TEST STRUCTURE EMBEDDED IN A SHIPPING AND HANDLING COVER FOR INTEGRATED
CIRCUIT SOCKETS AND METHOD FOR TESTING INTEGRATED CIRCUIT SOCKETS AND CIRCUIT
ASSEMBLIES UTILIZING SAME Background of the Invention During manufacture, circuit assemblies

(e.g., printed circuit boards and Multi-Chip Modules) need to be tested for interconnect defects such as 5
open solder joints, brokel EShrEURWE TARECEMBERDEMN INA FHPOING ANRIBARL NG pring contacts).

One way to test for sucpaeiER K INTEEERAT D AR EBMSISENISr § ARD-MET ifoBRESFAN exemplary

setup for capacitive lead-frame testing. Fig.. 1 illustrates a circuit assembly 100 comprising an integrated
circuit (IC) package 102 andTgﬁ-lrimﬁj%T RALRPGRENERQKEE M %‘F&Héfkage is an IC 106.
The IC is bonded to the leads 108, 110 cASSEMBTAES: VHEILAZINGERMEDONd 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 leads 108 is not soldered to the printed circuit board, thereby resulting in an "open" defect. 15
Positioned above the IC package 102 is :Baclegitbuenid auf-fregnkn vesttiassembly 116. The exemplary test

assembly 116 shown compyjses a sense plate 118, a ground plane 120, and g buffer 122. The test
assembly is coupled to an ANERRLAAANE (e UL EeesmEIRs Ay, BATRHGEHL: BSRBE. TP 1, i

coupled to lead 110 fn‘cﬁ“ﬁﬂhﬁifl?}%’é%‘i’sd&ésﬂcﬁé‘ dt?gtb%r?gs?eg(?o?%%é.iiﬁ%%'épsl(%gfé&geﬁqcﬁoa%m the IC

package. The second test probe IS also coupled to an AC source OwWS an equivalent circuit
for the apparatys shoypinsGiderjoints, 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. 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

10 104. 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 leads 108 is not soldered to the
printed circuit board, thereby resulting in an “open” defect.

15 Positioned above the IC package 102 is a capacitive lead-frame test
assembly 116. The exemplary test assembly 116 shown comprises a sense
plate 118, a ground plane 120, and a buffer 122. The test assembly is
coupled to an alternating current (AC) detector 124. A first, grounded test
probe, TP_1, is coupled to lead 110 of the IC package. A second test probe,

20 TP_2, is coupled to lead 108 of the IC package. The second test probe is
also coupled to an AC source 126.

Fig. 2 shows an equivalent circuit for the apparatus shown in Fig. 1.

In the equivalent circuit, Csense is the capacitance seen between the sense



In the equivalent circuit, Csense is the capacitance seen between the sense plate 118 and the lead 108
being sensed, and CJoint 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 tested. If the lead being tested is good, switch S is 5 closed, and the capacitance seen
by the AC detector isp@&8eh$8.anthi éeleddbEifdoaiageskirsbddasditabrS ssip eapagithtioe sggacitance seen
by the AC detector is CSense * C+,loint / (CSense + CJoint) If Csense is chosen to be significantly larger
than any possible C,fiveenate derfvlifdanddhe wrnaestiyettiats: elhg RrcigreitsHitdeish CJoint. As a

result, the AC detector must 10 have sufficient resolution to dlst|n1g%u|sh Csense from C,loint Additional

and more detailed e%ﬁl%@%@d?@%%@i‘ﬁ%%%tﬂ'%éo g@[ﬁﬂg S SUHG In s iRREEE S MBatent No.
5,557,209 of Crook | d "| f] Pj | C Th h th
egrated Cirout PagbA OB 15T El SIS P e bR Ob 48 BrarL Ly edted
“Capacitive Ele,f.ctrod%@/g&ergnf rti'% (g%%t’%q (AREeaR'd tHQ'Wé 196k FP ?q?%s%l,fs't ASSRERUES - Over the

years, various factors have’interfere e success of capacmve rame estlng One factor is a

lack of capacitive coyRling 1bgMvegHan, |Sswead drams andm esie s sehesmblatechhyy Rigbleim is largely

20 traced to the on-going miniaturization of IC packages and their lead-frames, as well as the imposition
of ground shield and dsat®inks [@iween lead: framesand g sensar plate. (soneasyenhiehisge internal to

an IC's package). The miniaturization of lead-frames is also exacerbated by "area connection”
packages. In an areasgnifiesttynia@ekagantheyppoksigEsGead-adae Isddidvill result in the AC
detector seeing a capacitance near Cyynt. As a result, the AC detector must
10 have sufficient resolution to distinguish Csense from Coint.

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

15 of Kerschner entitled “Capacitive Electrode System for Detecting Open
Solder Joints in Printed Circuit Assemblies”.

Over the years, various factors have interfered with the success of
capacitive lead-frame testing. One factor is a lack of capacitive coupling
between an IC lead-frame and a tester’s sense plate. This problem is largely

20 traced to the on-going miniaturization of IC packages and their lead-frames,
as well as the imposition of ground shield and heat sinks between lead-
frames and the sensor plate (some of which are internal to an IC’s package).
The miniaturization of lead-frames is also exacerbated by “area connection”

packages. In an area connection package, the package’s lead-frame is laid

25 out as an array on a surface of the package, rather than in rows along the



25 out as an array on a surface of the package, rather than in rows along the 2 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). 5 Area connection packages
can be advantageousdgehanfttisy pdtkagrinibiasaies leingehkagesiyral canrestiiongpliriudebekage's IC to
its lead-frame. However, they can also interfere with capacitive lead-frame testing in that they
sometimes make it dEfieuRttBYsodensine lsarsEanmetE IMBrisRaatRier it oh soldee SllsiPeIGse enough
proximity to their lead-frames. 10 One way to address some of the problems of IC miniaturization is

disclosed in United STHIERSPfchPRRSE0SN943n0rBidrREAKS At R IPAFHIATS R IFRe Fackage

Capability for Testing_Electrical Continujty Between, an Integrated Circuit and Other Circuitry”. This patent
teaches the. placem BT ST L AEELaray TR B e cRAgb H e AR P88 ot such

0
cap

sernsor i carefily ohgseD hr SARACHESUPIEN BEUSEN I ARROTANB PaRkATRRIAad fame oan

be increased - in part because acement o pacitive sensor can circumvent shielding

and heat dissipationtﬁgu%g%o{);hgdg;apqpé%uecegﬂmﬁr éac?tgggg@é’ga@iq@rf@rqgég[%mg_success of
eads

capacitive lead- 20 frame testing is the ratio of non-signa o total leads on an IC package. As ICs
have become more qaswaesramisepeiatales higbestsegiensipacitie 4@ pamentsigingl iearstas a fraction

of total leads has increased. Typically, the non-signal leads supply power and ground connections, and
are they sometimes make it difficult to position the sense plate of a capacitive
lead-frame tester in close enough proximity to their lead-frames.
10 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
15 of such sensor is carefully chosen, the capacitive coupling between the
sensor and a package’s lead-frame can be increased - in part because the
interior placement of the capacitive sensor can circumvent shielding and
heat dissipation structures of the IC package.
Another factor that has interfered with the success of capacitive lead-
20 frame testing is the ratio of non-signal 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

25 IC package, or within an IC itself). Capacitive lead-frame testing is not



redundantly connected in parallel (either on a printed circuit board, within an 25 IC package, or within an
IC itself). Capacitive lead-frame testing is not 3 designed to detect opens on such leads. Thus, a
significant fraction of IC leads could suffer from opens that cannot be tested. Yet another factor that has
interfered with the success of capacitive lead-frame testing is socket-mounted IC packages. These
packages do not 5 nesignéiteictigieteat g bot suehnieadgedlinusockeignifiaanllfactiemoidGe added or
replaced after a board is manufactured. This adds a layer of complexity to testing in that proper
connection between terRAsS bR [ deragPrngUitat qvpRracoiesiadion between the board and socket. If
the package is placed in the socket, both sets of connections (i.e., between 10 board and package, and
between board and socket) &rfBRIHEERF i JRRE has, ineriee M&,@SM@%B&ﬁ?@@E%‘fpmitive

lead-frame test, and F’O However, all of these tec esd the inserted device's inherent

. | d
(tabily or opens S0BTLGESA A BHLI TR hOSHET ALk 2 i 3 BB RGATOR b AL (achiques.
only signal leads wil i, Adequale N destess A5 AN S HASABKARSLAA BralaghseRERetgRs il nly be

"grossly” tested. If the inserted device has poor testability, neither the inserted device nor the socket will

be adequately tested, fag, §P¢KBIacatE SRS ndBRARIS. FaDRIGUAS OPRAStURIEESAaLjRMage a socket
that must be minimized during manufacture, shipping, handling, attachment to the printed circuit board,

20 testing or during igsaiplRRil tae téstintp Metsackebpdecesdi@iothemvigannaes ysadnataod and
apparatus to test integrated circuit sockets that minimizes the risk of damaging the socket,
package requires proper connection between the board and socket. If the
package is placed in the socket, both sets of connections (i.e., between
10 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 inherent
testability for opens coverage; and even if the inserted device is suited to
application of these techniques, only signal leads will be adequately tested,
15 and redundant power and ground connections will only be “grossly” tested.
If the inserted device has poor testability, neither the inserted device nor the
socket will be adequately tested. Also, sockets are easily damaged, so there
are opportunities to damage a socket that must be minimized during
manufacture, shipping, handling, attachment to the printed circuit board,
20 testing or during insertion of the IC into the socket.

Accordingly, there is a need for a method and apparatus to test
integrated circuit sockets that minimizes the risk of damaging the socket,
reduces testing and handling costs, and increases testing and handling
throughput.

25



reduces testing and handling costs, and increases testing and handling throughput. 25 Summary Of The
Invention A device enabling testing continuities of electrical paths through a 5 circuit assembly is
presented. The device may comprise a test facilitating shipping and handling cover for a socket of the
circuit assembly. The test facilitating shipping and handling cover may have a conductive layer for
capacitively coupling with an array of pins within the socket during testing. A method testing continuity of
electrical paths through a circuit 10 assembly is presented. The method may comprise stimulating one or
more nodes of the circuit assembly, capactifBNesViplihg AN ,
shipping and handling cover mated to a socket of the circuit assembly, measuring an electrical
characteristic of the circuit assembly with a tester coupled to the shipping and handling cover to 15
determine continuity of eleclriégVs@treNanbig tegingieumtingiiansy . degticrDeatip e @WhTAe Drawings
A more complete appreciation of this invention, and ma(;agg,f the 5 attendant advantages thereof, will be

readily apparefit as tREQ4NASIREBMES PERER it eriSotEsFPeiRs MBI #R folfRhilRg it d

d ipti h idered i juncti ith th ing drawi in which Jik f
Symbais mdicate o SAR Gr SFUTED EURBRLFILC LG e D AT o L FSRE N ex Iy cetup fo

Capacitive Ieald'1Er"’lrn‘?acilitating shipping and handling cover may have a conductive layer for

capacitively coupling with an array of pins within the socket during testing.
A method testing continuity of electrical paths through a circuit
10 assembly is presented. The method may comprise stimulating one or more
nodes of the circuit assembly, capacitively coupling with a conductive layer
of the test facilitating shipping and handling cover mated to a socket of the
circuit assembly, measuring an electrical characteristic of the circuit
assembly with a tester coupled to the shipping and handling cover to

15 determine continuity of electrical paths through the circuit assembly.



testing; FIG. 2 illustrates an exemplary circuit for capacitive lead-frame testing; FIG. 3 illustrates a side,
cut-away view of an exemplary integrated 15 circuit socket with an integrated circuit housed therein; FIG.
4 illustrates a top view of an exemplary integrated circuit socket; FIG. 5 illustrates a side, cut-away view
of an unlocked, empty integrated circuit socket mounted on a circuit assembly; FIG. 6 illustrates a side,
cut-away view of an exemplary integrated 20 circuit socket with a shipping and handling cover housed
therein; FIG. 7 illustrates a top view of an exemplary integrated CIrCUIt socket with a shipping and
handling cover housed therein; FIG. 8 iBll€lrates Qi RIVHe@$ of a device for testing
continuity of electrical paths through circuit assemblles with sockets 25 FIG. 9 illustrates an exemplary
embodiment of a device for testing continuity of electrical paths through a circuit assembly mated with a
socket, with a capacitive leAdmeifhEasdrl gt cappiodaipieaitdhiseieantenriand mustritdBean
equivalent C'VCH't for Hiﬁéﬁd@ntgaépﬂﬂ?é§ ara, W‘I?Héorré&ﬂllﬁ’faéﬁﬁfénﬁgsﬁlﬁ sehilysdripe side,

cut-away view of an exemplary embodiment_of a shipping and handling cover with a conductive layer for
capacitive testing; 6'?3@”1% IS bMS{f‘dﬁW?eJPotPg Aiowing AiHEAMRRCEBYRP W™ conductive

layer for capacitive tesfitgidered in conjunction with the accompanying drawings in which like

reference symbols indicate the same or similar components, wherein:

10 FIG. 1 illustrates an exemplary set-up for capacitive lead-frame
testing;

FIG. 2 illustrates an exemplary circuit for capacitive lead-frame
testing;
FIG. 3 illustrates a side, cut-away view of an exemplary integrated

15 circuit socket with an integrated circuit housed therein;

FIG. 4 illustrates a top view of an exemplary integrated circuit socket;

FIG. 5 illustrates a side, cut-away view of an unlocked, empty
integrated circuit socket mounted on a circuit assembly;

FIG. 6 illustrates a side, cut-away view of an exemplary integrated

20 circuit socket with a shipping and handling cover housed therein;

FIG. 7 illustrates a top view of an exemplary integrated circuit socket
with a shipping and handling cover housed therein;

FIG. 8 illustrates an exemplary embodiment of a device for testing
continuity of electrical paths through circuit assemblies with sockets;

25 FIG. 9 illustrates an exemplary embodiment of a device for testing
continuity of electrical paths through a circuit assembly mated with a socket,
with a capacitive lead-frame test assembly coupled to the device;

FIG. 10 illustrates an equivalent circuit for the FIG. 9 apparatus during
one portion of a test;

30 FIG. 11 illustrates a side, cut-away view of an exemplary embodiment
of a shipping and handling cover with a conductive layer for capacitive

testing;



FIG. 13 illustrates an exemplary embodiment of a testable shipping and handling cover for enabling
testing continuity of electrical paths through 5 a socket connector of a circuit assembly mated with a
socket, with a capacitive lead-frame test assembly coupled to the testable shipping and handling cover;
FIG. 14 illustrates an equivalent circuit for apparatus of FIG. 13 during one portion of a test; and 10 FIG.
15 illustrates a flow chart for i €2diupleatesrrtinddforestniq sbippmgtgrst kledigtpeehavitirough a
socket connector of %@6‘&%0@\?@%9@%0&%@@9\/@?&&“@0” Of The Invention Some complex integrated

circuits are not directly mounted on boards, 5 but are inténded to reside in sockets that permit them to be

added or replaced after a bbX7d 18 HEFAIRT FR §* 2RRRBNSAIRAFIBeRbRRdaRRleMrRINA a socket

connector is illustrateghina66iaod e, it Biu@NREEthg derartiteds islecareippastiolgy means on a
lid or clamp plate 14 and lamp or lock 16. The IC 10.is cla d.or locked jnta, place within the 10
socket 12 by a‘clamg FAET S NHA S LU ARRDY Ml U 3P SRlal B spring fingers 28
that map one-to-one tawldiee bedid-(@nerissassamivly botiad ¢ the testkblelshipsintane in Fig. 3. The
IC 10 may make elegliraicrsast- with a board (not shown) via hundreds or thousands of delicate pin
spring fingers 28. The IC 10 may have an array of pads, pins, 15 solder balls or solder columns 22 that

come into physical and electfiéal CHHEIRGRRTSHNRIBNbRY IRy BRBRIRMYBOWHIEh A& %N array of

pads, one portion of a test; and
10 FIG. 15 illustrates a flow chart for an exemplary method for testing
continuity of electrical paths through a socket connector of a circuit

assembly.



pins, solder balls or solder columns 24 that are attached to traces, pads or other contact points on the
board (not shown). As seen in the top view of Fig. 4, the socket lid or clamp plate 14 may 20 have a
window or access hole 18 to permit a detachable heat sink 20 to be attached to the IC 10 after it is
secured within the socket base 12. The heat sink 20 may be connected to the IC 10 through the access
hole 18 in the clamp plate 14. If an installed IC 10 must later be removed, the heat sink 20 is removed
first to enable movement of the cIamBQJ.g%aAlD'g?%@ @BH Qﬁt?@é I]rﬂ/;@@_ot?‘? hinged on one side with a
hinge 26 and clamped on one or more g it may be clamped on two
or more sides 26. Fig. 5 shows an empty, unlocked IC socket 12 with clamp plate 14, clamp 16, spring

pin fingers 28, spacing ledagangagldarialaad ok BRUACBIANERHBLIRIPHeIR, contacts on

a printed circuit board 32. A sock containing hundreds or thousands of delicate pin spring fingers 28
is liable for dargage ¢jugosranifi dérinssRRRIPRINGbaKSIN AR ING ARE tRERT tRIReBbe FLEMPLY
sockets as shown in Fig. 5 needs to be protected. This is generally accomplished by inserting an
inexpensive, (e.g., plasgiiapdd ahippingeand handingisonesdO inko éherspieket IC2 nasatedviv ia Figs. 6 and
7, before it leaves the socket manufacturer. The shipping and handling cover 40 is clamped into place
over, but not touchinahedfvéa desspkieigcpim datgreis ks tratsibiciripiafgmd 4 an thiedhipplgi@nd handling
cover 40 engages with spacing ledge 30 of the socket 12 to ensure that the shipping 15 and handling
cover does not touch®F eelfedinthesepkeighgisefihgdrs Pgampen a lid or clamp plate 14 and a

clamp or lock 16. The IC 10 is clamped or locked into place within the
10 socket 12 by a clamp plate 14, which depresses the IC 10 onto a field of
contact pin spring fingers 28 that map one-to-one to solder balls (or pins) 24
on the bottom of the socket 12, as shown in Fig. 3. The IC 10 may make
electrical contact with a board (not shown) via hundreds or thousands of
delicate pin spring fingers 28. The IC 10 may have an array of pads, pins,
15 solder balls or solder columns 22 that come into physical and electrical
contact with individual pin spring fingers 28, which map to an array of pads,
pins, solder balls or solder columns 24 that are attached to traces, pads or

other contact points on the board (not shown).
As seen in the top view of Fig. 4, the socket lid or clamp plate 14 may
20 have a window or access hole 18 to permit a detachable heat sink 20 to be
attached to the IC 10 after it is secured within the socket base 12. The heat
sink 20 may be connected to the IC 10 through the access hole 18 in the
clamp plate 14. If an installed IC 10 must later be removed, the heat sink 20
is removed first to enable movement of the clamp plate 14. The clamp plate

25 14 may be hinged on one side with a hinge 26 and clamped on one or more



spring pin fingers 28 are therefore not under tension during shipping, handling and attachment of the
socket 12 to the circuit board. The shipping and handling cover 40 has a pick-and-place target 42 that
protrudes through aperture 18 of the clamp plate 14. A placement 20 machine positions the socket 12
onto the circuit board 32 during attachment uses the pick-and-place target 42. After the socket 12 is
attached to the boareid witd iphpartanote cletepmitfeonviatiagrabelaotied 00 iwsatistacesiyesittached to
the board 32, in particular, are all of its connections (power and ground included) attached to the board
32. 9 The United Sta®s patent application of Kenneth P. Parker, et al. entitled "Methods and Apparatus
for Testing Continuity of Electrical Paths Through Connectors of Circuit Assemblies”, USPTO Serial

Number 10/683,693, filed GEoBet® 088, YRRHMEY OB LE ReCKB0=0¥EA-$130R RiBtELlAincorporated

by reference and discllo%esp W torigetelrrr]n}lnne (\af\r/he%ger dei;ﬁct§ ﬁ?XiStC;B orr1]§ or grr%oﬁsa Augglity of
electrical paths throu'Z‘;ﬁ1 socketP OTUIEr TR CT6:. BRE Ske gl%ry aSp rBRSiSAGs&d it the

afore-mentioned patei, ARAIGALAIS A o) WHEDusiatss AL TS P BlADsgmaodiment 10

of a device 300 for testing continuity of electrical paths through a so a circuit assembly. The device

300 comprising & pagkraet 32ceARRIME HURGURP 51t BLEMIUSSH AR IRIERIHY: KRS Kigar agsembly of
which the socket under test forms a part. If the device contains no mission circuitry, the device 300 may

be produced based qg thdrirusitdahesiosr of dheaanckein18ang veitispit @raniinaendedag ehthe functional
design of the circuit assembly .
board assembly, so empty sockets as shown in Fig. 5 needs to be protected.
This is generally accomplished by inserting an inexpensive, (e.g., plastic)
10 shipping and handling cover 40 into the socket 12, as shown in Figs. 6 and
7, before it leaves the socket manufacturer. The shipping and handling
cover 40 is clamped into place over, but not touching the fragile spring pin
fingers 28. A spacing flange 44 on the shipping and handling cover 40
engages with spacing ledge 30 of the socket 12 to ensure that the shipping
15 and handling cover does not touch or damage the spring pin fingers 28. The
spring pin fingers 28 are therefore not under tension during shipping,
handling and attachment of the socket 12 to the circuit board.
The shipping and handling cover 40 has a pick-and-place target 42
that protrudes through aperture 18 of the clamp plate 14. A placement
20 machine positions the socket 12 onto the circuit board 32 during attachment
uses the pick-and-place target 42. After the socket 12 is attached to the
board 32, it is important to determine whether the socket 12 is satisfactorily

attached to the board 32, in particular, are all of its connections (power and

ground included) attached to the board 32.



The package 302 is provided with a plurality of contacts (identified as contacts A-L) for mating with
contacts of the socket under test. These contacts may be similar to the socket pins 28 of socket 12 in
Figs. 3-7. As shown in Fig. 8, the contacts on the package may comprise solder balls of a 20 ball grid
array (BGA). The contacts could also take the form of a land grid array (LGA), pins, or other forms of
contacts (e.g., PBGA, TBGANECRIBigdCR@es QREA, RpERLion ovfdfaonathirfateadkeaces).ah test sensor
port integrated with the package 302 may take one or more of a plurality of forms. For example, as
shown in Fig. 8, the teatitichsiletrgdsorncbMarssaivriderohrsind Strnalibaphdriseiieat Bathand an ohmic

10 contact 306. If the test sensgr port comprises a capacitor plate, the %gte could take the form of an

external capacitor pld{&"8r9is gffBWﬁ,Cté’@ap%{citgfrcb‘l'étﬁéﬂrﬂk?g?%’e st8 wiAlRth&NHE8&ge 302 so

hat i b | ' . Kk 302 digl ic. 5 Wi ibl losed
witin) e package AR By SHIARLE ATt BRI RGy LRI R a1z, that
are coupled in arall%'fg%v?ﬁ&wgt%%g USRI ST CONRAGR Sk F@\’% RSk ARG the test

sensor port 304, 306. ig. 8, the passive circuit components are shown to be capacitors, each of which

is coupled between a4 giffetentinnmobinaRRURIBIGRIISE ABCLaPPHIRNAREHIRA Giritinode 308.
However, these passive circuit components could take other forms, such as resistors R1-R12. In the

device embodiment gi@meithigedidhe values of the parallel capacitors C1-C12 are substantially
matched. That is, the relative variation
One exemplary apparatus disclosed in the afore-mentioned patent
application is shown in Fig. 8, which illustrates a first exemplary embodiment
10 of a device 300 for testing continuity of electrical paths through a socket of a
circuit assembly. The device 300 comprising a package 302 containing
incomplete or no mission circuitry for the circuit assembly of which the
socket under test forms a part. If the device contains no mission circuitry, the
device 300 may be produced based on the structural design of the socket,
15 and without any knowledge of the functional design of the circuit assembly .
The package 302 is provided with a plurality of contacts (identified as
contacts A-L) for mating with contacts of the socket under test. These
contacts may be similar to the socket pins 28 of socket 12 in Figs. 3-7. As
shown in Fig. 8, the contacts on the package may comprise solder balls of a
20 ball grid array (BGA). The contacts could also take the form of a land grid
array (LGA), pins, or other forms of contacts (e.g., PBGA, TBGA, CBGA,
CCGA, CLGA, HITCE, or organic/laminate contacts).
A test sensor port integrated with the package 302 may take one or

more of a plurality of forms. For example, as shown in Fig. 8, the test sensor

25 port could comprise one or both of a capacitor plate 304 and an ohmic

10



15 between the capacitors (or error E) is kept to a small value, such as 0.5%. So long as the error E is
small and the value that the capacitors approach is small compared to the normal values of capacitance
between contacts of a socket under test, the actual value that the capacitors approach need not be
closely controlled. Thus, for example, if the normal values of capacitance 20 between contacts of a socket
under test are around¢@nachidofarHdtiipREstheenstuepdiacdneppaesiiel capraticorplaigprivechlatay be 15
femtoFarads (fF) 0.25%, or alternatively, 14.5 fF 0.25%. Modeling considerations, however, may require
keeping the values of@¢dgakalId1e &yatied RN Atai IHRPSEHOH P @ésipedasafie W8.g2, AZPACE,). The
values of the parallel ca{%gcitors may 25 be kept small compared to the normal values of connector

capacitance so 11 thBEigse ol YritheneRied BHH iR Stetiial il MaY REICR Rkant

additional capacitance beitpl/veﬁn con&actg one the St qke IHwhich may be an important factor for some
tests of a circuit assel%BPy. PRERATEWR i S5FIS A 1o a socket having a plurality of 5 electrically

coupled contagts A-L (e.g., |ﬂt§§%‘t‘éhr\ﬁu‘{ﬁ1%aﬁ?odé&%g%ﬂlfé%ib%e%omﬁﬁ@tﬁé?&éﬂﬁge 9y ‘“@fcmca”y

coupled contacts should resultin a capacitanc elng seen at the test sensor port (where N is the

number of redundantfaaiagis: PG eCORM R APSHEE 8e YR afcashehdRecieripsjsmarallel

capacitors). If there is an open in one of the paths 10 through the redundant contacts, then the
capacitance seen at the trslpRensopaaliaviebesdr biss witihéusthrlitpdiginnadr gapasitange being

attributed to additional opens. An unresolved question, however, is, "If a defect exists, where is the

package 302 and the test sensor port 304, 306. In Fig. 8, the passive circuit
components are shown to be capacitors, each of which is coupled between a
10 different one of the package contacts and a common internal circuit node
308. However, these passive circuit components could take other forms,

such as resistors R1-R12.
In the device embodiment shown in Fig. 8, the values of the parallel
capacitors C1-C12 are substantially matched. That is, the relative variation
15 between the capacitors (or error €) is kept to a small value, such as 0.5%.
So long as the error € is small and the value that the capacitors approach is
small compared to the normal values of capacitance between contacts of a
socket under test, the actual value that the capacitors approach need not be
closely controlled. Thus, for example, if the normal values of capacitance
20 between contacts of a socket under test are around one picoFarad (pF), the
value that the parallel capacitors approach may be 15 femtoFarads (fF)
+0.25%, or alternatively, 14.5 fF +0.25%. Modeling considerations, however,
may require keeping the values of the parallel capacitors within some sort of
desired value (e.g., 15 fF £5%). The values of the parallel capacitors may

25 be kept small compared to the normal values of connector capacitance so
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defect in relation to the redundant contacts?" Although the afore-mentioned 15 patent application "693
discloses how to diagnose the locations of defects using intersecting sets of capacitors, an improved
means for diagnosing the locations of defects would be desirable. The United States patent application of
Kenneth P. Parker, et al. entitled "methods and Apparatus for Diagnosing Defect Locations In 20
Electrical Paths of CdmieeestiohCtulteAstsyingli880 UHPrO®ekel Nodssetes/WIB, 044, dildd November
6, 2003, (Attorney. Docket. No. 10031191-1) is hereby incorporated by reference and discloses how to
diagnose the locatiofi¥dfierieaddionaineAesaiRReEcRpRVTRMEES tecto @pte Hife HckRIreVivslts of
connector contacts. 12 The method in the '944 patent application is shown in an exemplary embodiment

in Figs. 10 and 11. TREWREHSH TR EB S spmedaa s cLbih AT to the method and device

300 of the '693 application virrll @ pgc\l;la e %} ; anmoh?m'ctgontact EOS, te\ﬁt sensoy qurt 50f4, andab
plurality of capacitors C1-C co%pl il parailel betwedn & pluraﬁt)? o %n ACA3 A fhéy pgckage 502

and the test sepsor P&E‘c’?r?c‘llas@c L?éé‘d %%i&é&oi\-iﬂcﬂ&&‘i?g% S %%Wé%‘é?%&’&r?ﬁﬁ%r%&d‘“

components (capacitors C Is also integrated wi poss osed e package

502. Ones of the second RlRItHATIRASH Y HECUILERRARNEAIDIEE ‘EnERWPIGhL DRSS Ghes of the
plurality of contacts on the package. For example, capacitor C13 is coupled between contacts A and B.

Although the passivegisiibeeenpoNetstitie sreong Eheralitt shsbo\worin(wierd 10 ke tikgpacitors,
they could take other forms, such as resistors.
number of redundant contacts of the connector, and C is the value of each of
the device’s parallel capacitors). If there is an open in one of the paths
10 through the redundant contacts, then the capacitance seen at the test
sensor port will be (N-1)*C, with further reductions in capacitance being
attributed to additional opens.
An unresolved question, however, is, “If a defect exists, where is the
defect in relation to the redundant contacts?” Although the afore-mentioned
15 patent application “693 discloses how to diagnose the locations of defects
using intersecting sets of capacitors, an improved means for diagnosing the
locations of defects would be desirable.
The United States patent application of Kenneth P. Parker, et al.
entitled “methods and Apparatus for Diagnosing Defect Locations In
20 Electrical Paths of Connectors of Circuit Assemblies”, USPTO Serial Number
10/703,944, filed November 6, 2003, (Attorney. Docket. No. 10031191-1) is
hereby incorporated by reference and discloses how to diagnose the

locations of defects by using coupling capacitances to couple one or more

pairs of connector contacts.
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To prevent the passive circuit components of the device 500 from 15 picking up stray capacitance from a
circuit assembly under test, a ground shield 506 may surround the components. The ground shield 506
may have holes therein through which component contacts and other signal wires may be routed. The
ground shield 506 may be variously configured, but in one embodiment comprises upper and lower
ground planes coupled by a hermisthod0rotied i pateninspBicalion ¢ examwiple Hie axetpddryor port of the
device 500 may comprise an ohmic contact 508 for coupling to the ground shield 506. In this manor, a
capacitive lead-fram& TR D Hapesddle thdgregher et Bt 20gnal Hreudtwhile
reading the capacitance (or other electrical 25 characteristic) of the device 500 at contact 504. 13

Assume now that the?BRURRIYhd sBRlRuiedngs Helahagdndtdcaife P dhs Bphanricaliano test a
circuit assembly 200 To.lpre are for teé(s the device 500.is djto 2 socket ZOf %6 he ciycuit assembly
e

200, as shown in F_lé?@. A BpciETE a%l-ﬁarﬁ_QTé%tC L3y 5157 TRer Cdtipled 5 16 the test sensor
port 504 of the édeVIC%@ﬁfﬁl}fﬁgﬁﬁﬁgggqﬂlv&Eﬁﬁgd f{ﬁnb%r%%?rggmg%ﬁ g%?ﬁl&%m rise a buffer

512. Those nodes of't that are coupled'to contacts e socket under test

202 are coupled to adyHkey Aftesh ﬁ@sgcms%%,m%ﬁﬁ’g%eéﬁ%@msw-&@rT Bk, TRhe 944 6, TP_7
and TP_8). For 10 contacts of the socket 202 that are ganged together (e.g., contacts B, D, F & H which

are coupled to GROUpMENcanehcantagies & Leatiekl appeglitplest tpaBENYEEe@nlyenghaalsntest probe
need be coupled to the ganged node. By
(capacitors C13-C18) is also integrated with (and possibly enclosed within)
the package 502. Ones of the second plurality of passive circuit components
10 are coupled between ones of the plurality of contacts on the package. For
example, capacitor C13 is coupled between contacts A and B. Although the
passive circuit components of the second plurality are shown in FIG. 9 to be
capacitors, they could take other forms, such as resistors.

To prevent the passive circuit components of the device 500 from

15 picking up stray capacitance from a circuit assembly under test, a ground
shield 506 may surround the components. The ground shield 506 may have
holes therein through which component contacts and other signal wires may
be routed. The ground shield 506 may be variously configured, but in one
embodiment comprises upper and lower ground planes coupled by a number

20 of conductive vias.

By way of example, the test sensor port of the device 500 may
comprise an ohmic contact 508 for coupling to the ground shield 506. In this
manor, a capacitive lead-frame test assembly 510 may couple the ground
shield 506 to signal ground while reading the capacitance (or other electrical

25 characteristic) of the device 500 at contact 504.
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way of example, the test probes shown in FIG. 9 could be included in a "bed of nails" test fixture. 15 After
preparing the circuit assembly 200 for test, one or more nodes of the circuit assembly 200 are stimulated
(e.g., via an AC signal source 600) while other nodes of the circuit assembly are preferably grounded (to
reduce noise and extraneous signal pickup). An exemplary test sequence might then commence with
the stimulation of node 602Ashileallrstivetheddée (dayiceGoddesrdigare08asfdaecsveditinstembly 200 are
grounded. At this point of the test, and assuming that the values of capacitors C1, C2 and C13 are:
C1=C, C2=C, and CEPYO®AREFpParasudssicbiontast AGIraHhay BN td eherepaifaient circuit
shown in FIG. 10. If the socket 202 is in good condition, and is properly coupled to node 25 602, then
node 602 should be $Fril§ @G 2A0SMHEY IR R S25S! gﬂé) PhtheFEBt2SAs TR HELhdted to contact

B of the device 500. Given th e patential at contact B is zero, the capacifance, seen at port 504 should
b equal . . By WA B Llrhrle P EAR MR LB DA N B I EHR easuring the

current flow thrpugh R?ﬁfweégé%{%%@rt atﬁeéo7409f tﬁé“ééb‘i%legéb%‘.’" Héaéﬁ%ﬁotﬂéeé%%ﬂﬁv@%%m IS not

properly coupled to no an open exists between node 602 and contact A. This open will

result in a small capagifarcesDeiRs\PIGERhY) e8HRRi¥E saracies. C1, thus reducing the capacitance
seen at port 504. For example, if the value of C is 15 fF, and the capacitance contributed by the open is 1

fF, then 10 the capacitanceTsrie abpes SOhadirbsi teaenisiately thaddfe. dhiplebasgeniadhe
capacitance seen at node 504 (from 15 fF to 0.94 fF), if detectable by
A-L of the socket under test 202 are coupled to a number of test probes
(e.g., probes TP_1, TP_2, TP_3, TP_4, TP_5, TP_6, TP_7 and TP_8). For
10 contacts of the socket 202 that are ganged together (e.g., contacts B, D, F &
H which are coupled to GROUND, and contacts J & L which are coupled to
POWER), only a single test probe need be coupled to the ganged node. By
way of example, the test probes shown in FIG. 9 could be included in a “bed
of nails” test fixture.
15 After preparing the circuit assembly 200 for test, one or more nodes of
the circuit assembly 200 are stimulated (e.g., via an AC signal source 600)
while other nodes of the circuit assembly are preferably grounded (to reduce
noise and extraneous signal pickup). An exemplary test sequence might
then commence with the stimulation of node 602 while all other nodes (e.g.,
20 nodes 604-608) of the circuit assembly 200 are grounded.
At this point of the test, and assuming that the values of capacitors
C1, C2 and C13 are: C1=C, C2=C, and C13=10C, the apparatus shown in
FIG. 9 may be reduced to the equivalent circuit shown in FIG. 10.
If the socket 202 is in good condition, and is properly coupled to node

25 602, then node 602 should be shorted to contact A of the device 500, and
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the sensitivity of the capacitive lead-frame sensor 510 (and if greater than E) can be used to determine
that an open exists in the electrical path of contact A. 15 Now assume that the socket 202 is faulty, or is
not properly coupled to node 604, such that an open exists between node 604 and contact B. With
contact B ungrounded, coupling capacitance C13 is now placed in series with capacitance C2. If C13 is
much larger than C2 rfeds 64 shiridbersipiirditolaaptachB stidhendevids 500), thwarttbatdpacitance seen
at port 20 504 will be approximately C1 + C2 (or 2*C in FIG. 10). Finally, assume that the socket 202 is
faulty, or is not propePBiessabrRicCRNRsthBbin88es Hi carpetrncsuepanhatdehs Mishmvitdelectrical
paths of both contacts A and B. In this case, the capacitance seen at port 504 should be near zero. Thus,

if there is an open in SR {riddpBVG LR E3AMRIEA EISRARIANES 5668 AL AR FRYER also an

open in the 15 electrical. path of contact B, However, stimulation of 602 alone do llow the device
R RS TRa ey L AR B R S ot A o

500 to provide a means 16 n

contact B. A test of the circ%‘igaeﬁﬁgrngw ﬁggf)ﬂﬁg&%{i%s d\é/qgqug[ %L@ﬁl&t' ; ﬁ%r'goﬂ%ﬂﬁe%% while all

other nodes are grounded. Note that no s a ground plan electr s contacts B, D, F

& H of the device 50Q,dbtBasaskst #0R miBaerecandiinreanddamrerycesriad 8 npdg 604, then
node 604 should be shorted to contacts B, D, F & H of the device, and the capacitance seen at port 504
should be equal to 4Gpée wAssusuINetasnkd bpraiure ®bearppitysdGa-Satid aneitallcapesite C).
C1, thus reducing the capacitance seen at port 504. For example, if the
value of C is 15 fF, and the capacitance contributed by the open is 1 fF, then
10 the capacitance seen at port 504 will be approximately 0.94 fF. This change
in the capacitance seen at node 504 (from 15 fF to 0.94 fF), if detectable by
the sensitivity of the capacitive lead-frame sensor 510 (and if greater than ¢)
can be used to determine that an open exists in the electrical path of contact
A.
15 Now assume that the socket 202 is faulty, or is not properly coupled
to node 604, such that an open exists between node 604 and contact B.
With contact B ungrounded, coupling capacitance C13 is now placed in
series with capacitance C2. If C13 is much larger than C2 (e.g., an order of
magnitude larger, as shown in FIG. 10), then the capacitance seen at port
20 504 will be approximately C1 + C2 (or 2*C in FIG. 10).
Finally, assume that the socket 202 is faulty, or is not properly
coupled to both of nodes 602 and 604, such that opens exist in the electrical
paths of both contacts A and B. In this case, the capacitance seen at port
504 should be near zero. Thus, if there is an open in the electrical path of

25 contact A, it is difficult to assess whether there is also an open in the
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Assume now that the socket 202 is faulty, or is not properly coupled to node 604, such that one or more
opens exist between node 604 and ones of contacts B, D, F and H. For each open, the capacitance seen
at port 504 will be reduced. For example, if there is an open between node 604 and 15 contact B, the
capacitance seen at port 504 will be reduced by roughly the value of capacitor C2. Similarly to the way in
which the continuity efebisiedpribabpadniectcBntdtnv®eean binaatiniteat wodle sfithalatiagdnese 602, the
continuity of the electrical paths of contacts A, C, E & G can be evaluated, to a degree, while 20
stimulating node 60420 &RdIARECEE0R 48R DMeRRSCIRitiHaE RIS aMIRIAGAIaBtIAMSIAtIoN of the
nodes connected to probes TP_3 - TP_8. While it was previously indicated that a defect in the electrical

path of contact A Wﬂ@%%ﬁ?%%?&&@éﬁ@@ﬁﬁ@ﬂ@ éo‘t‘(‘ﬂ/’\,/ﬁgmé?b_cﬁe electrical 25 path of contact B
v ko sk, oottt el i s o

be variously compared to po gnostic n of a

pluralty of diagposticyesulioealyfaatle gng Rdsie mo e AIRE 2 efechip Aaipagogedsuch as 3

power or ground plane e vicinity of a 5 particu ntact of the device r more in the vicinity

of a particular test piaBEHiplaseIRdhaitirdnectipreteshuanlBliy 9itantastadfidaagevice 500.
While the devices and methods of applications '693 and '944 provide exemplary methods for testing a
socket and its connegtiity swithed 202U¢ in good condition, and is properly coupled to node 604,
then node 604 should be shorted to contacts B, D, F & H of the device, and
the capacitance seen at port 504 should be equal to 4C + 4¢ (assuming that
10 the values of capacitors C1-C12 are all equal to C).
Assume now that the socket 202 is faulty, or is not properly coupled to
node 604, such that one or more opens exist between node 604 and ones of
contacts B, D, F and H. For each open, the capacitance seen at port 504
will be reduced. For example, if there is an open between node 604 and
15 contact B, the capacitance seen at port 504 will be reduced by roughly the
value of capacitor C2.
Similarly to the way in which the continuity of the electrical path of
contact B can be evaluated while stimulating node 602, the continuity of the
electrical paths of contacts A, C, E & G can be evaluated, to a degree, while
20 stimulating node 604.
A test of the circuit assembly 200 may continue with sequential
stimulation of the nodes connected to probes TP_3 - TP_8.
While it was previously indicated that a defect in the electrical path of

contact A would result in diagnostic ambiguity as to whether the electrical

25 path of contact B was also faulty, diagnostic results achieved from the
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10 assembly, these solutions increase the opportunity to damage the delicate socket, especially the
socket pins 28. As noted previously with reference to Figs. 3-7, typically, a handling cover 40 is inserted
into the socket 12 after manufacture and is intended to protect the socket pins 28 from damage and
contamination from the time the socket 12, 202 is manufactured, during 15 placement on the circuit
assembly 32, 200; thseqgandeldetinglatiastrardaraitbattackemenn teoagioysiyceysipayedstembly and
attachment of other components on the circuit assembly; and during shipping and handling, until the
integrated circuit 10 iBORSHNY iFe5BOMR) dnebagiostieletRiutp2 . Téhersivrg tébarmakbaidnhe &ove
applications '693 and '944 20 require placing a capacitive sense plate device 300, 500 in ohmic contact
or close proximity (F¥EERRVEIMAITSERIIS SHkENBRIE 98%IsHEIMPe whsthena Aef§FEment for

ohmic contact or close roximirtyncgnngtb satisfied ifrth? sockrcla 1% n2 21s. m ted ert]' atypical shipping
and handling cover A TR herSo e th Ss@tggﬂﬁqﬁe§hoé’ve r (iu‘? File elp\ﬂi:r'lg' ¥$5°hid handling

cover 40 to be femo yﬁ@%?%ﬁﬁﬂﬂ%f%ﬁgﬁﬁeﬁ@%ﬁﬁ%’&‘ren%qg’i&?hQQﬁc¥ﬂi%eo¥“£rﬁé§Fc?ﬁ§ dgfo the socket

12, 202 (and potenti ysical contact with pins 28); the socket testing to the run; the capacitive

sense plate device 309,,a00.40 RecrMemh & Brdee RORKRI 4t 2B RARYNS: SbiRREE BndhBandling
cover 40 to be replace into the socket 12, 202 for 5 further handling until such time as the intended

integrated circuit 10 igdingdlgoplaced in the socket 12, 202. The act of removing the shipping and handling
cover 40, performing the test with a test sensor device 300, 500 in physical contact (ohmic
While the devices and methods of applications ‘693 and ‘944 provide
exemplary methods for testing a socket and its connectivity with a circuit
10 assembly, these solutions increase the opportunity to damage the delicate
socket, especially the socket pins 28. As noted previously with reference to
Figs. 3-7, typically, a handling cover 40 is inserted into the socket 12 after
manufacture and is intended to protect the socket pins 28 from damage and
contamination from the time the socket 12, 202 is manufactured, during
15 placement on the circuit assembly 32, 200; through soldering or other means
of attachment; through processing, assembly and attachment of other
components on the circuit assembly; and during shipping and handling, until
the integrated circuit 10 is finally inserted into the socket 12, 202.
The testing techniques of the above applications ‘693 and ‘944
20 require placing a capacitive sense plate device 300, 500 in ohmic contact or
close proximity (for capacitive coupling) with socket pins 28 of socket 12,
202. The requirement for ohmic contact or close proximity cannot be
satisfied if the socket 12, 202 is mated with a typical shipping and handling

cover 40. Thus, heretofore, these techniques have required the shipping

25 and handling cover 40 to be removed; the capacitive sense plate device 300,
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coupling) or close proximity (capacitive coupling) to socket pins 28, and then 10 replacing the shipping
and handling cover 40 presents risk of socket or socket pin 28 damage, as well as increasing handling
time which reduces test throughput and raises costs. If the socket could be tested without removing the
shipping and handling cover, without inserting an additional testing device 300, 500 and without
physically touching sbeRetophes U@ ntHeseti®dedtetiba isodkktof 202REt Gachaumepsaty qintsickibor, and
testing and handling time could be realized. A testable shipping and handling cover 140 is shown in Figs.
11 and 12, which m&PHa@ WihprSBipHisReCkRb destnthjedhicn-aeoldedipmsaraekivetaePHfexpensive,
simply manufactured dielectric material. The raised pick 20 and-place target 142 may be hollowed out

148, as shown in botRAEVREYIEF BRPY:190Rid? SmmEemared M Meifforiethehd fusiés 256 1818in for
t th. The testable shippi d handli 40 ified t ifive testi
techmaues as desorDLTATR ALUULCAINR BRGFn R PR s a2 R Pl of the
hippi d handli - ' i I ) tially 18
Citorm tickness. T R e B B B e o

anodizing conductive,paigl gnidhe eitam sigte of shipping and handling cover 140. The thickness of the
conductive layer 152 may be selected based on the geometries of a particular socket being 5 tested. For

example, the spacing betwewia thet ieforefnherRPakeERIpsiag G itdenh andipigicevef e paippingngnd handling
cover, the desired sense capacitance and the pin-to-pin capacitance between the pins of a particular
socket being the test with a test sensor device 300, 500 in physical contact (ohmic
coupling) or close proximity (capacitive coupling) to socket pins 28, and then
10 replacing the shipping and handling cover 40 presents risk of socket or
socket pin 28 damage, as well as increasing handling time which reduces
test throughput and raises costs. If the socket could be tested without
removing the shipping and handling cover, without inserting an additional
testing device 300, 500 and without physically touching socket pins 28, then
15 reduction in risk of socket damage, parts costs, labor, and testing and
handling time could be realized.
A testable shipping and handling cover 140 is shown in Figs. 11 and
12, which may be a simple, inexpensive piece of injection-molded plastic, or
other inexpensive, simply manufactured dielectric material. The raised pick-
20 and-place target 142 may be hollowed out 148, as shown in bottom view of
Fig. 12 with some number of reinforcement trusses 146 left in for strength.
The testable shipping and handling cover 140 may be modified to
support capacitive testing techniques as described and taught above and in
applications ‘693 and ‘944. The under side of the shipping and handling

25 cover 140 may be coated with a conductive coating 152 of a substantially
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tested. The conductance in ohm/square need only be sufficient to form small 10 capacitors (e.g.,
15-30fF), which have considerable impedance themselves. The insertion of a few 1000's of ohms series
impedance due to the coating 152 will have negligible effect on the measurements made. The spacing
flanges 144 determine the plate separation of the socket pins sense capacitors, where the end of the
socket pin 150 is the Wteom thigteesad the t®rdacivg to2tmgy they hdeptiedfatibeshieing4hd handling
cover 140 is the common top plate. If a testable shipping and handling cover is manufactured from
scratch, rather than aypRAMRYASRIYEEIRE tapoRiZiodtP itk RavEpieethepbRiifgfisidged may be

designed, so that the coating 152 is spaced 20 approximately 20-50 mils above the tops of the socket
pins 50 to create seSSPRLSHRRDRARANY f@@ﬁfﬁ%n-grg?fﬂ'@%‘ﬁ%f%@%iﬁ?ﬂgHHt‘ﬁ%@ ARk 142is

sized to enable ease of haﬁ‘%%‘?@?@? éﬁfgs?f]?s%'&to%z tﬂlériagg IJrggﬁa*rfﬁEf%a::?t{.lrinr , tIr |§pttf'%? Sséwégé{ng almd handling by

automated equipmen'P%Y ollowed otit n ck-a hee trégget 142 25

may be decreased ot updifieq in.siz6 A0 S PR BB ARRU S ROSRPIREMItY
r%5%.ﬁ<'fncl’t e tg(?p o%{ socket 1 ZP

between the conductive coating pins to enable capacitive coupling there

between. Fig. 13 illusiipissithe JegiaRiSsAiRPing MadirpdingcaMerdkifdn hesaedinichidndd2 on circuit
assembly 32 with a capacitive sense plate and 5 signal buffer 710 coupled to the shipping and handling
pick-and-place targetahdahd hgnceupiingapativestetbetrapacttiy isensieantaieidhrl isdersttissiag
tested.
The conductance in ohm/square need only be sufficient to form small
10 capacitors (e.g., 15-30fF), which have considerable impedance themselves.
The insertion of a few 1000’s of ohms series impedance due to the coating
152 will have negligible effect on the measurements made. The spacing
flanges 144 determine the plate separation of the socket pins sense
capacitors, where the end of the socket pin 150 is the bottom plate, and the
15 coating 152 on the underside of the shipping and handling cover 140 is the
common top plate.
If a testable shipping and handling cover is manufactured from
scratch, rather than applying a conductive layer to an off the shelf cover, the
spacing flanges may be designed, so that the coating 152 is spaced
20 approximately 20-50 mils above the tops of the socket pins 50 to create
sense capacitors in the 15-30fF range. The top of the pick-and—place target
142 is sized to enable ease of handling of the socket 12 during
manufacturing, testing, shipping and handling by automated equipment or
handlers. The hollowed out region 148 under the pick-and-place target 142

25 may be decreased or modified in size and shape or eliminated at 153 to
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above the cover during testing is not an important parameter as long as itis larger relative to the typical
value of each sense capacitor. It may be in the 10-100pF range, making it approximately 1,000-10,000
times the value of a 10 typical sense capacitor, which means effectively it degrades the sense capacitor
measurement by a negligible amount and is insensitive to variability of cover thickness and dielectric
constant. The testabksshippiteseantbkiatitilibgtosesr theéOaergubtivid ¢natingy 1sithplydatidirigra@onductive
layer to the under side of a typical shipping and handling cover 40. 15 To prepare for test, a capacitive
lead-frame test asseffislyer P 1ediacneBl§ Farachig sRPHIGitarBePeRciude ohmic connection)
coupled to the testable cover 140. The capacitive lead frame assembly 710 may contain a buffer. The

nodes of the circuit assembJ@3068 iR dipies P SRRiRRand MFRALRR GV ER P LI are

coupled to a number of test es (e.q.,.JP 1, TP, 2, etc.). By way of.example, the test probes shown
g, 13 may be incAER 112 A0 B I SRRETE L o FRATAY Tet dlabiea . 5070

tester. Aft ing; (e8] fort ireui bl
e A T e S O 0 SR e g o

stimulated (e.g., via am'A er no e circult assembly are

preferably grounded {predtce palighir Bt S INE U SIIRA RIGKSP)o AR GKEMRIYYsifShegauence
might then commence with the stimulation of node 714 while all other nodes of the circuit assembly 300

are grounded. In thiszypae theeblciheusrRaSR SARAIIIAES 46 anpénBiE pataribier asanarierns iormed
between each of the ends 50 of the socket pins 28 and
larger relative to the typical value of each sense capacitor. It may be in the
10-100pF range, making it approximately 1,000-10,000 times the value of a

10 typical sense capacitor, which means effectively it degrades the sense
capacitor measurement by a negligible amount and is insensitive to
variability of cover thickness and dielectric constant. The testable shipping
and handling cover 140 may be formed by simply adding a conductive layer
to the under side of a typical shipping and handling cover 40.

15 To prepare for test, a capacitive lead-frame test assembly 710 is
capacitively (this may also or alternatively include ohmic connection) coupled
to the testable cover 140. The capacitive lead frame assembly 710 may
contain a buffer. The nodes of the circuit assembly 300 that are coupled to
contacts A-J of the socket under test 12 are coupled to a number of test

20 probes (e.g., TP_1, TP_2, etc.). By way of example, the test probes shown
in Fig. 13 may be included in a “bed of nails” test fixture, such as the Agilent
Technologies, Inc. 3070 tester.

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 708), while

25 other nodes of the circuit assembly are preferably grounded (to reduce noise
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the conductive coating 152 of the testable shipping and handling cover 140. These sense capacitors (Ca,
Cb, etc.) are substantially equivalent in this embodiment to C1 -12 of the test devices 300, 500 in Figs.
9-11. The relative capacitance of the different sense capacitors (Ca, Cb, etc.) between the 10 cover plate
152 and the top of the socket pins 150 are substantially equivalent across the array of pins 28 for the
socket. The capacitafod @danengs bigwegricheyhbdvingsvoképinestSasabseamighy tanivalent in this
embodiment to C13-18 of the test device 500 in Figs. 10-11. The capacitance Cab between neighboring
socket pins 28 are s\A9SEERRRER WithniBechEMAaHoss ehenafley df swbiket pinathe: Apdes pbitieof the test,
assume that the values of capacitors Ca and Cb (capacitance between socket pin "a" and cover 140 and
socket pin "b" and cW@P'iﬂ@??@%&@Weﬁ?gf@@ggé) and Cb=C. Assume that the value of Cab

(capacitance between sockfet @llrll "ae" agnod sock et {%in b%sls %abzl.(?(%. 20 WitQ the {on}e oin aessumptions,
the apparatus shown in Fig.nl rﬁayrﬂ ge'Hucéd S the ec‘fuiv%ﬁ’@ﬁi Rrcdiv8nown | |°—'g. 12. i9.15

illustrates an eguival%af)ggﬁ:wg ff%rrﬁ}i'@dar?&@féaéHs Q ﬁigf e QHH;?&?@S@?%&%%QRE%Q %socket 12 is

in good condition, and is properly couple to node 714, then no orted to contact A 25

ofthe socket 12, andods 12 AL, r6r SONATLENL R SSRKFRUIES Ganiag porenial a

[
contact B is zero, the capacitance seen at the sense plate 710 should be equal to C E. By way of
example, the capacipiee seaizalEHRAMNAE L1 Tands deyivedddnmanseoy it aurient flow

through sense plate 710 using a meter.
embodiment to C1-12 of the test devices 300, 500 in Figs. 9-11. The relative
capacitance of the different sense capacitors (Ca, Cb, etc.) between the
10 cover plate 152 and the top of the socket pins 150 are substantially
equivalent across the array of pins 28 for the socket. The capacitance (Cab,
etc.) between neighboring socket pins 28 is substantially equivalent in this
embodiment to C13-18 of the test device 500 in Figs. 10-11. The
capacitance Cab between neighboring socket pins 28 are substantially
15 matched across the array of socket pins 28.
At this point of the test, assume that the values of capacitors Ca and
Cb (capacitance between socket pin “a” and cover 140 and socket pin “b”
and cover 140, respectively) are Ca=C and Cb=C. Assume that the value of
Cab (capacitance between socket pin “a” and socket pin “b”) is Cab=10C.
20 With the foregoing assumptions, the apparatus shown in Fig. 13 may be
reduced to the equivalent circuit shown in Fig. 14.
Fig.15 illustrates an equivalent circuit for the apparatus of Fig. 13
during one portion of a test. If the socket 12 is in good condition, and is
properly couple to node 714, then node 714 should be shorted to contact A

25 of the socket 12, and node 712 should be shorted to contact B of the socket
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5 Assume now that socket 12 is faulty, or is not properly coupled to node 714, such that an open exists
between node 714 and contact A. This open will result in a small capacitance being place in series with
capacitor Ca, thus reducing the capacitance seen at sense plate 710. For example, if the value of Ca or
C is 15pF, and the capacitance contributed by the open is 10 1fF, then the capacitance seen at sense
plate 710 will be appiiékinfaidy D@4feteMiitd ehangtant hdscapacithrceapasiiancsessenphitth@10 (from
15fF to 0.94fF), if detectable by the sensitivity of the capacitive sense plate 710 (and if greater than e),
can be used to deterfifiRgethRlelh GpRrsERids PetRAUERARICal hath oBYonRittA. XAReIe.a®ime that the
socket 12 is faulty, or is not properly coupled to node 712, such that an open exists between node 712

and contact B. With COPRSERRCEMFELnYedcrst iRl cAbAcianBecap ey plaeasuiNge s with

capacitance Cb. If Cab is m%vvlﬁllrr%er han C%é%t% gi\l@ order of rr%algnitude larger, as shown in Fig. 14),
Will

then the capacitancecgégr? IRl B%ﬂ% e“S'BSrSXrP ately Ca + Cb (or 2*C in Fig. 14).

Finally, assume that the sog\lgg %i%gwl{%pl’s&&]&t ?éoﬁeafaﬁdﬁggﬁrﬁ%' ﬁ%tbgmrg%fé@gglpa Yé'd4t%nd 712, such

that opens exist in the electrical paths of both contacts is case, itance seen at the

sense plate 710 shoighbe nNeas z8r A offdhesedt b aRahindhe PleclirabBath-eivShagtact A, itis
difficult to assess whether there is also an open in the 22 electrical path of contact B. However,

stimulation of node 734calaie AR Praviieal BgRitRaatdipengsiacehetbeianwpeadsinm the
electrical path of contact A or contact B.

Ca, thus reducing the capacitance seen at sense plate 710. For example, if

the value of Ca or C is 15pF, and the capacitance contributed by the open is

10 1fF, then the capacitance seen at sense plate 710 will be approximately
0.94fF. This change in the capacitance seen at sense plate 710 (from 15fF
to 0.94fF), if detectable by the sensitivity of the capacitive sense plate 710
(and if greater than €), can be used to determine that an open exists in the
electrical path of contact A.

15 Now assume that the socket 12 is faulty, or is not properly coupled to
node 712, such that an open exists between node 712 and contact B. With
contact B ungrounded, coupling capacitance Cab is now placed in series
with capacitance Cb. If Cab is much larger than Cb (e.g., an order of
magnitude larger, as shown in Fig. 14), then the capacitance seen at sense

20 plate 710 will be approximately Ca + Cb (or 2*C in Fig. 14).

Finally, assume that the socket 12 is faulty, or is not properly coupled
to both of nodes 714 and 712, such that opens exist in the electrical paths of
both contacts A and B. In this case, the capacitance seen at the sense plate

710 should be near zero. Thus, if there is an open in the electrical path of

25 contact A, it is difficult to assess whether there is also an open in the
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A test of the circuit assembly 300 and socket 12 may continue with 5 the sequential stimulation of the
other nodes connected to other test probes. Fig. 15 illustrates a method 1000 for testing continuity of
electrical paths through a circuit assembly using any of the above-described test devices or techniques
(as well as others). The method 1000 commences with the coupling 1002 of a sense plate to a test
facilitating shipping agldctichhpdiihgicoveiagidied toweayetketinutationof thisieoliitirdpisedesesibed for
illustration purposes herein as capacitive, the sensor plate may be coupled by other means, such as
ohmic contact. One d¥aYéte AdRAsftdiranesingrafptiesamarae $1io4ndha aledriatialh
characteristic is measured 1006 via the sensor plate coupled to the shipping and handling cover. The 15
measured electrical H&ALRFiCTSREALEBmpared with at least one threshold to assess continuities of

electrical paths through the ig%ltit%g ?]‘ae[imﬁéﬁiil%grggr\%@ﬁrﬁgrticgIgg elfrgfi J?E%&;?é}ﬁ}é% ?eﬁé]jdisclosed

herein to illustrate and teach the mv otherem fEHRS d. example, the

present testing.techriges RO/ JRIAHON SHEMEOHBY NG Sisul AsesmbiYe g cgatact of the

socket and circuit assemgt% , and the internal electrical continuity of the socket without having to remove

the protective shipping and-hanghing spuesobtHR-sasHet0dh & dntRINR! £ lesHiraly antinsityiof the socket

itself prior to attachment to a circuit assembly may 25 also be tested by stimulating contacts of the socket,

rather than stimulatinga# conéaels of hegircaitastynbbing may be tesispblefaeiertiog aédarge
sockets, complex sockets, sockets with internal circuitry, or sockets prone to
devices or techniques (as well as others). The method 1000 commences
with the coupling 1002 of a sense plate to a test facilitating shipping and
10 handling cover mated to a socket. Although, this coupling is described for
illustration purposes herein as capacitive, the sensor plate may be coupled
by other means, such as ohmic contact. One or more nodes of the socket
are then stimulated 1004, and an electrical characteristic is measured 1006
via the sensor plate coupled to the shipping and handling cover. The
15 measured electrical characteristic is then compared with at least one
threshold to assess continuities of electrical paths through the circuit
assembly 1008.
While particular embodiments have been disclosed herein to illustrate
and teach the invention, other embodiments are also anticipated. For
20 example, the present testing techniques provide for testing the continuity of
the circuit assembly, the contact of the socket and circuit assembly, and the
internal electrical continuity of the socket without having to remove the
protective shipping and handling cover of the socket. The internal electrical

continuity of the socket itself prior to attachment to a circuit assembly may

25 also be tested by stimulating contacts of the socket, rather than stimulating
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failure prior to attaching them to a printed circuit assembly. The teachings herein, may also be used to
perform other tests of 5 sockets or circuit assemblies with sockets besides electrical continuity, such as
determining attachment of specific sockets at specific socket locations on a circuit assembly comprising
more than one socket or determining if sockets are attached in the appropriate orientation on the circuit
assembly. Also, the edetadtnlatdhencitguifeaseembtyordithaayobe deskebtenfarciestind ®@asxgembly may be
tested simultaneously using the teachings of the present invention. All of the above testing scenarios are
within the scope of tHs&ete aeAiiRS a ReCkAtfcipatkats YHEI MOE1RFIr BRSPS iPahEPRait@ mbodiment
of the present invention has been disclosed for illustrative purposes, those skilled in the art will

appreciate that 15 vi#ibtie RiGGi-atRFHINdBRIBAR &R UGHSGItEHbASSE BN bssible, without departing from

the scope and spirit of the itmen{ion resul ing in e uival?nt embodinients at remain within Fhe scope of
S

the appended claims. The ap%eﬁa%r@gimg arein @lm%aotobseuégg Pug" 8ercPJB%rs Pvariations,
except as mited by D Ig R treticasSanohbs W/ShdRef' Bl Sictidd AARRRY, (€AY continuity

of electrical paths through an” 2'integrated circuit socket of a circuit assembly, comprising: a shipping and
handling cover, having ai4ensiff R AcRRIAIPiIdSe AN ekets at specific socket locations on

a circuit assembly comprising more than one socket or determining if
sockets are attached in the appropriate orientation on the circuit assembly.
Also, the electrical continuity between more than one socket on a circuit
10 assembly may be tested simultaneously using the teachings of the present
invention. All of the above testing scenarios are within the scope of these
teachings and anticipated by the inventor.
Although this preferred embodiment of the present invention has been
disclosed for illustrative purposes, those skilled in the art will appreciate that
15 various modifications, additions and substitutions are possible, without
departing from the scope and spirit of the invention, resulting in equivalent
embodiments that remain within the scope of the appended claims. The
appended claims are intended to be construed to include such variations,
except as limited by the prior art.

20
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6 cover. 2 4 2 a conductive layer on the bottom side of the shipping and handling 2. The device according
to claim 1, wherein the shipping and handling cover is configured to capacitively couple with electrical
paths through the integrated circuit socket of a circuit assembly. 3. The device according to claim 2,
wherein the shipping and handling cover is configured to capacitively couple with a capacitive sense
plate of a tester. 4. An apparatus for testing continuit{ bA¢MSrical paths through an 2 integrated circuit
socket of a circuit as&z%t/ §§m r %lg %test facilitating shipping and handling cover configured to mate
4 within the socket a il i &m d ' to electrical paths through the socket; 25 6 a capacitive sense
plate configured to capacitively couple with the test facilitating shipping and handling cover; and 8 a

tester configured to stimulate nodes on the circuit assembly coupled to the electrical paths through the

integrated circuit socket of the circuit 10 assembly and measure electrical characteristics of the integrated
circuit socket sensed by thé- cAiRipESQelpsdngaentinuity of electrical paths through an

2 integrated circuit socket of a circuit assembly, comprising:

a shipping and handling cover, having a top side and a bottom side;

4 and
a conductive layer on the bottom side of the shipping and handling
6 cover.
2. The device according to claim 1, wherein the shipping and
2 handling cover is configured to capacitively couple with
electrical paths through the integrated circuit socket of a
4 circuit assembly.
3. The device according to claim 2, wherein the shipping and
2 handling cover is configured to capacitively couple with a
capacitive sense plate of a tester.
4. An apparatus for testing continuity of electrical paths through an
2 integrated circuit socket of a circuit assembly, comprising:
a test facilitating shipping and handling cover configured to mate
4 within the socket and capacitively couple to electrical paths through the
socket;
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5. An apparatus in accordance with claim 4, wherein the tester is 2 further configured to compare the
measured electrical characteristic to at least one threshold to assess continuities of electrical paths
through the 4 integrated circuit socket of a circuit assembly. 6. A method for manufacturing a shipping
and handling cover for an 2 socket of a circuit assembly, wherein the socket has an array of pins, the
method comprising: 4 formiagapaoiie Isenise) Riaieconfigweditnicapatitvaly gdapte ofith ihielestric material,
wherein the cover is configured to mate within the 6 socket with the bottom surface of the cover in close
proximity of the arrayRFIBHEGRABRIFhgsR- MBI &OVIe&IFay of pins when mated; 8 forming a layer of
conductive material on the bottom surface of the cover. 7. The method according to claim 6, wherein the

layer of 2 condBictive materal§SIRS ISR Wit R R YR GERUH AP SRIEN GESE mated

ithin th ket, th ductiye | 6.4 itivel les.with ins.in th f pi
v e st Dt Iy SRR PARESIL 2050 e AT e ool o
socket while %&h'pp'ﬁ&%ﬂ%ﬁa%}%'ﬂ%ﬁl% & ‘é’tmﬁ\ e SORKEHSUPRISIRG: ‘r‘ag&ﬁ’%ﬁ@{?'y coupling
contacts of the socket to a conductive Tayer of a Shipping and handling cover: & colpling a capacitive
sense plate to the shipping a&ckBanling ea¥8Eitive sense plate.

12
5. An apparatus in accordance with claim 4, wherein the tester is

2 further configured to compare the measured electrical characteristic to at
least one threshold to assess continuities of electrical paths through the

4 integrated circuit socket of a circuit assembly.

6. A method for manufacturing a shipping and handling cover for an
2 socket of a circuit assembly, wherein the socket has an array of
pins, the method comprising:
4 forming a cover having a top surface and a bottom surface of a
dielectric material, wherein the cover is configured to mate within the
6 socket with the bottom surface of the cover in close proximity of the
array of pins without physically contact the array of pins when mated;
8 forming a layer of conductive material on the bottom surface of

the cover.

7. The method according to claim 6, wherein the layer of
2 conductive material is formed of an appropriate thickness, such that

when cover is mated within the socket, the conductive layer
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stimulating one or more nodes of the socket; 8 measuring an electrical characteristic; and comparing the
measured electrical characteristic to at least one io threshold to assess continuities of electrical paths
through the socket. 9. The method of claim 8, wherein the measured electrical 2 characteristic is
capacitance. 10. A method for testing continuity of electrical paths through a circuit 2 assembly,
comprising: matting a test-faipegiiinehiopiplgsanithhemeibhn gnoow @ing ia thesackegtabioihe witbirit assembly;
stimulating one or more nodes of the circuit assembly; 6 measuring an electrical characteristic; 27
comparing the measured eletgegkeharacteristic to at least one 8 threshold to assess continuities of
electrical paths through the circuit assembly. 11. The method of claim 10, wherein the measured
electrical 2 characteristic is capacitance. 12. A method for determining continuity of electrical paths

through a circuit 2 assemblr\é wEhm% %fé%kf%t @g%lﬁ gotrﬁls% L&Iﬁlzg% réw nscha{ﬁ%gﬁ%aln% Lr}c;%ﬂ%ng cover,
: nhode Ircuit \ S

comprising: 4 stimulating oné or mor circ S in e or more electrical
characteristics pf thei%E%L?gtgoaa?ggml%lé’c%t‘i)?ﬁ?ecg'gﬁéﬁphﬁ%l'Qrgdvﬁ'gﬁémﬁgs&%mg ARAibangling cover; and
using one or more of the"measured electrical characteristiCs to assess
socket, comprising:
4 capacitively coupling contacts of the socket to a conductive layer of a
shipping and handling cover;
6 coupling a capacitive sense plate to the shipping and handling cover;
stimulating one or more nodes of the socket;
8 measuring an electrical characteristic; and

comparing the measured electrical characteristic to at least one

10 threshold to assess continuities of electrical paths through the socket.

9. The method of claim 8, wherein the measured electrical

2 characteristic is capacitance.

10. A method for testing continuity of electrical paths through a circuit
2 assembly, comprising:
mating a test-facilitating shipping and handling cover to a
4 socket of the circuit assembly;
stimulating one or more nodes of the circuit assembly;

6 measuring an electrical characteristic;
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8 continuity of electrical paths through the circuit assembly. 28

comparing the measured electrical characteristic to at least one
8 threshold to assess continuities of electrical paths through the circuit

assembly.

11. The method of claim 10, wherein the measured electrical

2 characteristic is capacitance.

12. A method for determining continuity of electrical paths through a circuit

2 assembly with a socket having a test facilitating shipping and handling cover,
comprising:
4 stimulating one or more nodes of the circuit assembly;

measuring one or more electrical characteristics of the circuit
6 assembly by capacitive coupling with the shipping and handling cover; and
using one or more of the measured electrical characteristics to assess

8 continuity of electrical paths through the circuit assembly.
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