- 1 METHODS AND APPARATUS FOR TESTI NG CONTI NUI TY OF ELECTRI CAL PATHS
THROUGH CONNECTORS OF CI RCU T ASSEMBLI ES Background of the Invention [0001]
During manufacture, circuit assenblies (e.g., printed circuit boards and
Mul ti-Chip Mddul es) need to be tested for interconnect defects such as
open sol der joints, broken connectors, and bent or m saligned | eads (e.g.,
pins, balls, or spring contacts). One way to test for such defects is via
capacitive lead-frane testing. [00021 FIGS. | & 2 illustrate an exenplary
setup for capacitive lead- frame tesfipg. FiIG 1 illustrates a circuit
assenbly 100 conprising an integrated circuit (I1C package 102 and a
printed circuit board 104. Enclosed wthin the I C package is an | C 106.
The ICis bonded to the |leads 108, 110 of a lead-frame via a plurality of
bond wires 112, 114. The leads, in turn, are neant to be soldered to
conductive traces on the printed circuit board. Note, however, that one of
the leads 108 is not soldered to the printed circuit board, thereby
resulting in an "open" defect. [0003] Positioned above the |IC package 102
is a capacitive |ead-frame test assenbly 116. The exenplary test assenbly
116 shown conprises a -2- sense plate 118, a ground plane 120, and a buffer
122. The test assenbly is
- METHODS AND APPARATUS FOR TESTING CONTINUITY OF
ELECTRICAL PATHS THROUGH CONNECTORS OF
CIRCUIT ASSEMBLIES

Background of the invention

[0001]  During manufacture, circuit assemblies (e.q., printed circuit boards
and Multi-Chip Modules) need to be tested for interconnect defects such as
open solder joints, broken connectors, and bent or misaligned leads (e.g.,
pins, balls, or spring contacts). One way to test for such defects is via
capacitive lead-frame testing.

[0002] FIGS. 1 & 2 illustrate an exemplary setup for capacitive lead-
frame testing. FIG. 1 illustrates a circuit assembly 100 comprising an
integrated circuit (IC) package 102 and a printed circuit board 104, Enclosed
within the IC package is an IC 106. The IC is bonded to the leads 108, 110
of a lead-frame via a plurality of bond wires 112, 114. The leads, in turn, are
meant to be soldered to conductive traces on the printed circuit board. Note,
however, that one of the Jeads 108 is not soldered to the printed circuit
board, thereby resulting in an “open” defect.

[0003]. Positioned above the IC package 102 is a capécitive lead-frame

test assembly 116. The exemplary test assembly 116 shown comprises a



coupled to an alternating current (AC) detector 124. A first, grounded test
probe, TP 1, is coupled to lead 110 of the I C package. A second test probe,
TP 2, is coupled to lead 108 of the |IC package. The second test probe is

al so coupled to an AC source 126. [0004] FIG 2 illustrates an equival ent
circuit for the apparatus shown in FIG 1. In the equivalent circuit, Cse
is the capacitance seen between the sense plate 118 and the | ead 108 bei ng
sensed, and wis the capacitance seen between the |ead 108 and the
conductive trace (on the printed circuit board) to which the lead is
supposed to be soldered. The switch, S _, represents the quality of the |ead

being tested. If the lead being tested I's good, switch Sis closed, and
If the | ead being
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FIG. 1. In the equivalent circuit, Csense is the capacitance seen between the '
sense plate 118 and the lead 108 being sensed, and Cjuu is the capacitance
seen between the lead 108 and the conductive trace (on the printed circuit
board) to which the lead is supposed to be soldered. The switch, S,
represents the quality of the lead being testéd. If the lead being tested is
good, switch S is closed, and the capacitance seen by the AC detector is
Csense. If the lead being tested is bad, switch S is open, and the capacitance
seen by the AC detector is Csense * Cuoint / {Csense + Cuoint). 1f Csense is chosen
to be significantly larger than any possible C,qy, @ bad lead will result in the
AC detector seeing a capacitance near Cy. As a result, the AC detector
must have sufficient resolution to distinguish Csense from Cgins.
[0005]  Additional and more detailed explanations of capacitive lead-
frame testing are found in United States Patent No. 5,557,209 of Crook et al.
entitled “Identification of Pin-Open Faults by Capacitive Coupling Through
- the Integrated Circuit Package”, and in United States Patent No. 5,498,964

of Kerschner entitied "Capacitive Electrode System for Detecting Open

Solder Joints in Printed Circuit Assemblies”.



-3- [0006] Over the years, various factors have interfered with the success
of capacitive lead-frane testing. One factor is a |lack of capacitive
coupling between an IC lead-frane and a tester's sense plate. This problem
is largely traced to the on-going mniaturization of |C packages and their
| ead-frames, as well as the inposition of ground shield and heat sinks

bet ween | ead- franmes and the sensor plate (sonme of which are internal to an
| C s package). The mniaturization of |ead-frames is al so exacerbated by
"area connection"” packages. In an area connection package, the package's

| ead-frame is laid out as an array on surface of the package, rather
than in rows al ong the edges of the patkage. Exanples of package area

connecti ons ina ﬁgf r|d arrays (BGAs; a |ead-frame conprising a
plurality of s b "f-‘” Heays, ‘?UP?Safeeoerhaaemqbwﬂathasumasgn d arrays
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The miniaturization of lead-frames is also exacerbated by “area connection”
packages. In an area connection package, the package’s lead-frame is laid
out as an array on a surface of the package, rather than in rows along the
edges of the package. Examples of package area connections include ball
grid arrays (BGAs; a lead-frame comprising a plurality of solder balls on a
surface of a package) and land grid arrays (LGAs; a lead-frame comprising a
plurality of stenciled or screened contact pads on a surface of a package).
Area connection packages can be advantageous in that they often minimize
the lengths of signal traces coupling a package’s IC 1o its lead-frame.
However, they can also interfere with capacitive lead-frame testing in that
they sometimes make it difficult to position the sense piate of a capacitive
lead-frame tester in close enough proximity to their lead-frames.

[0007}  One way to address some of the problems of IC miniaturization is
disclosed in United States Patent No. 6,087,842 of Parker et al. entitled
“Integrated or Intrapackage Capability for Testing Electrical Continuity
Between an Integrated Circuit and Other Circuitry”. This patent teaches the

placement of a capacitive sensor interior to an IC package. If the placement



Between an Integrated Circuit and G her Crcuitry". This patent teaches the
pl acenent of a capacitive sensor interior to an | C package. If the

pl acenent -4- of such sensor is carefully chosen, the capacitive coupling
between the sensor and a package's |ead-franme can be increased - in part
because the interior placenent of the capacitive sensor ran circunent
shi el ding and heat dissipation structures of the |IC package. [00081

Anot her factor that has interfered with the success of capacitive

| ead-frame testing is the ratio of non-signal leads to total |eads on.an I G

package. As |Cs have becone nore conpl ex and operate at higher”
frequencies, the ratio of non-signal | e4ds as a fraction of total |eads has
i ncreased. Typically, the non-signal |eads supply power and ground

connect i ons, atfduah eensedisredeafitlilyychosam et edaditivegauplingdletezintther on a printed
circuit board, within an | C package, or wwthin an ICitself). Capacitive

| ead- frame tesEnserprids prskagissieghiidmesad bedureaspd A mnt sgatsd thads. Thus, a
significant fraction of 1G |eads could suffer fromopens that cannot be
tested. [ 0009nteNenpiagestenbe the carncitive sensencar ¢icumiventstieldingerdtesatuccess of
capacitive lead-frame testing is socket-nmounted | C packages. These

packages do ndtssipgtien stictues Phthe i Bagkads-d, but are nounted in sockets that
allow themto be added or replaced after a board is manufactured. This

adds a | ayer dP083bnpIAnRihe]iacr thad Pasiptarieradimih the speneseofigapecitien bet ween t he

board and package require roper connection between the board and
P lea%~framecltestmgs?s Bwe rggo of non-s?gnal leads to total leads on an IC

package. As ICs have become more complex and operate at higher
frequencies, the ratio of non-signal leads as a fraction of total leads has
increased. Typically, the non-signal leads supply power and ground
connections, and are redundantly connected in parallel (either on a printed
circuit board, within an IC package, or within an IC itself). Capacitive lead-
frame testing is not designed to detect opens on such leads. Thus, a
significant fraction of IC leads could suffer from opens that cannot be tested.
[0609]  Yet another factor that has interfered with the success of
capacitive lead-frame testing is socket-mounted IC packages. These
packages do not mount directly to a board, but are mounted in sockets that
allow them to be added or replaced after a board is manufactured. This
adds a layer of complexity to testing in that proper connection between the
board and package requires proper connection between the board and
sacket. If the package is placed in the socket, both sets of connections (i.e.,
between board and package, and between board and socket) can be tested
at once via In-Circuit test, Boundary-Scan test, capacitive lead-frame test,

and so on. However, all of these techniques depend on the inserted device's



socket. If the package is placed in the socket, both sets of connections
(i.e., between board and package, and between board and socket) can be
tested at once via In-Circuit test, Boundary-Scan test, capacitive
| ead-frame test, and so on. However,. all of these techni ques depend on the
inserted device's inherent testability for opens coverage; and even if the
inserted device is suited to application of these techniques, only signal
| eads wil|l be adequately tested, and redundant power and ground
connections wWill only be 'grossly" tested. If the inserted device has poor
testability, neither the inserted devi cg nor the socket will be adequately
tested. Summary of the Invention [0010]7One .aspect of the invention is
enbodied in a first device for testing continuity of electrical paths
through a connipkerent testakility far opens carssentang. eveh i thieinsered devipe isses a package
contai ning inconplete or no mission circuitry for the circuit assenbly.
The package i ssuedbta anplicalion Rf hesgleghniquesy oy signalieads vilfheradeguately to a-
plurality of contacts of the connector. A test sensor port is integrated
wi th the packdaeied. angirefuarantpower Mpw ednpettions willonjydecgrossigt e i nt egr at ed
~with the package each of which is coupled in parallel between one of the
contacts on tﬂ%s% R%@%dﬁﬁ\écq leas poge lestabilitypaeither theseited\dexiéeer aspect of
the invention is enbodied in a second device for testing continuity of

el ectrical paffs FﬁP%W"'&’e&?ﬁﬁ%@?éﬁesﬁd a circuit assenbly. The device
conprises a package provided with a plurality of

Summary of the Invention

[0010]  One aspect of the invention is erﬁbodied in a first device for
testing coritin uity of electricai paths through a connector of a circuit
assembly. The device comprises a package containing incomplete or no
mission circuitry for the circuit assembly. The package is provided with g
plurality of contacts for mating to a plurality of contacts of the connector. A
test sensor port is integrated with the package. A plurality of passive circuit
components are integrated with the package, each of which is coupled in
parallel between one of the contacts on the package and the test sensor
port.
[0011]  Another aspect of the invention is embodied in a second device
for testing continuity of electrical paths through a connector of a circuit
assembly. The device comprises a package provided with a plurality of
contacts for mating to a plurality of contacts of the connector. A plurality of

test sensor ports are integrated with the package. A plurality of sets of




contacts for mating to a plurality of contacts of the connector. A
plurality of test sensor ports are integrated with the package. A
plurality of sets of -6- passive circuit conponents are integrated with the
package, and for each set of passive circuit conponents, its conponents
are coupled in parallel between a corresponding set of the plurality of
contacts and one of the test sensor ports. The sets of the plurality of
contacts intersect. [0012] Oher enbodiments of the invention are al so

di scl osed. Brief Description of the Drawings [0013] Illustrative and
presently preferred enbodi nents of the _{Snventi on are illustrated in the
drawi ngs, in which: [0014] FIGS.,1 & 2 Illustrate an exenplary setup for

capacitive lead- frame testing, [0015] FIGS. 3 & 4 illustrate circuit

assenbl i es conRASSYE RECUILAOMPAEETS prentegtechMieibe relagp.ontdpr eich, seb

illTustrates a first exenplary enbodi nent of a device for testing

continuity of UPastys ekt SAPRNENS BR et RPNEHIsRER ERHPlestIn garsilelcui t  assenbl y,

wherein a nun&egr of parallel connected passive circuit conponents conprise
[

capaci t ors; fwaene eorrespendingset gt the pluralibrefiraniagts mpH ang obiedesitnent of a
device for testing contjnuit f electrical paths through a connector of a
circuit ‘asseﬁﬁf‘?ﬁr%ﬁﬁ%rtﬁ‘ﬁse@.{s ﬁ(fﬁﬁé’ﬁ"%‘?y Featertsintersefect ed passive circuit

[0012]  Other embodiments of the invention are also disclosed.

Brief Description of the Drawings

[0013] Hlustrative and presently preferred embodiments of the invention

are illustrated in the drawings, in which:

[0014]  FIGS. 1 & 2 jllustrate an exemplary setup for capacitive lead-
frame testing;

[0015] FIGS. 3 & 4 illustrate circuit assemblies comprising various forms
of connectors;

[0016]  FIG. 5 illustrates a first exemplary embodiment of a device for
testing continuity of electrical paths through a connector of a circuit
assembly, wherein a humber of parallel connected passive circuit
components comprise capacitors;

[0017] FIG. 6 illustrates a second exemplary embodiment of a device for
testing continuity of electrical paths through a connector of a circuit

assembly, wherein a number of parallel connected passive circuit



[0018] FIG 7 illustrates a third

exenpl ary enbodi nent of a device for testing continuity of electrical
pat hs through a connector of a circuit assenbly, wherein the device is
mated to the connector and a capacitive lead-franme test assenbly is
coupled to the device; [0019] FIG 8 illustrates a fourth exenplary

enbodi nent of a device for testing continuity of electrical paths through
a connector of a circuit assenbly, wherein the device incorporates a
ground shield; [0020] FIG 9 illustrates one exenplary enbodi ment of the

| ayers that formthe device shown in FFG 8; 10021] FIG 10 illustrates a

fifth exenplary enbodinment of a device for testing continuity of
a.connector of a circuit assenbly, wherein each

el ectrical patchs throtugg Sonnect ¢ _
of a nunmber of “PHPEFTRFOTBITECT R capaci tors have different val ues; [0022]
continuity of

"FIG 11 illust S [ ry nmethod for. testin
el ectrical patlég,}ﬁhr g’ﬂéh; @L%t?a)rfegs{]%’ th%gééﬁ'}}?}?v;e”]b@ﬂw? P* Qage‘ﬂ‘ie fori ustrates how
a plurality of_t. L OEV] Ln  FIGS. 5-8_may he nounted on a .
printed cir cuit?éhﬂgé’éﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%@b@g?8rC°" Gf?gc”p?ﬁﬂ%glét of testing
continuity of ri : nnector that is.too large for
t he packaéi ngagéee?%%dlwg%be'fﬁ%{& r%g%gﬂ%g?%tﬁgﬁ??“cegﬁéaf' 8 PRRYveey ceg;

' lead-frame test assembly is coupled to the device;

-7 conponents conprise resistors;

[0019]  FIG. 8 illustrates a fourth exemplary embodiment of a device for
testing continuity of electrical paths through a connector of a circuit
assembly, wherein the device incorporates a ground shield;

[0020]  FIG. 9 illustrates one exemplary embodiment of the layers that
form the device shown in FIG. 8;

[0021] FIG. 10 illustrates a fifth exemplary embodiment of a device for
testing continuity of electrical paths through a connector of a circuit
assembly, wherein each of a number of parallel connected capacitors have
different values;

[0022)  FIG. 11 illustrates a first exempiary method for testing continuity of
electrical paths through a circuit assembily;

[o023] FIG. 12 illustrates how a plurality of the test devices shown in
FIGS. 5-8 may be mounted on a printed circuit board or other substrate for
the purpose of testing continuity of electrical paths through a connector that
is too large for the packaging technology that is used to fabricate the test
devices;

[0024] FIG. 13 illustrates a second exemplary method for testing

continuity of electrical paths through a circuit assembly; and



[0024] FIG 13 illustrates a second exenplary nethod for testing

continuity of electrical
FIG 14 illustrates a si
continuity of electrical

paths through a circuit assenbly; and -8- [0025]
xt h exenpl ary enbodi nent of a device for testing
pat hs through a connector of a circuit assenbly,

wherein a fault. addressing schenme is inplenmented. Description of the
Preferred Enbodi ment [00261 FIGS. 3 & 4 illustrate circuit assenblies 300,

400 conprising various
receiving an integrated

forms of connectors (e.g., a socket 302 for
circuit (1C package, and connectors 402, 404, 406

for receiving random access nenory (RAM nodules). FIG 5 illustrates a
first exenplary enbodinent of a devi ce%500 for testi ng continuity of
el ectrical paths throu%h a connector of a circuit assenbly. By way of

exanpl e, the d@02¥e 50

4 illusicaies g aiktboexenplaasembddimend of ediedte 802 shown in

FIG 1. [00271 The device 500 conpri ses a package 502 containing inconplete
or no ni ssi on testinggpotinyity et ele¢idcal patbs throughsednngctand audircwhi ch t he connect or
under test 302 forns a part. If the device contains no mission circuitry,
the device 5@§Serbly.n¥asRiadirdRddRsIasshemeisdmplgatented] desi gn of t he
connector 302, and w thout any know edge of the functional design of the

circuit assenbly 300.
of contacts (identified
contacts of the connect

[ 0028] The package 502 is provided with a plurality
as contacts A-L) for mating to a plurality of
or under

Description of the Preferred Embodiment

[0026] FIGS. 3 & 4 illustrate circuit assemblies 300, 400 comprising

various forms of connectors (e.g., a socket 302 for receiving an integrated

circuit (IC) package, and connectors 402, 404, 406 for receiving random

access memory (RAM) modules). FIG. 5 illustrates a first exemplary

embodiment of

a device 500 for testing continuity of electrical paths through

a connector of a circuit assembly. By way of example, the device 500 is

configured to test the IC socket 302 shown in FIG. 1.

[0027]  The device 500 comprises a package 502 containing incomplete

or no mission circuitry for the circuit assembly 300 of which the connector

under test 302 forms a part. If the device contains no mission circuitry, the

device 500 may be produced based on the structural design of the connector

302, and without any knowledge of the functional design of the circuit

assembly 300.

[0028] The package 502 is provided with a plurality of contacts (identified

as contacts A-L) for mating to a plurality of contacts of the connector under

test 302. As shown in FIG. 5, the contacts on the package may comprise



test 302. As shown in FIG 5, the contacts on the package nmay conprise -.9-
solder balls of a ball grid array (BGA). The contacts could al so take the
form of a land grid array (LGA), pins, or other forns of contacts (e.g.,
PBGA, TBGA, CBGA, CCGA, CLGA, Hi TCE, or organic/lam nate contacts). [0029]
A test sensor port integrated with the package 502 nmay take one or nore of
a plurality of fornms. For exanple, as shown in FIG 5, the test sensor
port could conprise one or both of a capacitor plate 504 and an ohmc
contact 506. If the test sensor port conprises a capacitor plate, the

pl ate could take the formof an external capacitor plate or, as shown, a
capacitor plate 504 that is encl osed wirthin the package 502 so that it may
be coupled to using the package 502 as a dielectric. [0030] Integrated

wi th (and possiobleybalisaif adai grid atayn(BGA)e Thaclratgets 508d bBo takelhalfoini ty of
passive circuit conponents (identified as capacitors Cl1-Cl2) that are .
coupl ed i n parchkllaid drigtamay L @Nepinsfor otiwer firus af cénfacd (o PBGAS A-L on the
package 502 and the test sensor port 504, 506. In FIG 5, the passive

ci rcui t. conporl&@s CRGA Siduh GL&A HilZp o ptganis/lareinate aohtaeds).ch i s coupl ed
between a different one of the package contacts and a conmon internal
circuit node 29 HoMdesenses PoR dutporated mitlithespadkhge HRGmay takeioneui t
conmponents coul d take other fornms, such as resistors R1-R12. [0031] In the
devi ce enbodi REWeresH@muralty af fgms; Fargsampleyassshovntim E1G. Satheltestl capaci tor s
Cl-Cl12 are substanti al lqu mat ched. That is, the relative

sensor port could comprise one or both of a capacitor plate 504 and an
'ohmic contact 506. If the test sensor port comprises a capacitoi' plate, the
plate could take the form of an external capacitor plate or, as shown, a
capacitor plate 504 that is enclosed within the package 502 so that it may be
coupled to using the package 502 as a dielectric.

[0030] Integrated with (and possibly enclosed within) the package 502 is
a plurality of passive circuit components (identified as capacitors C1-C12)
that are coupled in parallel between ones of the plurality of contacts A-L on
the package 502 and the test sensor port 504, 506. In FIG. 5, the passive
circuit components are shown to be capacitors, each of which is coupled
between a different one of the package contacts and a2 common internal
circuit node 508. However, as shown in FIG. 6, the passive circuit
components could take other forms, such as resistors R1-R12.
[0031]  In the device embodiment shown in FIG. 5, the values of the
parallel capacitors C1-C12 are substantially matched. That is, the relative
variation between the capacitors (or error ) is kept to a small value, such as
0.5%. Solong as the error € is smail and the value that the capacitors

approach is small compared to the normal values of capacitance between



vari ati on between the capacitors (or error s) is kept to a snmall val ue,
such as 0.5% So long as the error r is small and the value that the
capacitors approach is snmall conpared to the nornmal val ues of capacitance
bet ween -10- contacts of a connector under test, the actual value that the
capacitors approach need not be closely controlled. Thus, for exanple, if
the normal val ues of capacitance between contacts of a connector under
test are around one picoFarad (pF), the value that the parallel capacitors
approach may be 15 fentoFarads (fF) 0.25% or altenately, 14.5 fF 0.25%
Model i ng consi derations, however, may require keeping the values of the
paral l el capacitors within sonme sort 6f%desired val ue (e.g., 15 fF 5% . The
val ues of the parallel capacitors may be kept small conpared to the nornal
val ues of conecteels of agaiactnsederdestthe artialaeivedhnt die capacities/i ce 500 into a
connector under test 302 will not add significant additional capacitance
bet ween cont aéperogeh ngps nod hnstosely conifglledy Hhup, fseexamnlendidhe apmmatact or f or
sonme tests of a circuit assenmbly [0032] To match the val ues of the parall el
capaci tors, t Mades gffcappetancePrivEeHrYMddnpiastonnpgonddeptestareof t he package
502 may need to be sized_  di fﬁ{fgrentl than those of the capacitors nearest
the center of 2icHBd BAR RisHEArad (REQRT Vales vk hr aRrIAaPRtirLRRAPFRaEh5 00,
configured as descr,ihed in th aragraph, is used to test a circuit
assenbl y 300_."‘%f’ﬁﬂégﬂ?@ﬁ?ﬁpsﬁgg&gg’gh‘@%@ Ptety. 468 T 206a¥%ed to a connector
302 of the ci I(/lgtliléhingacgr%s(?gé)rlaﬁ/oné%)dwe%gr, may require keeping the values of the

parallel capacitors within some sort of desired value (e.g., 15 fFF +5%). The

vaiues of the parallel capacitors may be kept small compared to the normal

values of connector capacitance so that insertion of the device 500 into a

connector under test 302 will not add significant additional capacitance

between contacts of the connector, which may be an important factor for

some tests of a circuit assembly.

[0032] To match the values of the parallel capacitors, those of the

capacitors nearest the periphery of the package 502 may need to be sized

differently than those of the capacitors nearest the center of the package.

[0033] Assume now that the device 500, configured as described in the

above paragraph, Is used to test a circuit assembly 300. To prepare for test,

the device 500 is mated to a connector 302 of the circuit assembly 300, as

shown in FIG. 7. A capacitive lead-frame test assembly 116 is then coupled

to the test sensor port 504 of the device 500. In FIG. 7, the device’s test

sensor port comprises a buried capacitor plate 504 but no chmic contact. As

a result, the capacitive lead-frame assembly 116 comprises a sense plate

118 for capacitively coupling to the device 500. The buried capacitor piate



shown in FIG 7. A capacitive |lead-frame test assenbly 116 is then coupl ed
to the test sensor port 504 of the device 500. In FIG 7, the device's test
sensor port conprises a buried capacitor plate 604 but no ohm c contact. As
a result, the capacitive |ead-frame assenbly 116 conprises a sense plate
118 for capacitively coupling to the device 500. The buried capacitor plate
-11- 504 may be large and relatively close to the surface of the package
502 so that the capacitance between the sense plate 118 and the capacitor
plate 504 is |large conpared to the values of the capacitors O-Cl2. In

this manner, the capacitance between the p late 5 04 and sensor 116 wl |
have m nimal inpact on neasuring the ddibi ned val ue of the capaci t ance
seen by node 508 (as will be described bel ow). [0034] Those nodes of the
circuit assenb?f mabe e andaclatingh desetto theconbeeofthdphciabe Bbeseonnect or
under test 302 are coupled to a nunber of test probes (e.g., ‘probes TP-1,

TP-2, TP-3, Trbat therpapscitange bpingen tiysenpe olate Bhdzanul the chguetier fistst pr obes
could be included in a 'bed of nails" test fixture. [0035] After preparing
the circuit a98ippipeTomPaEd te digt valugsef the capaditors@tEd20fn thise circui t
assenbly are stinulated (e.g., via an AC signal source) while other nodes
of the circui t"epgee s sprasianss betaesn ihe Riate Bdtard gensor ¢tiueit havoi se and

ext raneous si gnal lo,i cku%)?. An exenpl ary test sequence might commence with
the stinul at i-SHVGR! IFBAE SRdReaRuing the conbingd valhe gktbe Tenacitadcesseengr ounded. | f

the connector,302:d Soa Bs WL 20Dy 2y 2Nd 1S properly

[0034]  Those nodes of the circuit assembly 300 that are coupled to
contacts A-L of the connector under test 302 are coupled to a number of test
probes (e.g., probes TP_1, TP_2, TP_3, TP 4, TP_5 and TP_6). By way of
example, these test probes could be included in a “bed of nails” test fixture.
[0035]  After preparing the circuit assembly 300 for test, one or more
nodes of the circuit assembly are stimulated (e.g., via an AC signal source)
while ather nodes of the circuit assembly are preferably grounded (to reduce
noise and extraneous signal pickup). An exemplary test sequence might
commence with the stimulation of node 702 while all other nodes 704-712
are grounded. If the connector 302 is in good condition, and is properly
coupled to node 702, then node 702 should be shorted to contact A of the
device 500, and the capacitance seen at node 508 shouid be equalito Ct¢.
(NOTE: for purposes of this discussion, it is assumed that the value of each
of the capacitors C1-C12 is equal to C.) If the connector 302 is defective, or
is not properly coupled to node 702, the resuitant open between node 702
and contact A will result in a small capacitance being placed in series with

capacitor C1, thus reducing the capacitance seen by node 508. For




coupl ed to node 702, then node 702 should be shorted to contact A of the
devi ce 500, and the capacitance seen at node 508 should be equal to C E%
(NOTE: for purposes of this discussion, it is assuned that the val ue of
each of the capacitors CI-Cl2 is equal to C.) If the connector 302 is
defective, or is not properly coupled to node 702, the resultant open

bet ween node 702 and contact Awll result in a small capacitance being
placed in series with capacitor Cl, thus reducing the capacitance seen by
node 508. For -12- example, if the wvalue of Cis 15 fF, and the capacitance
contributed by the openis 1 fF, then the capacitance seen by node 508
wll be approximately 0.94 W This ch‘a]ﬁge in the capacitance seen at node
508 (from15 fF to 0.94 fF), if detectable by the sensitivity of the
capaci tive | eaxampleri thesvpdusy of Qisd 5(Brandithe egpaaitance cortribwdd by te be used to
determ ne that an open exists in the circuit assenbly 300. [0036] A test
of the circui torgséechih. $hepdle prppcitanseisaerebwhade S08avil be appabximately of node 704
while all other nodes 702, 706-712 are grounded. Note that node 704 is a
power plane t W34 fEodpischapgmindle camciktanse se¢ncatdede 668 (fBOD15 f tot he connect or
302 is in good condition, and is pererI]y coupled to node 704, then node
704 shoul d be 084dF) ddietastabisiutbe sersitvity, of the, pappsifive lead-framg seneorcapaci t ance
seen at node 508 should be equal to 4C 4E. If the connector is defective,

or is not propd® (%Fddf(ﬂiﬁ?téﬂth?'g Eh6dbe Bsed tp delsmaine that an geencexistain
capaci t ances welérc&?aﬁg%gﬁ%oiop series wth one or nore of the
[0036] A test of the circuit assembly 300 may continue with the
stimulation of node 704 while all other nodes 702, 706-712 are grounded.
Note‘that node 704 is a power piane that couples contacts B-E of the device
500. If the connector 302 is in good condition, and is properly coupled to
node 704, then node 704 should be shorted to contacts B-E of the device,
and the capacitance seen at node 508 should be equal to 4C + 4¢. if the
connector is defective, or is not properly coupled to node 704, then one or
more small capacitances will be placed in series with one or more of the
capacitors C2-C5, and the capacitance seen at node 508 will deteriorate.
For example, if the value of C is 15 {F, and an open at one contact of the
device 500 contributes 1 fFF of capacitance, the capacitance seen by node
508 will be approximately 45 fF. Again, this change in the capacitance seen
at node 508 (from 60 fF to 45 fF), if detectable by the sensitivity of the
capacitive lead-frame sensor 116 (and if greater than 4¢); can be used to
determine that an open exists in the circuit assembiy 300.
[0037]  The remaining signal nodes 706, 708, 712 and ground plane 710

may be tested similarly to nodes 702 and 704.



capacitors C2-C5, and the capacitance seen at node 508 will deteriorate.

For exanple, if the value of Cis 15 fF, and an open at one contact of the
device 500 contributes 1 fF of capacitance, the capacitance seen by node
508 will be approximtely 45 fF. Again, this change in the capacitance seen
at node 508 (from60 fF to 45 fF), if detectable by the sensitivity of the
capacitive |l ead-frane sensor 116 (and if greater than 4E); can be used to
determ ne that an open exists in the circuit assenbly 300. [0037] The
remai ni ng signal nodes 706, 708, 712 and ground plane 710 nmay be tested
simlarly to nodes 702 and 704. -13 [00381 In the arrangenent illustrated
in FIG 7, the sense plate 118. of the -'@apacitive | ead-frane test assenbly
116 may pick up stray capacitance from the circuit assenbly under test
300. There is [0p8ssi hithe ayartdeatent iisratetdriafiG Ip el seasE Saoulsds sk opens.
Some sort of shielding may therefore be desirable. However, the shielding
shoul d not be dapedititedeadiframe teshdssadranet 1B1bay mitk dhsrayicapaditanéssembl y 300,
since this could inpact a test of properly connected redundancies in the
ci rcui t assenihg cigcugaesamblpliade: tesh80@ Treselista postibitityshatahigistigy coul d be
connected to signal ground (i.e., the reference from which stinmuli applied
to the circui tcapacitents souDDasl epereaSomedprt of shigldiing melitedrefioreghd s not
grounded and nerely "floats", it adds another capacitance in .series with
t he measur eneSesiaiia. Hovpayso theghigldigg shauigsnat de died to the gtoutd wlane 7300

i ncorporating a ground shield . ) )
of the circuit assembly 300, since this couid impact a test of properly

connected redundancies in the circuit assembly’s ground plane. As a resuit,
the shielding could be connected to signal ground (i.e., the reference from
which stimuli applied to the circuit assembly 300 are measured). If the
shielding is not grounded and merely “floats”, it adds another capacitance in
‘series with the measurement path.

[0039]  FIG. 8 illustrates a test device 800 incorporating a ground shield
802. The ground shield 802 surrounds a piurality of passive circuit
components (e.g., parallel capacitors C1-C12), and has holes therein
through which compenent contacts and other signal wires may be rotted.
The ground shield 802 may be variously configured, but in cne embodiment
comprises a first ground plane 804 positioned above the plurality of passive
circuit components, a second ground plane 806 positioned below the plurality
of passive circuit components, and a number of conductive vias 808, 8170
coupling the first and second ground planes.

[0040}] By way of example, the test sensor port of the device 800 may
comprise a first chmic contact 812 for reading the value of the parallel

capacitors C1-C12, and a second ohmic contact 814 for coupling to the



802. The ground shield 802 surrounds a plurality of passive circuit
conponents (e.g_, parallel capacitors Cl1-Cl2), and has holes therein

t hrough whi ch conmponent contacts and other signal wires may be routed. The
ground shield 802 may be variously configured, but in one enbodi nent
conprises a first ground plane 804 positioned above the plurality of
passive circuit conponents, a second ground plane 806 positioned bel ow the
plurality of passive circuit conmponents, and a nunber of conductive vias
808, 810 coupling the first and second ground pl anes. [0040) By way of
exanple, the test sensor port of the device 800 may conprise a first ohmc
contact 812 for reading the value of tfi¢ parallel capacitors Cl-Cl2, and a
second ohm c contact 814 for coupling to the -14- ground shield 802. In
this manor, ageapdchicid/@02 dathi§ mane, & espaciiss Eabifuntdliest aseymbipgpbe t he
ground shield 802 to signal ground while reading the capacitance of the
devi ce 800 at nayrbaple tigl@oupdhidill 862 @ sigrabrousd white resdinptar y enbodi nent of
the layers that form the device 800 shown in FIG 8: The l|ayers conprise
1) a first conshezitanee of treydavicedeDcdritad B12i des 900, 902 of the capacitors
patterned therein, 2) a second conductive |ayer having second sides 904 of
t he capaci t or {0043} t eFi& @ shole ope exeraplary¥mbadidiest efthe iayefsayatiforB06 separ ati ng
the first and second conductive |ayers. The second sides of the capacitors
may be i ndi vi thealevige 800 shawn iDF1Gad arers aemprise 1) erfinddotductivee cont i nuous
conductor 904. To

layer having first sides 900, 902 of the capacitors patterned therein, 2) a
second conductive layer having second sides 904 of the capacitors patterned
therein, and 3) a dielectric layer 906 separating the first and second
conductive layers. The second sides of the capacitors may be individually
formed or, as shown, may be formed by one continuous conductor 904. To
ensure substantially equal values of the capacitors, the compeosition and
thickness of the dielectric layer 906 should be carefully controlled. Widths of
the first sides 900, 902 of the capacitors should also be carefully controlled.
Upper vias 808, 910 may be used to couple the conductor 904 to ohmic
contact 812, and to couple the ground piane 804 to ohmic contact 814.
Lower vias (e.g., via 912) may be used to couple the first sides 900, 902 of
the capacitors to external contacts such as soider balls A-D.

[0042] While the capacitors shown in FIG. 9 are plate-type capacitors,
they need not be. Alternatively, the capacitors could be formed by parallei
traces, the spacing and length of which are controlled to yield a desired
capacitance. The capacitors could also be formed by concentric cylinders

having an engineered capacitance therebetween, or by other means.

[0043] - The value of the parallei capacitors, C, and error, £,-may be



ensure substantially equal values of the capacitors, the conposition and

t hi ckness of the dielectric |ayer 906 should be carefully controll ed.
Wdths of the first sides 900, 902 of the capacitors should al so be
carefully controlled. Upper vias 908, 910 nay be used to couple the
conductor 904 to ohmc contact 812, and to couple the ground plane 804 to

ohm c contact 814 Lower vias (e.g., via 912) nay be used to couple the
first sides 900, 902 of +the capacitors to external contacts such as sol der

balls A-D. [0042] Wiile the capacitors shown in FIG 9 are plate-type

capacitors, they need not be. Alter nat_jégely, the capacitors could be
formed by parallel traces, the spacing and | ength of which are controlled

to yield a desj capaci t e. The capacitors could also be formed by
concentric cyl !,"{n"%g grﬂﬁ'ge\?isﬁ'gﬁg}?tEﬁaﬁ‘ﬁﬁ'éf%’l!m&'ﬂ‘fﬁa'éﬁﬁi‘m@tﬁtﬂﬁ%@b&:ﬂy\een, or by
ot her neans. 0] e I f.the parallel capacitors, C, and error, e,
may be -15- ch%ag'e(ﬁé%f;mp?%&%g%?gh%ccﬁw capacitenceefiNyyersus¥di ti ve | ead-frane
d capaci tance of N versus

NoTl ool Y cebAblioR BF LIS AR paR e ol e G e R e o Howaer, oo &)

N-1 capacitors

Ho , th okt : | cul It | ead- f t est
nesarbly wi i1 EEmsL e iR Bl R R esissambb i (i s case, a
1006 (see P GooTSfer TREARE nbdrlaf I bPT I h8¥aed oo D800 mwY: hon be

1006 (see FIG 10).. e contacts i
gu' Vi (élefl it 0 gg?k&?@%%afgi?@éasl fostbdrlsBF fdlts B2, RloaPTod ¥& EMRapent s (e
The contacts (A-L) of the device 1000 may then be divided into groups such
that a different set of passive components (e.g., C1-C4, C5-C8, C9-C12})is
coupled in paraliel between each set of contacts and its corresponding test
sensor port 1002-1006. In testing a circuit assembly, a pluraiity of test
buffers may be coupled to the device’s test sensor ports 1002-10086 in
paraliel, or a single test buffer may be sequentially coupled to ones of the
test sensor ports 1002-1006.
[0044]  Up to this point, it has been assumed that the values of a number |
of parallel passive components are substantially matched. However, this
need not be the case. For example, each of a device’s parallel capacitors
may have a different value. The different values may be variously chosen,
but for ease of detection, the values may be chosen to be multiples of some
common value (e.g., their different values may be C, 2C, 4C, 8C, . . . 2Nc).
A single fault (and even multiple fauit) failure of a2 connector will therefore
generate a capacitance reduction that is related to some unique muiltipie of

C. In this manner, the location(s) of a fault or faults may be more easily

determined.



coupled in parallel between each set of contacts and its correspondi ng test
sensor port 1002-1006. In testing a circuit assenbly, a plurality of test
buffers; nmay be coupled to the device's test sensor ports 1002-1006 in
parallel, or a single test buffer may be sequentially coupled to ones of
the test sensor ports 1002-1006. [00441 Up to this point, it has been
assuned that the values of a nunber of parallel passive conponents are
substantially natched. However, this need not be the case. For exanple,
each of a device's parallel capacitors mnmay have a different value. The
different values may be variously chos but for ease of detection, the
val ues may be chosen to be nultlples of sone connDn value (e.g., their

di fferent val ues may C. Asingle faul t (and
even mul tiple F’Qﬂlﬂt) P&Wﬁb?@e"@f"pé? éﬁﬁf?@&t'%ﬁ‘esvﬁflcﬁmlﬁ@ﬁ@ffﬁ?)ebe generate a
que nultiple of C. In

capaci tance re Ctl t ha [ ed to sone _uni
2By Efes 3 gy S PF@H?'FQUM%CWF@ oasi |y

thi s manner, 6

det er m ned. 16- 00451 By fer val ues of capamtance
tay be | achi VRSB A ERLTEorPr s ALY wtyn{s@wﬂﬁ OFalpies 6 fengiA g

capacitors to ag h co et_of.contacts ftenately, t he W|dth of
pl at es or Iend'{lﬁ (ﬂ"nmpldﬁﬁezé'}tg@ﬁgﬁ?a ﬁwa?ré’ﬁqabsq a capacitor may be
adj usted. [00 tra 100 continuity
of electrical 16&4 lﬁryuglﬁgt%%es arrgﬁiﬁ'?g 3@{‘}5&? 'I?s‘f"ﬁb" %P? {“" !
above-describ ?)gthts%ugh a circuit assembly using any of the above-described test

devices (as well as others). The method 1100 commences with the mating
1102 of a test-facilitating circuit package to a connector of the circuit
assembly. The circuit package 1) mrﬁpﬁses a plurality of contacts for mating
io a piurality of contacts of the connector, 2) contains incomplete or no
mission circuitry for the circuit assembiy, and 3) contains a pilurality of
passive circuit components coupled in parallel between the package’s
plurality of contacts and a test sensor port of the circuit package. The
method 1100 continues with the stimulation 1104 of one or more nodes of
the circuit assembly, followed by the measurement 1106 of an electrical
characteristic of the circuit package (e.g., capacitance or resistance). Finally,
the measured electrical characteristic is compared 1108 to at least one
threshold (e.g., different combinations of capacitance or resistance) to
assess continuities of at least two electrical paths -through the circuit
assembly. If the measured electrical characteristic is capacitance, the
capacitance may be measured by means of a capacitive lead-frame
assembly.

[0047] FIG. 12 illustrates how a piurality of the test devices shown in



devices (as well as others). The nmethod 1100 conmences with the mating
1102 of a test-facilitating circuit package to a connector of the circuit

assenbly. The circuit package 1) conprises a plurality of contacts for
mating to a plurality of contacts of the connector, 2) contains inconplete
or no mssion circuitry for the circuit assenbly, and 3) contains a
plurality of passive circuit conponents coupled in parallel between the
package's plurality of contacts and a test sensor port of the circuit
package. The nethod | 100 continues with the stinulation 1104 of one or
nore nodes of . the circuit assenbly, fﬁglomed by the neasurenent 1106 of an
electrical characteristic of the circuit package (e.g., capacitance or
resistance)- Finally, the neasured electrical characteristic is conpared

1108 to at | edd€Scrid manhedupuiter era grintedicireulibenid 128Rer Ather swbstrste

capaci tance or resistance) to assess gonthuities of at least two
el ectrical pat9/dne RYBEtFHOfieRING CPRURUY obeledtis paths thrueb akonsestet el ectri cal

charact e o ok PR MRS GRS T D T ARULSS . ©
| urali f the_ . devi h in -17- FI GS. 5-; d
o LY, O S SRS e hon o S S e Bl B ¢
ti it f L . t 1202 .t hat i t |
cons ul L o1 248544ty DAL B0 oS 0 o BTL L7 400,100

(or for testi pgred GABIHHY BhtakRYr ol niBAB o 66152621 okl oftne

various test devices 1208, 1210 mounted thereon. The printedr circuit board
may also comprise (or be coupled to) a fixture 1204 for mating the printed
circuit board 1206 and test devices 1208, 1210 to a connector 1202. The
same or different test assemblies 1212, 1214 may be used to read the
capacitance or other electrical characteristic of the test devices 1208, 1210.
[0048]  FIG. 13 illustrates a method 1300 for testing continuity of electrical
paths through a circuit assembly using the device shown in FIG. 12. The
method 1300 commences with the mating 1302 of a test fixture to a
connector of the circuit assembly. The test fixture supports one or more test-
facilitating circuit packages, each of which 1) comprises a plurality of
contacts for electrically coupling to a plurality of contacts of the connector; 2)
contains incomplete or no mission circuitry for the circuit assembly, and 3)
contains a plurality of passive circuit components coupled in paraliel between
the package’s plurality of contacts and test sensor ports of the circuit
packages. The method continues with the stimutation 1304 of one or more
nodes of the circuit assembly, followed by the measurement 1306 of an

electrical characteristic of one or more of the circuit packages. Finally, the



test device 1208). The printed circuit board 1206 may conpri se signal

routes for routing contacts of a connector under test 1202 to contacts of
the wvarious test devices 1208,1210 nmounted thereon. The printed circuit
board nay al so conprise (or be coupled to) a fixture 1204 for mating the
printed circuit board 1206 and test devices 1208, 1210 to a connector

1202. The sane or different test assenblies 1212, 1214 may be used to read
the capacitance or other electrical characteristic of the test devices
1208, 1210. [00481 FIG 13 illustrates a method- 1300 for testing
continuity of electrical paths through_a circuit assenbly using the device
shown in FIG 12. The nethod 1300 coni@hces with the mating 1302 of a test
fixture to a connector of the circuit assenbly. The test fixture supports
one or nore tedeasuredeleciicl Fhrgagierisigist afeaorageed, 1388 dhatdéashhineh 1) conpri ses
a plurality of contacts for electrically coupling to a plurality of
contacts of t HBresbelfixassess %"“"'éib‘?ﬁ ¢fiah leatiwe eisicisical pathsrof the siuiin circuitry
for the circuit assenbly 3 contains a plurality of passive circuit

conponent s coﬁﬁ%byﬂ'fﬁﬁr@ﬁ’ﬁ @egtaea charpdenjsiie ieppagiapreitbe i t y of contacts
and test sensor orts of the circuit packages. The nethod continues with
the stinul ati GRPABPACHNALRRMERSYET BY Megheel %‘fap?ﬁ@"%ieﬁ@'ﬂ'ﬁ'meassenbl Y, _
foll onwed by the mea}suremant 1306 of an electrical characteristic of one or
more. of the &YW packages. Finally, the -18- neasured el ectrica

charact o 511 oy ! By Rk SR el Wb o 55052
electrical paths through a connector of a circuit assembly. The device once
again comprises a package containing incomplete or no mission circuitry for
the circuit assembly. On the package 1400 is a plurality of contacts (A1, A2,
B1, B2} for mating to a plurality of contacts of the connector; and integrated
with the package 1400 is a plurality of test sensor ports (S1, S2, S3, S4). A
pluraiity of sets of passive circuit components (C1/C2, C3/C4, C5/CS, C7/C8)
are enclosed within the package 1400. Each set of passive circuit
components is coupled in paraliel between a corresponding set of the
plurality of contacts and one of the test sensor ports. The sets of the piurality
of contacts intersect. For example, contact A1 is coupled to the C1/C2 set of
components, as weli as the C5/C6 set of components, in this manner,
variations in capacitance seen by different ones of the test sensor ports can
be used to determine where faults are located. For example, if there is a

fault at contact A1, it will affect readings at test sensor ports $1 and S3. The
contact which is included in both groups, A1, is therefore the location of the
fault. Although the fault addressing scheme disclosed in FIG. 14 requires a

lot of overhead for a 2x2 array, the overhead goes down substantially as the



assenbly. If the neasured electrical characteristic is capacitance, the
capaci tance may be neasured by neans of a capacitive |ead-franme assenbly.
[0049] FIG 14 illustrates yet another device 1400 for testing continuity
of electrical paths through a connector of a circuit assenbly. The device
once again conprises a package containing inconplete or no m ssion
circuitry for the circuit assenbly. On the package 1400 is a plurality of
contacts (A, A2, B 1, 132) for mating to a plurality of contacts of the
connector; and integrated wth the package 1400 is a plurality of test
sensor ports (SI, S2, S3, $4). A plurality of sets of passive circuit
conponents (O /C2, C3/C4, C5/Cs, C71C8)19" are enclosed within the package
1400. Each set of passive circuit conponents is coupled in parallel between
a correspondi rigmber ofgfontagts in heareayigrgwsfi.ec entheotusbendf mniactigrowe t est
sensor ports. The sets -of tFe pIuraIity of contacts intersect. For

exanpl e, cont &¥@ pawer of ediNeBe ngmbieofeytSensoe ports requiitomeiquely as wel | as
the C5/C6 set of conponents. In this manner, variations in capacitance
seen by dif f epgfespineLopacspaiigEaws Riba fastor 9btwod28in  be used to deternine
where faults are |ocated. For exanple, if there is a fault at contact Al,
it will affecl00Bhqi Mulediusiralive agd pessentyorreferred embadigsnts phithe cont act whi ch
is included in bath groups;, /A, is therefore the |ocation of the fault. -
Al t hough the Y4EN ”5@8‘?5@@ Iggcdhatdndeql Beress #és tojbg understood thasthe res a | ot

of overhead for 2X2 ar[sarx t he over head goes down substantially as the
-19- inventive concep ay be otherwise variously embodied and employed, and

that the appended claims are intended to be construed to include such

variations, except as limited by the prior art.



nunber of . contacts in the array grows (i.e., as the nunber of contacts
grows by a power of two (N), the nunber of test sensor ports required to
uni quely. address the contacts only grows by a factor of two (2N)). [00501
VWhile illustrative and presently preferred enbodi ments of the invention
have been described in detail herein, it is to be understood that the

i nventive concepts may be otherw se variously enbodi ed and enpl oyed, and
that the appended clainms are intended to be construed to include such

vari ations, except as limted by the prior art. -20 WHAT IS CLAIMED I S: 1.
A device for testing continuity of elecjgical paths through a connector of
a circuit assenbly, conprising: a package containing inconplete or no

m ssion circui wyaf %CM@‘E‘B fgcuit assembly; a plurality of contacts on the
package for mating to a plurality of contacts of the connector; a test

sensor port, iftegr, j age:;, and. a plurality of passive
circuit conponents ﬂ%&a\ﬂgﬁ%ﬂb@%ﬁﬁ}%ﬁ%ggﬂﬁ&%ﬁé?atﬁﬁﬁﬁ%gﬁﬁ sihneetonr e coupl ed

in parallel beiesRuPIes rality of contacts on the package and
the test sensor porltn. 2. nfﬁkéﬁﬂ'g;\a(rf%in "of claim1, further conprising: a

second plurali ty Of pBiga Chitahglittorpistk 895 In?srsiog%grélﬂtgy }o?thae c?rgsi?nd
assembly; |
a plurality of contacts on the package for mating to a plurality of
contacts of the connector;
a test sensor port, integrated with the package; and
a plurality of passive circuit components integrated with the package,
ones of which are coupled in parallel between ones of the piurality of

contacts on the package and the test sensor port.

2. The device of claim 1, further comprising:

a second plurality of contacts on the package for mating to a second
plurality of contacts of the connector:

a second test sensor port, integrated with the package; and

a second plurality of passive circuit components integrated with the

package, coupled between ones of the second plurality of contacts on the

package and the second test sensor port,

3. The device of claim 1, wherein the test sensor port comprises a

capacitor plate enclosed within the package.




plurality of contacts of the connector; a second test sensor port,
integrated with the package; and a second plurality of passive circuit
conponents integrated with the package, coupled between ones of the second
plurality of contacts on the package and the second test sensor port. 3.
The device of claim1, wherein the test sensor port conprises a capacitor
pl ate encl osed within the package. -21- 4. The device of claim1l, wherein
the test sensor port conprises an ohm c contact on the package. 5. The
device of claim1l, wherein the passive circuit conponents are capacitors.

6. The device of claim5, wherein the plurality of capacitors are forned
by: a first conductive |ayer having fi7dt sides of the capacitors patterned
therein; a second conductive |ayer having second sides of the capacitors
patter ned t herdi n; Thadevcewialaimtl whelemibe tesbprnsat panconipeisés ast and second
conductive |ayers. 7. The device of claim5, wherein values of the
plurality of ciwieresed opthe pagkpgs. antially matched. 8. The device of claim
7, wherein a different nunber of the plurality of

5. The device of claim 1, wherein the passive circuit components are
capacitors.

6.  The device of ctaim 5, wherein the plurality of capacitors are formed
by:

a first conductive layer having first sides of the capacitors patterned

therein;

a second conductive layer having second sides of the capacitors

patterned therein; and

a dielectric layer separating the first and second conductive layers.

7. The device of claim 5, wherein values of the piurality of capacitors are

substantially matched.

8. The device of claim 7, wherein a different number of the plurality of

capacitors is coupled to each of the plurality of contacts on the package.,

9. The device of claim 5, wherein those of the plurality of capacitors
nearest the periphery of the package are sized differently than those of the

plurality of capacitors nearest the center of the package.




capacitors is coupled to each of the plurality of contacts on the package.
9. The device of claimb5, wherein those of the plurality of capacitors
nearest the periphery of the package are sized differently than those of
the plurality of capacitors nearest the center of the package. -22 10. The
device of claim5, wherein each of the plurality of capacitors has a
different value. 11. The device of claiml, further conprising a ground
shield for the plurality of passive circuit conponents. 12. The device of
claim1l, wherein the test sensor port conprises an ohmc contact and the
ground shield is coupled to the ohm c contact; and wherein the ground
shield conprises: a first ground pIanéQ%bsitioned above the plurality of
passive circuit conponents; a second ground plane positioned bel ow t he
plurality of passive circuit conponents; and a nunber of conductive vias
coupling the first and second.ground planes. 13. The device of claim1,
wher ei n the pd$fsi vEhadavipgiof clghbosraneis eacteofrthe platalitysf caghcitdisehasei ce of
claim1l1, wherein the connector is a socket, and wherein the package is
configured t o differentvajue.ne socket .

11.  The device of claim 1, further comprising a ground shield for the

plurality of passive circuit components.

12.  The device of claim 11, wherein the test sensor port comprises an
ohmic contact and the ground shield is coupled to the ohmic contact; and

wherein the ground shield comprises:

a first ground plane positioned above the plurality of passive circuit

components;

a second ground plane positioned below the plurality of passive circuit

components; and

a number of conductive vias coupling the first and second ground

planes.

13.  The device of claim 1, wherein the passive circuit components are

resistors.

14.  The device of claim 1, wherein the connector is a socket, and wherein

the package is configured to mate to the socket.



-23- 15. The device of claim1l, wherein the plurality of passive circuit

conponents are enclosed within the package.

16. A device for testing

continuity of electrical paths through a connector of a circuit assenbly,

consi sting of a package containing inconplete or
assenbly; a plurality of contacts on the package for

the circuit

no mssion circuitry for

mating to

a plurality of contacts of the connector; a test sensor port, integrated

wi th the package;

and a plurality of passive circuit conponents encl osed

wi thin the package, ones of which are coupled in parallel between ones of

the plurality of contacts on the pack%ge and the test sensor port.
device of claim 16, further consisting

f a ground shield for the

17. The

plurality of passive circuit conponents; wherein the ground shield is
coupl ed to ant®hnilbedevicaehciaim 1 whereinghe plralibrof pessive diguit The devi ce of

claim 16, further consistin

at | east one additional plurality of

contacts on tHEOMPLERAGETS Fic %‘Fﬁf‘i"’ﬁ@””!@%l‘asl%ast one additional plurality of
contacts of the connector; at |east one additional test sensor port,

integrated with the package; .and -24-

16. A device for testing continuity of electrical paths through a connector
of a éircuil assembly, consisting of:

a package containing incomplete or no mission circuitry for the circuit
assembly;

a plurality of contacts on the package for mating to a plurality of
contacts of the connector;

- a test sensor port, integrated with the package; and

a plurality of passive circuit components enclosed within the package,

ones of which are coupled in parallel between ones of the plurality of

contacts on the package and the test sensor port.

17.  The device of claim 16, further consisting of a ground shieid for the
plurality of passive circuit components; wherein the ground shield is coupled

to an ohmic contact of the test sensor port.

18. The device of claim 16, further consisting of:

at least one additional plurality of contacts on the package for mating
to at least one additional plurality of contacts of the connector;

at least one additional test sensor port, integrated with the package;

and



at | east one additional plurality of passive circuit conmponents encl osed
within the package, each plurality of which is coupled between one of the
additional pluralities of contacts on the package and one of the additional
test sensor ports. 19.. The device of claim 18, further consisting of at

| east one ground shield for the pluralities of passive circuit conponents;
wherein each of the at | east one ground shield is coupled to an ohmc
contact of at |east one of the test sensor ports. 20. A device for testing
continuity of electrical paths through a connector of a circuit assenbly,
conprising: a package containing i ncon‘gl ete or no mssion circuitry for the
circuit assenbly; a plurality of cont~ #ts on the package for mating to a
plurality of contacts of the connector, plurality of test sensor ports,
integrated with t hatiqest koegadditona! pipiaiity oF passivefcirseit epmpfongris englesed r cui t
conponents enclosed within the package, wherein each set of passive
circuit conpomdthinghé sackeaeleagh phyraliefathichlis peupigsehetueenanedt fiendi ng set of
the plurality of contacts and one of the test sensor ports, and wherein
the sets of t badifona piuialitfesos coptecia@ndhe parkege agd one ofdbe additiopge devi ce of

cl aim 20, wherein the passive circuit conponents are
test sensor ports.

19. The device of claim 18, further consisting of at least one ground shield
for the pluralities of passive circuit components; wherein each of the at least

one ground shieid is coupled to an ohmic contact of at least one of the test

sensor ports.

20. A device for testing continuity of electrical paths through a connector
of a circuit assembly, comprising:

a package containing incomplete or no mission circuitry for the circuit
assembly,

a plurality of contacts on the package for mating to a plurality of
contacts of the connector;

a plurality of test sensor ports, integrated with the package; and

a plurality of sets of passive circuit components enclosed within the
package, wherein each set of passive circuit components is coupled in
parailel between a corresponding set of the plurality of contacts and one of

the test sensor ports, and wherein the sets of the plurality of contacts

intersect.



capacitors. 22. The device of claim 20, wherein the passive circuit
conponents are substantially matched. 23, A nethod for testing continuity
of electrical paths through a Crcuit assenbly, conprising: mating a
test-facilitating circuit package to a connector of the circuit assenbly;
the circuit package conprising a plurality of contacts for mating to a
plurality of contacts of the connector, the circuit package containing

i nconplete or no mssion circuitry for the circuit assenbly, but containing
a plurality of passive circuit conponents coupled in parallel between the
package's plurality of contacts and a Egst sensor port of the circuit
package; stinulating one or nore nodes“of the circuit assenbly, neasuring
an electrical characteristic of the circuit package; and conparing the
measur ed el ect?li calhadryica®f elpins20.wheseimthel nagsive oreeit compersntd afet 0 assess
continuities of at |least two electrical paths through the circuit

assenbly. 24. CaaSitast hod of claim 21, wherein the electrical characteristic
of the test fixture is nmeasured via a capacitive |ead-frane assenbly. -26-
25. A nmethod for testing continuity of electrical paths through a circuit

assenbly, conpri si1n%: mat i a test fixture to a connector of the circuit
assenbly; the %'est he device of ¢laim 20, wherein the passive circuit components are

substantially matched.

23. A method for testing continuity of electrical paths through a circuit
assembly, comprising:
mating a test-facilitating circuit package to a connector of the circuit
assembly; the circuit package comprising a plurality of contacts for mating -to
a plurality of contacts of the connector; the circuit package containing
incomplete or no mission circuitry for the circuit assembly, but containing a
plurality of passive circuit components coupled in parallel between the
package’s plurality of contacts and a test sensor port of the circuit package;
stimulating one or more nodes of the circuit assembly;
measuring an electrical characteristic of the circuit package; and
comparing the meastred electrical characteristic to at least one
threshold to assess continuities of at least two electrical paths through the

circuit assembly.

24.  The method of claim 21, wherein the electrical characteristic of the

test fixture is measured via a capacitive lead-frame assembly.



fixture supporting one or nore test-facilitating circuit packages; the
circuit packages conprising a plurality of contacts for electrically
coupling to a plurality of contacts of the connector; the circuit packages
containing inconplete or no mssion circuitry for the circuit assenbly,

but containing a plurality of passive circuit conponents coupled in
paral |l el between the packages' plurality of contacts and test sensor ports
of the circuit packages; stinmulating one or nore nodes of the circuit
assenbly; neasuring an electrical characteristic of one or nore of the
circuit packages; and conparing the neasured el ectrical characteristic(s)
to at least one threshold to assess céfAtinuities of at |east two

el ectrical paths through the <circuit assenbly. 26. The nethod of claim 21,
wher ei n t he eldéct r Acegthachiar igstinardostinuity of elebldcal paths throughraeciicsitneasur ed via a

capacitive | ead-franme assenbly.
assembly, comprising:
mating a test fixture to a coﬁnector of the circuit assembly; the test

fixture supporting one or more test-facilitating circuit packages; the circuit
packages comprising a plurality of contacts for electrically coupling to a
plurality of contacts of the connector; the circuit packages containing
incomplete or no mission circuitry for the circuit assembly, but containing a
plurality of passive circuit components coupled in paraliel between the
packages’ plurality of contacts and test sensor ports of the circuit packages:

stimuiating one or more nodes of the circuit assembly;

measuring an electrical characteristic of one or more of the circuit
packages; and

comparing the measured electrical characteristic(s) to at least one

threshold to assess continuities of at least two electrical paths through the

circuit assembly.

26. The method of claim 21, wherein the electrical characteristic of the

test fixture is measured via a capacitive lead-frame assembly.



