lim tedAHéZtsalach:ma@rObmlmss teduds@oiso A priteviekfir Hhant érefaR@cATE and

API C, thu i the s f t possi bl e
to use slghv& '§g‘£%f ds ae‘%oé‘hg‘hfgb‘e%@‘&?\[&% O%Q%Hecpélt%g&lcwgﬂlr?ta?@h%ggfc devi ces
for paral Dﬁdloﬂaﬂg,tdxglgﬂ oxaamh:g(ahamnels hreadatabﬁt\aw AZSDFB&HCBAH@ @vxstwnst@dt est per

t ouch down red ct.ion.in er onvert the
signals f? Q?I"ém{“?)a &g fjr%ﬁra‘fﬁ% %%%“t ({anm elPts? ereacebae?%nép%gﬁa%&and vi ce
versa.sA tdhigdaerts aﬁt\éamhﬁgﬁooaﬁsﬁfgmé ahdlgsin MS|bage11fd“rﬁaeAB;’L€ﬁeo4}U§exndtso t he probe
head tip sg as to provijd reliability than c tions

avai | abl e®HH aﬁlﬁéteﬂﬂ?tﬁé]tgnglﬂe@%tt‘a © QUyRup et ?dr%%%‘fanrbefk’t% (f@ﬁﬁj ﬁl YBe used for
nor e advapQedny ks fgaﬁlsnﬁﬁnABhGoxﬁt@m TRIP flaBesregvisible Yo udersRey evdtbitbrs t y and
enhanced control APl C devi ces for 15advance%}sol utions. APICs may al so

be used t &drarais! ?%%&H@é@UItP&A?Iﬁs"(eaﬁﬁsefor B allgbfesting g TRIOT EBci al | y

desi gned 1 Q.HRECH & E&‘ﬁgl%faé&xé&feﬁrﬁe%h&x ddmegxﬁm&mﬂtm alovBhllpr@kecsneed to the
API C. Such mggdance mat chi n canrA%row de for significant inprovenent in

i nser #9 ontimg] HBEs carygrttthagen Vea 2dorgiabthatqap e prdersiond Byitbegrity.

In this paﬁﬁ@tanﬁoﬁyvae; Aﬁnﬁer%mtag%qeaﬁes%ﬁgusmgsmymb EBsdr icsth@on- | 1 mi ting
sense to nmean t itens l ow ng the word are 1ncluded, but ituns not
speci fi captope headttiponead tcaprevﬁ@hlgbwﬂwaémy than peTest epgtions avaiableighent by t he

I ndefini t%aﬁ{é I 1?al s%rxalg%%a@%an%glcm &s@@fo‘%%‘f’ézﬁiv@ﬁéeﬂ Rfé’rsﬁoﬂsaéf nore than
one of the resent ss the context clearly requires that
there be &REC &Tctomﬁguyahnln&, wherehmabilismedteshanced controltH ARG IdpGeiiser cl ai ns are
to unqgr st?od t0 soiuuSl ude what is specifically illustrated and descri bed

above, vapge concepﬁ ual Iy equivalent, and what can be obviously
substituted. 30Those skilled in the art w Il appreciate that various
adapt ati ons an di fi at| ons. of the. cr| b odi ne

configured w t’rgl‘g ?"We 154 Pamaty lmp§ca61C%S o ngan(éer al /Briél% ]%%'b"%h

illustrat epkcam‘paémmatt@mhah&ebﬁenactsﬁitlcflmpédanmﬂf)anRSF reotempbe® thend shoul d not
be taken imti.n he i nvention S eunderst dth within the
scope of ?‘rs%&f g{“fthdw%ﬁ & B ngf?fbprf’?ﬁ'\‘}‘étpﬁsgﬁﬂﬁﬁ’i} “BBroﬁ?r& {caef 6({"her than as
speci hipcaldsy rdshiidg i idipeshea Bignsl eRielidyaad integrity.

In this patent document, the word "comprising” is used in its non-limiting sense to
mean that items following the word are included, but items not specifically mentioned are
not excluded. A reference to an element by the indefinite article "a" does not exclude the

25  possibility that more than one of the element is present, unless the context clearly requires

that there be one and only one of the elements.

The following claims are to understood to include what is specifically illustrated and
described above, what is conceptually equivalent, and what can be obviously substituted.
30  Those skilled in the art will appreciate that various adaptations and modifications of the

described embodiments can be configured without departing from the scope of the claims.



25 Wat is claimed is: |.A probe card, conprising: 5at |east one
reprogramrabl e active probe integrated circuit (APIC) coupled to a probe
array, the probe array being physically reconfigurable to suit a device
under test (DUT) and the APIC is progrgammed to perform a desired signal
transformation to suit the probe array and the DUT, to provide power to the
DUT, or to performa desired signal transformati on and provi de power to the
DUT. 10 2 Thhdluprapdendeditheots haledieen skt forth enlg ianexatmplep astrbodd nefybeitakephysi cal | y

reconfigurapl e. by repositianj obes, in the probe array, actuating probes
[ n-the. br dbamigty S GRor 1 o PGS it O B BB g one 8GR TRL D0 B
card of clchim, the iS@ARUN 16dy1@ phRfi@d bihanthang spécifivallpilloaysedaad bespitee ar r ay
bei ng connected to at | east one APIC. 4. The probe card of claiml, 2 or 3,
wherein the APICis integrally formed with at | east one probe in the probe
array. 20 5The probe card of claim4, wherein nore than one APIC is
integrally formed with at | east one probe in the probe array, such that, in
operation, the at | east one probe provides nultifunction processing
capability. 256. The probe card of any of clains 1 through 4, wherein a
correspondi ng probe in the probe array is inmediately adjacent to the APIC.



7. The probe card of any of clains 1 through 6, further conprising at |east
one' control signal channel, wherein, in operation: 30the probe array
transmts a test signal fromthe APIC4.0 the DLIT and transmts a test
response signal fromthe DUT to the ANC, and 26 the control signal channel
transmts a control signal froma test controller to the ANC, and transmts
a control response signal fromthe APICto the test controller. 8. The
probe card of claim7, wherein the APIC is configured to convert the
control SSW@W%FC¢W@#ﬂ%he test controller to a higher frequency test signal.
9. The probe card of claim7 or 8 wherein the test signal and the test
response signal are selected froma group consisting of: RF signals, anal og
si gnal s, dlg|ta$psbgﬁaﬁsmnmnanzhe control signal and the control response

Ol Fre St 9o AR I P b SRURRCY pRBL IR ARG SABRGLoupichido s The P 0D

card of” any of ¢ rern t contr 5|gn channel is a
Wi rel ess cﬂsrabrrmfa.y, th5ﬂzrbb€hnaypbem’®pw&pdlyotcwzﬁgureble¢d siitrpgdeyice hmd@u@ﬁt 10,

wherein th on l.ler is ay tona ed t equi obe card
of any of ®‘Lﬁ d% ﬁ#‘@d@ﬂmﬁrfmf ?Her O C%?l:i-‘esdi %af){%@ Ogglgst%n & ne tgést er
interface ;ﬁSB@é&Ta@ztaﬁﬁiﬂWD[hT ab ploeris powaeto ARI BS,UTﬁ,rm‘ taperformstdesired s@@elont r ol
si gnal channe| ; | east one q#g interface associated with the DUT
and the aIU%WﬁﬁngﬁﬁémgﬁﬁqﬂdePH%@ §13V&r face el ectrical Iy connecting the
si gnal¢ est processor to at |east one probe for conmmunication of high
frequency S|gnals bet ween the signal test processor APIC a 9
: The probe card of claim 1, wherein the probe array is physically reconfigurable by
repositioning probes in the probe array, actuating probes in the probe array, or bending

probes in the probe array.

15 3. The probe card of claim 1, comprising more than one probe array, each probe

array being connected to at least one APIC.

4. The probe card of claim 1, 2 or 3, wherein the APIC is integrally formed with at
least one probe in the probe array.

20

5. The probe card of claim 4, wherein more than one APIC is integrally formed with
at least one probe in the probe array, such that, in operation, the at least one probe

provides multifunction processing capability.

25 6. The probe card of any of claims 1 through 4, wherein a corresponding probe in

the probe array is immediately adjacent to the APIC.

7. The probe card of any of claims 1 through 6, further comprising at least one

control signal channel, wherein, in operation:

30 the probe array transmits a test signal from the APIC to the DUT and transmits a
test response signal from the DUT to the APIC; and



said DUT; 25the tester interface being configured to transmt one of |ow
frequency, high frequency, radio frequency, |ow precision, high precision,
DC, digital and a conbination of digit and anal og signals along the
control signal channel. 13. The probe Card of any of clainms 1 through 12,
wherein the probe array is 30reconfigurable by bending one or nore probes,
by act uati ng: ong. o (HPGERLARRS Rhstils { RABY ghaPRth bepOSitioNaitagone or
nore probes. 2 i e probe card of any of claims 1 throu 13, wherein
the probe APiGyndoapniisasonnd repot @Y iEEES Aé’i%?@ﬂ*}%teﬁfr%Eg@%rd of claim
14, wherein at |east one of the probes is associated with nore than one
APl C. 16. The probe card of any of clains 1 through 15, conprising nore than
one APIC, gher eTle pastvaAPHCliim TpwbereiarrmedPICos coryrad taconvaa die REC!speci i ¢

t est on t he 1 17. T r ope r f J: 4 or 15, wherein each
probe i3 oﬂgr%o tgafﬁsﬁ‘ioggglferg‘?%@g?g\?rgrg‘fe?%}éfeg%}@g%, cobra probe, sol der
bfil I mlc[ ﬁsprl Rg, and a resilient contact. 18. The probe card of any of
cl ai ms 1 i i -

Broual Al ope il & idly &8P herdN L 9Bk B8 Ot ARiROLRGY P Obe.

are selected from a group consisting of: RF signals, analog signals, digital signals, and

the control signal and the control response signal are signals having a frequency below an

10 RF signal.

10.  The probe card of any of claims 7 through 9, wherein the control signal channel is

a wireless channel.

15 11.  The probe card of any of claims 7 through 10, wherein the test controller is

automated test equipment.

12.  The probe card of any of claims 7 through 11, further comprising:

at least one tester interface associated with at least one APIC and at least one

20  control signal channel;
at least one DUT interface associated with the DUT and the at least one APIC, the

DUT interface electrically connecting the signal test processor to at least one probe for
communication of high frequency signals between the signal test processor APIC and

said DUT;

25 the tester interface being configured to transmit one of low frequency, high
frequency, radio frequency, low precision, high precision, DC, digital and a combination

of digital and analog signals along the control signal channel.

13.  The probe card of any of claims 1 through 12, wherein the probe array 1s
30 reconfigurable by bending one or more probes, by actuating one or more probes or by

removing and repositioning one or more probes.



19. The probe card of claim 18, wherein the non-contact probe conprises an
antenna on the associated APIC, the antenna configured to comunicate with
an anfenna point of the DUT. 20 20. The probe card of any of clains 1

t hrough 19, wherein the APIC is positi8hed at a proxi mte end of the

associ ated probe, a distal end of the associated probe, or at a position
bet ween the proximte end and the distal end of the associ ated probe.

2521. The probe card of any of clainms 1 through 20, wherein the control

si gnal changel iT8e PidBe O4rd 3NarBl Eelaihe Athraipanekheran tprdivamae compisea | i ght
channel . 22. The probe card of any of clains 1 through 21, wherein the
control sigﬁﬁPf@Hﬁﬁﬁéﬁ& conprises a wire, an antenna, a MEMS probe
wired for electrical comunication, and 30conbi nations thereof. 28 23. The
probe card of any of clains 1 through 22, wherein the ANCis in a flip chip
confi gubatilén. The prohe carfef Yrighks. sdewingt leaphpng el the Frabes 1 afsﬁ?latﬁg i3,

conpri si ng - h8RSke 8Pf APIC in 5 comuni cation with at |east one other
API C. 25. € probe card of claim 24, wherein the at |least one APICis in
wi rel ess communi cation with at |east one other APIC. 10 26. The probe card
of any of c¢l.ai 1 through , { k di : | gk ude,
conditioniﬁé'po ?ngecmgﬂgggﬁﬁggggilP%@kgggs#ﬂ%ngﬂggg?%@&tﬂggfp¥%st (DUT),
conpr i si Ng:wherein each APAC iy mbgrainachy tdeonidng atlept ofxespecfic tebtringhd BPE. end and a
DUT interface end, the 15 probe card interface end interfacing directly or
indireéply wWith a probe card; and an integrated circuit integrally forned
with'the prighe hadyrobetmeencibinl Psrolsewsasid chah @ofieis eneofth canttleten erabe/T

interface end. X ) -
vertical probe, cobra probe, solder ball, microspring, and a resilient contact.

18. The probe card of any of claims 1 through 17, wherein at least one probe is a non-

15  contact probe.

19.  The probe card of claim 18, wherein the non-contact probe comprises an antenna
on the associated APIC, the antenna configured to communicate with an antenna point of
the DUT.

20
20.  The probe card of any of claims 1 through 19, wherein the APIC is positioned at a

proximate end of the associated probe, a distal end of the associated probe, or at a

position between the proximate end and the distal end of the associated probe.

25 21 The probe card of any of claims 1 through 20, wherein the control signal channel

is one of an electrical channel, an RF channel, or a light channel.

22.  The probe card of any of claims 1 through 21, wherein the control signal channel
comprises a wire, an antenna, a MEMS probe wired for electrical communication, and

30  combinations thereof,



28. The probe of claim 27, wherein the integrated circuit is an active
probe integrated 20 circuit (APIC), the APIC is configured to performa
desired signal transformation, to provide power to the DUT, or to performa

desired signal transfommtion and provide power to the DUT. 29. The
probe of claim28, wherein the probg is one of a cantilever probe, vertical
25 probe, cobra probe, solder ball, mcrospring, and a resilient contact.
30. The probe of claim28 or 29, wherein the praohe. body . has nore than one
API C i ncorpor athe@robatap! ¢ Ay 95Flgips | BEargh 2%&’57?‘?&’5{‘,9% ‘ﬁ‘“ci’ﬁ’é?‘g‘f‘i on, the probe
provi des rafigwhtiohct i on processing capability. SO 31. A probe card,
conprising: 29 at |east one probe of claim28, 2901 30; and at

| east one control signal channel for fransmtting a co ol signal brow a
test cont 281 | eFhepepde et Appcet olis ! dirpreh ?%1 CUPREFgR ?tg‘?i‘s.t o A t he
pr obe ts5 ansfiniuticationd withat RisgoelothbrAMECt he APIC to the DUT and transmits a 5
test response signal fromthe DLIT to the APIC, and t he
control s;?gnal channel tra_nS{n'ts a on&rol S| gal. frqma test controller to
the ANC, &Ad tFaemebe paad of claght Bherspbny ?3"%?’5‘% *® P he APIC to the test
cont r ol | ercomm3dcatiddmeityat Beorcarher AICc| ai m 31, wherein the APIC is configured
to covert the control 10signal born the test controller to a higher
frequency test_signal., G 33. The probe rd of claim31 or. 32, wherein the
test si§ynadé anlﬁh"tpffﬁ":f"é%‘ff“?ye%fﬁg’ﬂgg ﬂgf’“éhg%wg‘?’?né”éol‘"eélfEod"cf'rn(c)lumeé gr oup

consi st i ngooditionE pewegnal s, anal og signals, digital signals, and the control
signal and the control response signal air signals having a frequency 15

bel ow an RE signal._ 34, The.probe of claim3l, 32 or 33, conprising a
reconf i gur&bl egwiégfffaﬁmﬁ?8%@%“%%@5_%’&‘6?%%‘5- card of claim 34, wherein

t he probe arr aypivss bodschoriig gereketshe ingriapremd pdg DUT interface end, the
15  probe card interface end interfacing directly or indirectly with a probe card; and
an integrated circuit integrally formed with the probe body between the probe

card interface end and the DUT interface end.

28.  The probe of claim 27, wherein the integrated circuit is an active probe integrated

20  circuit (APIC), the APIC is configured to perform a desired signal transformation, to
provide power to the DUT. or to perform a desired signal transformation and provide
power to the DUT.

29. The probe of claim 28, wherein the probe is one of a cantilever probe, vertical

25  probe, cobra probe, solder ball, microspring, and a resilient contact.

30.  The probe of claim 28 or 29, wherein the probe body has more than one APIC
incorporated into the probe body, such that, in operation, the probe provides
multifunction processing capability.

30
31. A probe card, comprising:



one or nore probes, by actuating one or nore probes or by renoving and
repositioning one or nore probes. 36. The probe card of any of clains 31

t hrough 35, further conprising: 25at |east one tester interface associated
with at | east one AP1C and at | east one control signal channel; at
| east one DUT interface associatedyemth the DUT and the at | east one APIC,
the DUT interface electrically connecting the signal test processor to at

| east one probe for co gh frequency signal s between the
signal test prbEELYEP™ Waﬁ%ﬁ g%" gé(aﬁ‘l DUT; . the tester interface
bei ng conf i gurseldast ene corgmiskang! cmléﬁﬁ#mwfﬁngewwﬁbwalﬁio@w%# equency, radio
Breqrercyc%dt@%ﬁ;@@mcqgﬁmm iﬂt@p@;@m Si on DC di grilﬂj al and a cggi;i -T-ﬁti on gf
igital and anal og, signhal s on ne . The probe
t?‘x % x§%a?fr C ot‘% Ta?\ ﬁf}‘ .

card of any of cl he con S|gnal channel is
one of %an tmretmrﬁﬁSaialmthﬂBUTthheWCcﬂﬂénnel or a light channel. 38. The
probe card of any ﬁéc&halsmaﬁmhnmughazammw@ammatmcoawtef ol signal

channel CoIpI | gntenna r electrical
comuni cat' Aﬁ%nad'afﬁrgo ?cr?g |6eﬁps°n§f”i§" g?%&&%%t% ogg(é%'?d of any of
clainms 31 through 38, wherein the probe card is in a flip chip

conf i gur atspon. Tut prbbe ArdBEtiBias 10khefefti thl ARCas donfigafed @aoekt tanfl Si ng t he steps

of: Pri dichg o8 RIS AR £, AL ¥EuBEPRE defiicor ated circuit (ARG,

prowdlngé'fn con |gura proearr In co nication with the at |east one
API C
33. The probe card of elaim 31 or 32, wherein the test signal and the test response

signal are selected from a group consisting of: RF signals, analog signals, digital signals,
and the control signal and the control response signal are signals baving a frequency
15  below an RF sipnal.

34, The probe card of claim 31, 32 or 33, comprising a reconfigurable array of

probes.

20 35.  The probe card of claim 34, wherein the probe array is reconfigurable by bending
ope or more probes, by actuating one or more probes or by removing and repositioning

one or more probes.

36.  The probe card of any of claims 31 through 35, further comprising:
25 at least one tester interface associated with at least one APIC and at least one
control signal channel;
at least one DUT interface associated with the DUT and the at least one APIC, the
DUT interface electricaily connecting the signal test processor to at least one probe for
communication of high frequency signals between the signal test processor APIC and
30 said DUT;



characterizing a device under test (DUD;, 20reprogramm ng the at |east one
API C to performa desired signal transfornmation, to provide power to the
DUT, or to performa desired signal transformation and provide power to the
DUT based on the characterization of th DUT; and physi cally reconfiguring
the probe array based on the characterization of the DUT. 25 41. The

nmet hod of claimd0, wherein at |east P .S, | |y fonmed with a
probe in the pr(}geefegFrrlg%?%aceﬂf%mgl%oﬁﬁlggﬂ%&ég%&éfnzel(gm g‘g,%re eélg}éih?éhnore t han
one API C i sfréqutgt akdloyfrdqoemediow drécisior3 Gjphbeision, DBedipitadled acomyingionh t hat ,

in operation,,.t r obe provides ltifuncti.o rocessing capability. 31
43. The net h%dh%{;‘?%[{)daz’lnﬂoﬁél,gne\%ég)@gﬂ"}étcﬁ%trogflgpgég?r&%e probe in the probe
array is provided i medi ately adjacent to the APIC. 544. The net hod of any

of clains 40 through 43, further comprising . the steps of: provjding. at
| east one cont roﬁhegvrﬁmﬁrdaféﬁh@f claims 1thr@%%ﬁénmrwﬁgheaﬁoesﬂtwf 4

through t hesenéfAleli:EaPdhafRANRERF dHad® 2r b Bght RAMe Ol | er to the APIC
transmtting a test signal through at | east one probe in the probe array

fromthe 10APIC to the DUT in response to the control signal;
38.  The probe card of any of claims 31 through 37, wherein the control signal channel

comprises a wire, an antenna, a MEMS probe wired for electrical communication, and

10  combinations thereof.

39.  The probe card of any of claims 31 through 38, wherein the probe card is in a flip

chip configuration.

15 40. A method of forming a probe card, comprising the steps of:
providing a programmable active probe integrated circuit (APIC);
providing a configurable probe array in communication with the at least one
APIC;
characterizing a device under test (DUT);

20 reprogramming the at least one APIC to perform a desired signal transformation,
to provide power to the DUT, or to perform a desired signal transformation and provide
power to the DUT based on the characterization of the DUT; and

physically reconfiguring the probe array based on the characterization of the
DUT.

25

41.  The method of claim 40, wherein at least one APIC is integrally formed with a

probe in the probe array.

42.  The method of claim 40, wherein more than one APIC is integrally formed with a
30  probe in the probe array such that, in operation, the probe provides multifunction

processing capability.



transmtting a test response signal through at | east one probe in the probe
array fromthe DUT to the APIC in response to the test signal; and
transmtting a control response signal  fhrough the control signal channel
fromthe APIC to the test controller. 15 45. The nethod of claim 44,
wherein transmtting the test signal conprises converting the control

signal fromthe test controller to a higher frequency test signal. 46. The
met hod of claima44 or 45, wherein transmtting at | east one of the test

si gnal 20and. t heh¢ esthod esgains4), sihgral thegnpsi @erabean BwiPtabe AG24Ssi gnal

sel ect ed from.%ggﬁ(r?gﬁ&ra%%n%%%qggﬁf/m F signals, analog signals, digital

signal s, amtP% I d“the control response signal are signals
having a frequency bel ow an RF signal. 47. The net hod of any of clains

40 through 46, wherein reconfjguri t he be 25 array .co i ges bendi ng
one or for &4proBegmsthod g iorf(’jigaﬁﬂ t@b%‘%‘?f%’%ﬁ%%c%nn%mg?gtﬁ%r Sﬁ?’obes. 48.
The method of agy,Qfined:daForf Qo Gigs) cHahnelnher ei n the probe array
conprises one or nore probes. 30 32 -49. The nethod of fcI aim 48, wherein
at | east one of mapmipmeBeantd sigad darughdhe Ganig! ?’r%‘lagglaﬂjé% R 5P C 50.
The net hod c%tﬁcﬁ%ﬁogfl%%’ﬁj}:”ﬁ 40 through 49, wherein nore than one APICis 5

provi ded, eac el ng programmed to conduct at | east on%@%{) cific test
on the DUE 51Theamstitiiod addst sikedl thraghet lesg ongiprabeinfheariebr 312y one of a

cantil ever e rtic % otf(#% Spkbiaidnobe, sol der ball, mcrospring,
and a ﬁg)si |4@§508’8m§%9r%p8§5‘? he rret%o%]gmof any of clainms 40 through 51,
wherei n at | eastramsméitipngabest iespasnogral tontghet lepst ogeprobe in the probe array

from the DUT to the APIC in response to the test signal; and

transmitting a control response signal through the control signal channel from the
APIC to the test controller.
15

45.  The method of claim 44, wherein transmitting the test signal comprises converting

the control signal from the test controller to a higher frequency test signal.

46.  The method of claim 44 or 45, wherein transmitting at least one of the test signal
20  and the test response signal comprises transmitting a signal selected from a group
consisting of: RF signals, analog signals, digital signals, and the control signal and the

control response signal are signals having a frequency below an RF signal.

47.  The method of any of claims 40 through 46, wherein reconfiguring the probe

25  array comprises bending one or more probes or removing and repositioning one or more

probes.

48.  The method of any of claims 40 through 47, wherein the probe array comprises

one or more probes.



53. The nethod of claim52, wherein the non-contact probe conprises an
antenna on the associated APIC, the antenna configured to communicate wth
a contact point of the 15 DUT. 54. The nethod of any of clainms 40 through
53, wherein the APIC is positioned at a proximate end of the associated
probe, a distal end of the associated pfobe, or at a position between the
proxi mate end and the distal end of the associated probe. 20 55. The

nmet hod of any of_ cl ai 4Q t hrough 54 ereip.the,con . Shanal channel
i's one of éﬁ~elg%???%§$°€aﬁﬁh ’Y%Qﬁmﬁ%k%ﬁéWﬁ8f@eB¥b§5?%%ﬁ%m%%gﬂﬁel. 56.
The nmet hod Qfre ABY off ABI@I M8 40 through 55, wherein the control signal

channel 25 conprises a wire, an antenna, a MEMS probe wired for el ectrical
comuni cation, and conbi nations thereof. 57. The nethod of any of clains

40 throughsg6, Whereindd bhsyARLGihs40 Broagh bo pviefiipmernhirgsmeatiIqrs
5  provided, each APIC being programmed to conduct at least one specific test on the DUT.

51.  The method of claim 49 or 50, wherein each probe is one of a cantilever probe,

vertical probe, cobra probe, solder ball, microspring, and a resilient contact.

10 52. The method of any of claims 40 through 51, wherein at least one probe is a non-

contact probe.

53.  The method of claim 52, wherein the non-contact probe comprises an antenna on

the associated APIC, the antenna configured to communicate with a contact point of the

15 - DUT.

54.  The method of any of claims 40 through 53, wherein the APIC is positioned at a
proximate end of the associated probe, a distal end of the associated probe, or at a

position between the proximate end and the distal end of the associated probe.

20
55.  The method of any of claims 40 through 54, wherein the control signal channel is

one of an electrical channel, an RF channel, or a light channel.

56.  The method of any of claims 40 through 55, wherein the control signal channel

25  comprises a wire, an antenna, a MEMS probe wired for electrical communication, and

combinations thereof.

57.  The method of any of claims 40 through 56, wherein the APIC is in a flip chip

configuration.



