TEST STRUCTURE EMBEDDED | N A SHI PPI NG AND HANDLI NG COVER FOR | NTEGRATED
Cl RCUI T SOCKETS AND METHOD FOR TESTI NG | NTEGRATED Cl RCUI T SOCKETS AND
CIRCU T ASSEMBLIES UTI LI ZING SAME Background of the Invention During
manuf acture, circuit assenblies (e.g., printed circuit boards and

Mul ti-Chip Modul - t t h as
open sol der join Tmﬁ?yﬁgmﬁgmﬁﬁ‘ g‘eﬁﬁ W&Wé‘ﬁ@gﬁf-@g@s (e. g
~pins, balls, orCGVERlBOR)mFE:GR)ATEmelmlrcsoeKETfS)AN@ME'ItHa(DBCFGRI s via
capacitive lead-frane_testing. Figs. & 2 illustrate an exenB ary setup
“for capacitive |eEESrTﬂuﬁéNl%sGRA%ED:%CUiT.SCPGB{EF&%IDaCtR CUIT t " assenbl y
circui t board 10 104 Encl oseit sy M HES TIRRANGRANES 200 106, “The 1 ¢
is bonded to the |eads 108, 110 of a |ead- frarre via a plurality of bond

wres 112, 114. The leads, in turn, are to be soldered to conductive
traces on the printed circuiBa @Egieunsj@ HONt hat one of the | eads

108 |s not ‘sol der to the rinted circuit er.eby resul i n an
“open” def ect. 15 UG MRRSGHER e HH ?&smgﬁ%gégozpﬂete GGk borths

| ead-frame test assenbly 116. The exenplary test assenbly 116 shown
conpri ses a éaé\dsMultpcatreK/MyleSa\ ngeduadogtested igrointefpenned gefegts spigh ame
test assenbly is coupled to an alternating current (AC) detector 124. A
first, ogsoundgednt ssitler joinise brdkenl consectorsplaad bentl eadhiddlignet] lebds I(€.9.,
package. A second test probe, 20 TP_2, is coupled to |ead 108 of the IC
package. The gs0palld, &t sprifd @ohfacts)l SOOWRIyetd téstadr Aluchogéfeetsl #BSvia

capacitive Iead-framé testing. Figs. 1 & 2 illustrate an exémplary 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 Iead-ffame test
assembly 1176. The exemplary tre‘st“éssembly 116 éhown 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 ih 'Fig. 1.

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



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
plate 118 and the | ead 108 being sensed, and Cioint is the capacitance seen
bet ween the | ead 108 and the conductive trace (on the printed circuit

boar d to

repre)sents W'% {W b&%ﬂ? Ilﬁéwgzg%ﬁﬂ]elg% ésteg‘;e °P‘f5tﬁg%ﬁé%&% nsge% est ed
i's good, swtc the c tan t he AC detector
is CSense. | be?wseniaa 'eadﬁ?ﬁg apddne engUaie hade (an 1% Partbgurioul et
,capamtance seen by the AC detector is CSense * Cloint / (CSense + CJoint)
| f CSense is tenyyeh thelags isssupposed dabeysaldgrgdr Ttheapwiely %cr@@reﬂe@ts:tha)l nt,
a bad lead will -result in the AC detector seeing a capacitance near

“Cioint. As a queity of thehead®eileg tested. - ifithe ledd bemgetestdd iscgood, swétehlSiis on to
di stingui sh CSense from Cloint. Additional and nore detail ed expl anations

of capacsti ve|bsas érfoam cé@a%titbnae Feenl it AT BBitdctst iSIEL LS. Antigsiledy-
5,557,209 of Crook et al entitled "ldentification of Pin-Cpen Faults-by

Capacitive OO‘% I ni t ed
St at es Pat ent étﬂ%%@égggg gl? ers'ir): rigz?n r{&?# Jﬁ%ég%g%epl %ﬂ]ﬁl gng ode
System for ctin der I n.Pri nt Crcuit Assenblies".
Over the yeariE%ethF qﬁc@sqﬂﬁct ob@'”hév&ﬁemeﬁ%#@ﬁ ?EIQSF%E §u@29§§§ng?
capacitive lead-franme testing. One factor is a |lack of capacitive co%pl i ng
bet ween an | @'g@ﬁ@ﬁﬂt%'ﬁ&%fn'&ﬂ'a& as pessiblesense gbaddeadiwil r9$tdb|rethei A
| argely 20 traced to the on-going mniaturization of |C packages and their
| ead-frames, detectoekteing 4 bapacifaneetnean Gyfi\grAsiadesit,éhe A detexddr miusk s
bet ween | ead- franmes and the sensor plate (sone of which are internal to an
I C s pagkage)have sufficient resolution to distinguish Csense from Cgint.
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 “Identificatioh of Pin-Open Faults by Capacitive Coupling Through
the Integrated Circuit Package”, and in United States Patent No. 5,498,964
15 of Kerschher 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 teéter’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-framés 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



The mniaturization of lead-franmes is al so exacerbated by "area connection”
packages. In an area connecti on package, the package's lead-franme is laid
25 out as an array on a surface of the package; rather than in rows al ong
the 2 edges of the package. Exanples of package area connections include

ball grid ar a

balls on a éoﬁéacéﬁﬁaa%gbgag%%g an SI ;B(y %ég?g: F‘%‘&%’ﬂ tgaq rarre
conprising a uralit nC| ed or screened nta t s on, a surface
O S om b ALk e 3 R b et ohsiod %lgmoégﬁfﬁr b3S PRE t hey
often mnimze the lengths of signal traces coupling a package's ICto its
lead-frame. swineeafa packageaandiland orid @rmays éL(Ashadegdiiame, eompdsingaame
testing in that they sonetines nmake it difficult to position the sense

pl ate of a capaility sk steneded br acredrast eontaot phds enemsughcerodd patkads). t hei r
| ead-frames. 10 One way to address sone of the problens of IC

m ni at ur s zat i ggal éonr@cﬁéﬁ PaeKadds L b@cbcﬁtaﬁtéb%di’%tlﬁﬂhaMeyQ)f%7mﬁﬂ1%lﬁ

Parker et al. entitled "Integrated or Intrapackage Capability for Testing

Bl ectrical Copb! @il oPUURATARod TSRRAL oY Sdeib's, 10 el ALt 1Y

-Thi s patent teac acerren sensor rnterror

Kk If the pl t_15 of f h
capaci i ve oAbV R °éaéasc¢fiv‘é‘qi§eg% rapainate Bah be

i ncreased - in part because the interior placenent of the capacitive
sensor can citheviseeitimes aakenty diffigult e posdiosstheasense plateof @ eapasitivehe | C
package. Another factor that has interfered with the success of capacitive
| ead- 20 frarfeadémirmmgastesr infoboseat maught proaimisy tnthieir leadi$ranmed. ot al | eads on
an | C package.
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 beéause 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 fotal Iéads 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 ahd ground connections, and are

redundantly connected ih parallel (either on a printed circuit board, within an

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



As | Cs have becone nore conpl ex and operate at higher frequencies, the
ratio of non-signal |eads as a fraction of total |eads has increased.
Typically, the non-signal |eads supply power and ground connections, and
are redundantly connected in parallel (either on a printed circuit board,

W thin an 25 . W] | {.S€e - fer
testing is nocie%@?e?ég?gﬁteegﬁ toglehgt(g‘c? G%'é)génés&sohlréﬁ%’hg%? é&é#ﬁﬁéscﬁgg gf e
significant fraction of 1C. |eads cguld suffer from opens that cannot be
Cested. vor dRBUHEPURUTE TPRLOPFRS TIA\CaRNRY BHISRSh (e success. of
capacitive lead-frame testing is socket-mounted | C packages. These.
packages do not 5Yeforiathar facden that hag ipteifared puith Hhe sHecrasedl Fapaiivect s
that allow themto be added or replaced after a board is manufactured. This
adds a | ayer lead-fraometestingyis tsocketsmongtadnlG patkagespefhesmpackdgaes dehokeen
the board and package requires proper connection between the board and

socket. &f thﬂouﬁta@iké’eﬂg toSa Bbafg but aré Mo sl &h sobRELS that SllcW tisemnead ons
(i.e., between to board and package, and between board and socket) can be

tested at onGgyqal Br 'r@%@gﬁ&uéﬁ%ftssﬁoargoigrﬁ%bﬁf @Rdt €5his SARECA UV of

| ead-frame tes and s wever, a ese techni ques depend on the
inserted device's inherent,. testagbility for opeps coverage; and eyen jf the
i nsert ed deviEMPIEKEY o ctesting B, At liebsh ERcR RRIBRAN NS P8I e gnal
| eads- wi || be adequately tested, 15:and redundant power and ground v
connect i ons vitaakaga|rpayies grereyl gennesiprdetween ithe hagsd anddserket.cdf tes poor
testability, neither the inserted device nor the socket will be adequately
tested. Al so,pabagetis placeddnithe skckefeboths setshef eonaectiomspliret ubetween t o
damage a socket that nust be minimzed during
10 . board and package, and between board and socket) can be tested at once
via In-CircLlit 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, 'onIy 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 increéses testing and handling

throughput.



manuf acture, shipping, handling, attachnent to the printed circuit board,
20 testing or during insertion of the ICinto the socket. Accordingly,
there is a need for a nmethod and apparatus to test integrated circuit
sockets that mnimzes the risk of damagi ng the socket, reduces testing
and handling costs, and increases testing and handling throughput. 4
Summary OF The I nvention A device enabling testing continuities of
el ectrical paths through a 5 ¢circuit _nﬂbl i s presented. The device nmay
conprise a test facilitating ﬁﬁﬂﬁﬁﬁﬁé&ﬁ.@dﬁ&@ﬂl&bover for a socket of
the circuit assenbly. The test facilitating shipping and handling cover
may have a conductive |layer for capacitively coupling with an array of
pins within the sogkpivisdehBBling $&4tihg cantr.mxithwo!fa-;ﬂécttﬂgalc?émwlsntméugwfa;
el ectrical paths through a circuit 10 assenbly is presented. The net hod
may conpfi se I i e :Qf i i RV
capaciti Er\’/el y %@Hgﬁ%&h{vﬁg’( ﬁ@?r%%eﬁ@%’((ﬁft i-l\-/ngoﬂg?/lgg m%?%f)ﬁﬂedr[ses% t %ﬁﬁ@'&%ﬂgng
shi ppi ng and handl i cover. mated to a socket of the . circuit assenbly,
reacor | v an iR e FOAInGC i 68r B SRR bt Bhe clifut SssEbbly § ThAdRSY
tester coupled to the shipping and handling cover to 15 deternine
continuity offaglfiteting; shippipgt A’d tharsling €T cnpy¥ Uhaveadsepmdyctive igyeefor
Description OF The Drawi ngs A nore conpl ete appreciation of this invention,
and nmany of tdapachivelytanling waittivam gy ©f phnsrwittin the sbcket duringdi testirgppar ent
as the same becones

' 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 co4upling with a cohdubtive layer
of the test facilitating shipping and handling‘ cover mated to a socket of the
c‘ircuit assembly, measuring an electrical characteristic of the circuit
assembly with a tester coupled fo the shipping and handling cover to

15 o determine continuity of electrical paths through the circuit assembly.



better understood by reference to the fol | ow ng detail ed description when
considered in conjunction with the acconpanying drawi ngs in which |ike
ref erence synbols indicate the sane or simlar conponents, wherein: 10 FIG

1 illustrates an exenplary set-up for capacitive |lead-frame testing, FIG
2 illustrates an exenplary circuit for capacitive lead-frane testing; FIG
3illustrates a side, cut-away view of an exenplary integrated 15 circuit

socket with an integrated %i{ré:ﬁ'bt housed br} ein. FIG 4 illustrates a top
view of an exenplary integedl escription:EHEhe Deawings i | | ustrates a si de,
cut-away view of an unl ocked, enpty integrated circuit socket nmounted on a

circuit assenbly;, FIG 6 illustrates a side, cut-away view of an exenplary
integrated 20 cirguhbreseskfletel AppRcritioRPbhdhidNAvEAIH,| 88d GR¥ARY diotheed
therein; FIG 7 illustrates a top view of an exenplary integrated circuit.

socket % t h altesdappadwpnriages theteol yilt be seadibigpparentasthe s#ng begomes

Il lustrates enpl.ar nbodi nent o device for testi .continuity of
el ectrical p%rér@)'gt d§6§§°§i l?%ﬁ?tlré‘?%& eiﬂ)lzai\%(jo(}ﬁv{"ﬂgs%%tﬁﬁ?‘i .;cpeggngt'l% .\Ag‘.e.n
iIlustrates apnexrRi®d dhYcaijtrestiont nithothed adedmpanying dewind® in GOER Nkt Y of
el ectrical paths through a circuit assenbly mated with a socket, wth a

capaci tive | daferenreggymbels indisatening sasu@ e ginilarceapangnis wharein: 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

exenpl aiy enbodi mENG. 1 illustrates an exemplary set-up for capacitive lead-frame
testing; 4 ‘
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; |
o 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 cm)er housed therein;

FIG. 7 illustrates a top view of an exemplary ihtegrated 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 socke’t,
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;



of a shipping and handling cover with a conductive |ayer for capacitive
testing; 6 FIG 12 illustrates a bottomview of a shipping and handling

cover with a conductive |ayer for capacitive testing; FIG 13 illustrates
an exenpl ary enbodi ment of a testable shi pping and handling cover for

enabling testing I
connector of a ci ?@E’T tﬁglsllﬁs%f%{es% %M]&Zé gﬁg&ﬂ{goé'@dj‘pﬁﬁgﬁggam tR'HPe
| ead-frane t%bomﬂlﬂﬁwbllayerdupbaﬁhdltﬁwetW&tm@st abl e Shl ppi ng and, handling

cover; FIG 14 |Ildy%0rat s an equivalent circuit for apparatus of FIG 13 -
during one porti dHCofl 3dllusteates anexemntacy emBodimand of artestakla shippivgart f or

an exenpl ary Jif R Ifn%rc&\/%??d%abﬁﬂﬁb?ﬁmgt[)éét alnlugg%ggféc%al nﬁ%h%”g{)g'}’gh a

‘socket connector of a“circuit asse Scri
| nventi o Soraasm:kqblcennectbegfatcardun:assemblsj raatednwith dlsomket witoaint ed on

boards, 5 but ar ten ed t eside in so S t them 0 be
Sdded or _r opiaRBGVE RS- TaMs Bt SRseTRM R eithe ARt PP B roun: ed
to a board W epket- connector is illustrated in Figs. 3 and 4, in
which an I C 10 Q|q12§secured in a socket base 12 by neans on a lid or clanp
plate 14 and a clRfp 1drillisitdted &n efuivalehtidrcuit fort appardtusrof dGkdd during pl ace

within the to sock 1q'f btéfi clarrp pl ate 14, which depresses the IC 10 onto
a field of (Rﬂﬁ%‘?: adhPy 9% i ngers 28 that map one-to-one to sol der

balls (@ pins) 2‘FIG. 15 illustrates a flow chart for an exemplary method for testing
continuity of electrical paths through a socket connector of a circuit

assembly.



on the bottom of the socket 12, as shown in Fig. 3. The I C 10 may neke

el ectrical 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 sol der balls or solder colums. 22 that come into physical and
electrical contact with individual pin spring fingers 28, which nmap to an
array of pads, pins, solder balls or solder colums 24 that are attached

to traces, pads or ot herD@@@m@@thgé;ﬂ?ﬁoﬁrOfnmé)qwgn{j@gt shown). As seen
inthe top viewof Fig. 4 € SOCKe Td or clanp plate 14 may 20 have a
wi ndow or access hole 18 to perm't a detachabl e heat sink 20 to be
attached to the I C 10 after ured. withi he socket 12. The
eat st nk 20 may SAMEGATPE PG AT T B RCHR Sated SRS | n
the clanp plate 14. 1f an installed 1C 10 nust |ater be rem)ved t he heat

sink 20 5is rufoaredintended ite isids é rogkatsnthasf pemmit dhemptyibe: addad dme
clanp plate 25 14 may be hinged on one side with a hinge 26 and cl anped on

one or nore r8placddsaftertd oerdds manefactiasyls A6 exemplanpyChbmoahtedpés aon t wo
or nore sides 26. Fig. 5 shows an enpty, unlocked |IC socket 12 with clanp

plate 14,  clbyzd i a%@bkétgcdﬁn@cfdrrigﬁru%tra?ed mnags 'Y ah8dgen }picHan $Ql1der
balls 24 for 5 attaching the socket 12 to electrical contacts on a printed

cirouit boar d. 3o AgeACk Sookd £A% 1o AN PESPE: ua%sgmi% gl cate

pin spring fingers or contam na

e S oo o8 e RS bR R !
an | nex?Oen5| Vs%cket 18 by a clamp ;))late 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 intFig. 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
covntact' 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 tid or clamp plate 14 may
20 ha}ve'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 elamp plate

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



10 shi pping and handling cover 40 into the socket 12, as shown in Figs. 6
and 7, before it |eaves the socket manufacturer. The shi pping and handling
cover 40 is clanped 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 L dgem | ppi ng
15 and handl i%gé%{(’)@grdn%oes §E)% a%gwﬁl%fgpggﬁ”@éée%:ﬁaﬁ@§ﬁéﬁ/§% "H}(ra]g%@éssoz&
The spring p%(? fingers 28 are therefore not under tension during shipping,
handl i ng and @t't achnent of the socket 12 to the circuit board. The shi pping
and handl i ng cover_40 has a pi ck-and-pl ace target 42 that protrudes

t hrough aperture 189of shewspagMplyatdlocked AG Fagkateld withoclamenplate 14,
positions the socket 12 onto the circuit board 32 during attachnment uses

t he pi ck- and-gampe16.aspring pih fingersr 28 hspacing dedde? 30sand tsadderdodlls 24 dor boar d
32, it is inportant to determ ne whether the socket 12 is satisfactorily

attachedst o titeaddasy the3ockieh 1226 ldiutticdl contaetsibh Oprintbd GrelR®ohidPBs. (pover
and ground included) attached to the board 32. s The United States patent

o St 0 oo oy ARSI
Assenbl i " USP i al Nunb 01683. 69 filed Cctob 9, 003
CaLorney. bdSKIED BBF ' Borain et agiaitiatiod, Bugng ,ipRGe SR BIfRs ndhce

and di scl oses how to determ ne whether defects exist in one or nore of a
plurality of kReasdassembly,sorRmetyrneiatssas shrun in 5ig. & mredsclorhropiaiectetne
exenpl ary apparatus disclosed in the afore-nentioned patent :

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 Ieaves\ the socket manufacturer. The shipping and handling
cover 40 is clamped into place over, but not touching the fragile spring pin

| fingers 28. A spécing 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 clahp 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 fhe socket 12 is satisfaétofily
attached to the board 32, in particular, aré all of its connections,(powerr and

ground included) attachedto the board 32.



application is shown in Fig. 8, which illustrates a first exenplary

enbodi rent 10 of a device 300 for testing continuity of electrical paths

t hrough a socket of a circuit assenbly. The device 300 conprising a package
302 containing inconplete or no mssion circuitry for the circuit assenbly

of which the soc f I e a no

m ssion circuit rylﬁq{%w%gv§@g§0%tgﬁt QBE% ué%%ébgsgrﬁ %npgﬂ@’st ?usatlzt ur al

desi gn of the €] 5 and t hou now e th i 0 deS| n
0rthe o r corantided Shathoas Hag AbpRs %zjfﬁét"}ﬁ CoRtBLGer EICHtal Balney ot ©
contacts (identified as contacts A-L) for mating with contacts of the

socket under khsaugh TResweciosmt okt §'r|6‘rlsl§ﬁ pesembliear USRTHE Serriadt Numleer2g of

socket 12 in Figs. 3-7. As shown in Fig. 8, the contacts on the package
may conpri se 1K96&82698afiles Gfctabe?,b2003,gfAttbraey.aPo¢iBEANO. THEO3N@OMat) s coul d
al so take the formof a land grid array (LGA), pins, or other fornms of

cont act ss (. herelPéasordiated BpGfereREE¥ndtiStlostl Hoflw t Hetirife WHeamgmat e

contacts). A test sensor port integrated with the package 302 nay take one

or more of %Ie‘?éé’céﬁx ds‘tYn 8he ot MBre &Y pEfl‘?lpr ofele%?nc’%‘ éfﬁrf%ea%&ké‘te test

sensor 25 port cou conprlse one or capa and an
ohmc 10 contaﬁ 306. the test sensor port conprises a capacitor plate,
the plate c i ?a‘f@nﬁeﬁ form of an external capacitor plate or, as shown,
a capacitor plate 304 that is enclosed within the package 302 so that it
may be coupled t OWRiNgMARYpaRRAGIUSOISHRsaY mémecafmezmemlon@@goaée@d Wi th
(and possibly enclosed within) the package 302 is a plurality of passive
circuit conpapplicatiqn sesttown idFigs 8cwhinti itlasteates adirg) exéraplary 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 teet forms a p'art. If the device contains no mission circuitry, the
device 300 may be produced based on the structura_l 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 cohtacts (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 ofe plurality of forms. For example, as shown in Fig. 8, the test sensor

25 port could comprise one or b’oth‘of a capacitor plate 304 and an ohmic

10



~are coupled in parallel between ones of the plurality of contacts A-L on
the package 302 and the test sensor port 304, 306. In Fig. 8, the passive
circuit conmponents are shown to be capacitors, each of which is coupled
between a 10 different one of the package contacts and a comon i nter nal

circuit node diye | | It » ke
ot her forns, CO%(P ! as r‘(lg’fi{h’ge,{fg{éﬁ@%g?ﬁéb?f%o%é{%é e%ﬁ% Bfr@nél %e;%eg?l%%n I n
Fig. 8, the vaI of .th aral | el pacitgors Cl-Cl2 are substantially
mat ched. Thathuﬁ%‘l‘? h[eef%érFl Qfa v&?‘leé'f'gl af'go'bB ek ?%éﬁ@élﬁa@lqa&a@t?'br
error e) is kept to a small value, such as 0.5% So long as the error e is
smal | and t hedlate) 304 thedds enelosag adihimihe ppekagecBO2 so thakit mayhe sosplado t he
normal val ues of capacitance between contacts of a socket under test, the
actual val ue tohsing the pagkaget3dPsaspdisdectticneed not be cl osely cont roI | ed.
Thus, for exanple, if the normal values of capacitance 20 between contacts

of -a socket under |hRgjrat@tiewm Qaﬁ@' p@@eubw enkiasad vittn) tHehsac eusoﬂz hgtg the

paral | el capacitors approach nay be 15 femoFarads (fF) 0.2 or

al ternativel pluﬂa‘ﬂfo{/fas%n?esc/ c%&ﬁhg erﬂe%ﬁ@& a%'}:%paﬁm%"él-zmmllatt Of

require keepi'ng t ues o IeI capaC|tors W n-sone’sor

25 b kept. S%aélco%@lei%ageﬂh%%ﬁél&?éfﬂ&p Fallf o cortaciS ARh o o %o

that insertion of the device 300 into a socket under, test wi Il not add
si gni fi cant RAFKEISS auphlE teghsensuPased04 oiitaclnsFign8. theepassivecgircuihi ch

may be an inportant factor for sone tests of a circuit assenbly. Wen the
devi ce 300 i compaeni®are shoketo heapgcitons| each of whirh is Soapledtbatwathya
coupl ed contacts A-L (e.g., a socket having redundant ground |
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 keepihg 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 cavpacitance SO
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contacts), stinmulation of the electrically coupled contacts should result
in a capacitance of N*C being seen at the test sensor port (where Nis the
nunber of redundant contacts of the connector, and Cis the value of each
of the device's parallel capacitors). If there is an open in one of the

ths 10 th th
Pest sonsor A i pRL ol HRE SR 005 int B eockB AR oneiﬁfﬁ'"iﬁ%Q%anci
b ttribut I A ,
11" dof cot Mntea GhbHonA et 5&3@ SR SRR T B

contacts?" Although the afore-nentioned 15 patent appli catlon "693

di scl oses hovin@y beiasyimpastan éagtecierisome stuiefacireuitiassambliit er secti ng sets
of capacitors, an inproved neans for diagnosing the |ocations of defects
woul d be desi rabl eNh?éhetMnidBEideSB@ﬂ) ds matexhtto appdooket imaving aKeturalith 6F .

Parker, et al. entitled "nethods and Apparatus for Diagnosing Defect
Locations | n el@&riEAIRE EHUSIRL &ﬁ’ftéétsOA |Cpageca &oekef helinguiddunaarBldarl .
USPTO Seri al Nunber 10/.703, 944, | ed Novenber 6, 2003,, (Attorney. Docket .

No. 10031191l 5c). '&%ﬁh%(ndé{;pf"&ﬁ’é“ Bcithly SRIRLPBORRRCHbaR BSER iha | o

di agnose t he oca 'ons 0 ects by usi capacitances to couple
one or nore airs of c t.or. cont act 1 net hod ,in the 944 atent
ol | cat on I GPERBNCT RN ol s eﬁ%%ztﬁah?ewrppag (WIS N o1t
net hod and device 500 of the '944 a ication is simlar to the nethod and
devi ce 300 ofhumker gfgedupgantcentamss OEﬁva eRNneciic RAGE Bohe valueaheachceht act
508, test sensor port 504, and a o
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 unre‘solved qustion, however, is, “If a defect exists, where is the
defect‘in relation to the redundant contacts?” Although the afore-mentioned

15 patént application “‘693 discloses how to diagnose the locations of defects
using intersecting sets of capacitors, an improved means for diagnosing the
locations of defeg:ts would be desirable.

The United States patent application of Kenneth P. Parker, et al.
entited “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 coUpIing capacitances to couplé one or more

pairs of connector contacts.
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5 plurality of capacitors A-C coupled in parallel between a plurality of
contacts A-L on the package 502 and the test sensor port 504. The " 944
application includes a second plurality of passive circuit conponents
(capacitors C13-C18) is also integrated with (and possibly encl osed within)

the package 502. GR&s linbd, 3@@% Bhtdi pbioAlobRogain B BfibletgEenent s

10 are coupl ed between ones o cont hé pac

For exanpl e, cit d tween contacts. A Al t hough
the pacelve STPBAMCrEcRpavenia SBEP e 2BeoRaMotimad ceyios S abie | 4F|% 0
~to be capacitors, they could take other forns, such as resistors.

prevent the pﬁf%'ﬁ@@o%ﬂ& similardenipsagitodoand elevire, 3@ afdbef 6%apl>BC§iika| ng

up stray capacitance froma circuit assenbly under test, a ground shield
506 may surr chavihg hepackagensdR,san maigmut&bt:ﬂﬂ&ltdst%smypdmﬁm, and es
therein through which conponent contacts and other signal wires may be

routed. ghe gsiQrney i 6ashdkoPes r@v-d?eccywle@uml baeém'lsm@@n Eubldréll‘@né‘f

enbodi ment conprises upper and | ower ground planes coupled by a nuib

of conductiveyiass BY YR¥hO a%i@g@g@g %ul?(? tltngsté tS§hEBk 9“5 af 4 n'ﬁbe %el ce

500 may conprise an ohm c conta or couplngtot e grou Id
506. In this C|t|ve | e d st assenhl y.510 up
t he ground ﬁﬁr@f;a '%6'”?@10§§gﬁalse§f)6 nf %ﬁﬂeeofe%%ﬁsh\é? t%@éaﬁampﬁéﬁeg (or
other electrical 25 characteristic) of the device 500 at contact 504. 13
Assume now t H&BPagjtors &yl 180ds a&ﬁ@nmteﬁraw with {asd rhassibly gnelesed awithie)
paragraphs, is used to test a circuit assenbly 200. To prepare for

: 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 passivé circdit 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 configufed, but in one
embodiment comprises upper and lower ground planes cdupled by a number

20 ~of conductive vias.

By wéy of example, fhe test sensor port o‘fv the devfce 500 may
comprise an ohmic contact 508 for coupling to the grdund shield 506. In this
manor, a capacitive lead-frame test asserhbly 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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test, the device 500 is mated to a socket 202 of the circuit assenbly 200,
as shown in FIG 9. A capacitive |ead-frane test assenbly 510 is then
coupled 5 to the test sensor port 504 of the device 500. As shown, the
capacitive lead- frame assenbly 510 nmay conprise a buffer 512. Those nodes

of Lhe CLreu! assemin 20, WAl SeCRAPLSY LONRATIRCLS adidhog Jhpesocke

under test 202 are cou 0 a nunber of -
TP 2, TP 3, TP 4, TP 5 P 6, TP,7 and TP.8) .. For copntacts of the socket
207" hat ~ar & S1GEAPRRANRES L5CR to B5hAreiciteEstsmibly U s eiare fed ol ed
to GROUND, and contacts J & L which are coupled to POAER), only a single
‘test probe ndest Be devipe &I0tis mafeddartyseckes 282 afythe gipuibpsssmhiy 200,ta% t est
probes shown in FIG 9 could be included in a "bed of nails" test fixture.

15 After prepowngintfS. . r Awapaaiive ndhd-raat: fest aseanblyodi) srthenroeuptedes of
the circuit assenbly 200 are stinmulated (e.g., via an AC signal source 600)

whi | e otdier nedrs tedt seheocpdt BOY 1386 dbliteB0D. PASEROWA! theddapadre 1646
reduce noise and extraneous signal pickup). An exenplary test seguence

m ght then : fl | : e 602 while all other nodes
(e.g., 20 ngﬁes %%ge%%]s%q]ﬁ]tﬁddﬁé@él ?%ggére?ﬁ?)?'y 200 are grounded. At this
point of the test,-and assun t hat ..t he val u capaci t or Cl and
Cl3 are: Cl=C, C2=R0SgPdesahiihe cirgit %FSSH‘?D&{ 2@03{\% & puRlsdiio QOWE&Soe
reduced to the equivalent circuit showm in FIG 10. If the socket 202 is in

good conditi ditL @hthe soghkedperdey testigPreccoibded tos gomberfriegbaeokss

shoul d be shorted to contact A of the device 500, and 14
(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 nodé. 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‘ fo}r test, one or more nodes qf
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 redu’ce
noise and extraneous signal pickup). An exemplary test sequence might
then commence with thé stimulatidn of node 602 while all ofcher 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 équivalent circuit shown in FIG. 10.

If the socket 202 is in good condition, and is properly cdupled to node

25 602, then node 602 should be shorted to cohtact A of the device 500, and

14



node 604 should be shorted to contact B of the device 500. G ven that the
potential at contact B is zero, the capacitance seen at port 504 should be
equal to C e. By way of exanple, the capacitance seen at port 504 may be
derived by nmeasuring the current flow through port 504 using a nmeter 700. 5

e oo™ ARl s SRGHE o Qo @bieet B of Hellflidl R8T I ER hACHg! ©

node 602, suc an open exis Ween no con act

open w || resu | I, capacitgpce bei aced in s

capacitor CP° e‘('ﬁ@é a?é:ﬂ’ﬁg?%gg ﬂﬁéeﬁoagﬁ@i‘i%ggg%eﬁe% agoqqrfgbi S'\Qoﬁtkpgﬁarrpl e,
if the value of Cis 15 fF, and the capacitance contributed by the open is
1 fF, then 1GALICGFGI By eicxanapleptie carpeitance seen ahped H0demay Peo. 94
fF. This change in the capacitance seen at node 504 (from 15 fF to 0.94
fF), if detedesibed blyyneamﬁringehheicttjrneirttﬂowfthrm@mpmaﬁoniuomg 2atktér 0@ sensor
510 (and if greater than e) can be used to determi ne that an open exists

in the ¢ ectrical A@%hhé)ﬁowfﬂﬁ'étatﬁé sobketlZ02 ALY BHTE nbhafope§ copleRito202 i's

faulty, or is not properly coupled to node 604, such that anh open exists

bet ween node %gé &Y LRRlASE %#.oReW&wstg%mgg 'ﬁoHB%d%‘QH&‘E&BFa%W&'. gusi .

capaci t ance P55 T RSW place serres w capaC| tance
much | arger than rger hown in FIG
Ty then  nePeaylbsHin acinelPapatanc3sbing Hifaad oeserisr itk fapariSTcy <
C2 (or 2*Cin FIG 10). Finally, assume that the socket 202 is faulty, or
i s not propef@l thusughueingdthsotapasitaneaissenoat Rad BB4, Faiexample, pibes
exist in the electrical paths of both contacts A and B. In this case, the
capaci tance sakre aftCpodd fFHadd tHeochpaditannezoniribubed Biatise opén i fe, ihenan
open in the electrical path of
10 the capacitance seen at port 504 will be approxmately 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 cas’e,\the capacitancevseen 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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25 contact A, it is difficult to assess whether there is also an open in
the 15 electrical path of contact B. However, stinulation of node 602

al one does allow the device 500 to provide a neans for diagnosi ng whet her
an open exists in the electrical path of contact A "or" contact B. A test
of the circui ont Ik | ti~aN ode
604 whil e al Iél%@ﬂégnz%t e@%ﬁr%‘u%@@gsﬂégn}%@ﬁ rﬁéﬁgg é%é? O?Salghegd?oo nd

pl ane that el ctrlcall - coy s contacts B, D _F,.& H of tr}g‘adevi ce 500. |If
the socket 26BOWStE, AgKGE R PIoVaS & means ios sirgnesig MBI EToan RRET604,

t hen node 604 should be shorted to contacts B, D, F & H of the device, and
t he capaci t arfdsts éxthesglegisical path of geatast he'osgerntacidB4C  4e (assuning t hat
10 the val ues of capacitors Cl-Cl2 are all equal to C). Assune now that the
socket 202 is faulA testof thescincuit assgmebly 200capy edntioue mittiethé Glimwatdn ofhat
one or nore opens exi st between node 604 and ones of contacts B, D, F and

H For efich qrese sbhevkitPafli diABE fodesnardt giRfinded04 Not IthaPRodeBEEG aF-or
exanple, if there is an open between node 604 and 15 contact B, the

capaci tance %?@g?n@?)gaﬁé;ﬁwgggqéﬁiéﬂéaw%:SHﬁl\%%:'b?ﬁfi%cﬁy B BH 8N %)Pfﬁe IRl 560.

capacitor C2 way e ¢continuity of the

electrical p of .c ct .B can be evaluated while stinmulating, n 602,
The- cont | nut st SoaE? 20Bde i cEmY Ghdilshh e Mbpefintoupieate e 0,
eval uated, to a degree, while 20 stinulating node 604. A test of the
circuit assertbey nede G4y shaid beughartadhtoseqniaeisitl D, Et& uphihegievige. tand nodes
connected to probes TP_3 - TP_8. -

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 thé socket 202 is faulty, or is not proberly 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 bath of
contact B can be evaluated while stimulating node 602, the coﬁtinuity of the
electrical paths of contacts A, C, ’E & G can be evaluated, to a degreé, while

20 - stimulating node 604.

A ‘t'est of 'the circuit assembly7200 may continue with sequential

stimulation of the hodes connected to probes TP_3 -}TP_8.
 While it Was previously i.ndicated 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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Wiile it was previously indicated that a defect in the electrical path of

contact A would result in diagnostic anbiguity as to whether the electrical
25 path of contact B was also faulty, diagnostic results achieved fromthe
16 sequential stimulation of a plurality of nodes can be variously conpared

L PO SRR SR e R

a plurality o € one PEPN AE sther a
defect in a su node such as nd pl an s in.the
vicinity of DAY PRGNS A SEenRshic GMYIgUtYe i theswre oo Baaipn RE @
vicinity of a particular test probe (i.e., such that the defect is noted

at a plurali tB}U@I“tYC@fn@'&@ﬂ@Sf!ﬁ retSMis cgavenablsene tordeterming Wastheea defact
met hods of applications '693 and ' 944 provide exenplary nethods for
testing a sodket saper nbdedsudeasi aipgowen ohgeound plane) idon dss esdhiyy of lrese
solutions increase the opportunity to damage the delicate socket,

especialdy t fr%rﬁ@ﬂgﬁéorﬁaaﬁof?@e davideos 6ol d?rrﬁé#eolhsthé Wdihity 6€4 %ﬁmﬁartt@st Fi gs.
3-7, typically, a handling cover 40 is inserted into the socket 12 after

ottt b bRt BT o BB SR B oRi ATy 0 LIRERAITAR 10

pl acenent onc}he c% uit assenbly 32, 200; through soldering or other neans
of attachmenty (ﬁfgh processi ng, assenbly and attachnent of other
conponents on the circuit assenbly; and during shipping and handling, until
the integrated ci rWhile ﬂl@d%'CﬁSﬁ’éﬂdl Wethﬁ)ﬁérqfﬁpn“ﬁﬁﬁo"ﬂ%@ t94f2pr02l§f23 The
testing techni ques of the above applications '693 and '944 20 require

pl aci ng a capxenmplary s@Etlsedgpfart estingi a so8ket, aBditsi comtrativity avithaat ciosuit

10 assembly, these solutionsv increase the‘opportunity to damage the delicate
socket, especially the socket‘ pins 2.8. 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 processiﬁg, 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 fhe_ above applications ‘693 and ‘944
20 ré'quire placing a capacitive sense pléte device 300, 500 in ohmic contact or
close proximity (for capacitive coupling) with socket pins 28 of socket 12,
202. The requirement for ohmic contaét 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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close proximty (for capacitive coupling) wth socket pins 28 of socket 12,
202. The requirenent for ohnic contact or close proximty cannot be
satisfied if the socket 12, 202 is mated with a typical shipping and
handling cover 40. Thus, heret of ore, these techniques have required the

PP 25 b Y, ol SRS 205 BB R °
T e e

socket 12, 202; and the_ shipping and handling cover 40 to be replace into
the socket 1Xlateodeyige 300, u58&ép PRrfgmavgdufiem theseckeind2a@02h@ndnthended
integrated circuit 10 is finally placed in the socket 12, 202. The act of
~removi ng t he shipgipg randahendlangiicover d0\vter bel Geplpeefintantheg sot‘.lk&%t 12};3202\nf<bth a

test sensor device 300, 500 in physical contact (ohmc coupling) or close

proxi mty (capaRbt h¥dIFRLUMhtl 3akh ttens askeé wﬂéﬁée@ﬁﬂegf%‘{’ed Bréuil 9o r@ﬁhéﬂcy ng
~the shipping and handling cover 40 presents risk socket or ~socket” pin

28 damage, ?Pcl)d/l\@éd irfhie |§6%[(8@f?’;g1%andl ing time Whl ch reduces test

t hroughput a Fal Ses cos e socket coul d be tested W|thout

renovi ng the shi ppILhneg Pd handl i n n}la nsertl n di ti onal
testing devi ce 300 N%86 QEE?WY'HQ ”E%I""I REPVEEE etp CHEINSG

then 15 reduction in risk of socket darra e, parts costs, l|labor, and testing
and handl i nghei test owth @ Bestr eernWedevmet&Q abPe@ l@hpbqosleaj emaﬁb.ﬁ@mmm

cover 140 is shown in Figs. 11 and 12, which nay be a sinple, inexpensive
pi ece of i nj emupling) ot clese pr@dmiity,(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 pihs 28, then

15 reduction in risk of socket damage, parts costs, Iabor, 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-rholded plastic, or
other inexpensive, simply rﬁanufactured dielectric maferial. 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 a}nvd handling

25 cover 140 may be coated with a conductive coating 152 of a substantially
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ot her inexpensive, sinply manufactured dielectric material. The raised

pi ck-. 20 and-place target 142 .may be hol | owed out 148, as shown in bottom
view of Fig. 12 with some nunber of reinforcenment trusses 146 left in for
strength. The testabl e shipping and handling cover 140 may be nodified to

support capagjfd ' i ‘ ' . t nd in
applicati ons%rgﬁggﬁgh@%é%. ﬁ%re% ﬂ]ﬁggﬁ\/ési?%%ﬁﬁcfﬂa&gges%pglﬁé(ﬂggg}?d&ﬁ}a@rﬁlﬁng 25
cover 140 may be coated with a conductive coating.152 of a suybstantially

8 i f or m ¢ IvcsReRE0; PRI drarPOE e Eendirtiva P it e et Al er
140 by spraying, brushing or anodizing conductive paint onto the bottom
side of shi shirRingsadhanling gover é40.14be thigkness ekheseonsfuctive laysid®e: i ve

| ayer 152 nay be sel ected based on the geonetries of a particul ar socket

bei ng 5 test enay Hir selenipd ehasedeorspthel ggometriex of t dnepdriigulaf sobketsbelogt pi ns
and the wunderside of the shipping and handling cover, the desired sense

capaci tafice tagddt Friixaniple the spRiRgy batle@nltRE W& Bf tHEsdtkes pfifs @hd the
particul ar socket being tested. The conductance in ohm square need only be

sufficient t - ' (e - , ' ; .

consi der abl e%@%@%ﬁgw%gﬂégﬁgﬁﬂ ﬁ%\@m&ncscgfre [ t?)’% d%grgbfsg\;v\‘f@lf[&%gg\(%}ceohm
series inpedance, due to the coa%i ng 52 Wi LI have, neql i gi bl ecg(figct on the
neasur enent s {0e BREORYA CRRFCANC n@@‘efﬁi A A AL I $RGKeL BFGat i on
of the socket pins sense capacitors, where the end of the socket pin 150
is the bottorfpedte, and the 1s coating 152 on the underside of the

shi ppi ng and handling cover 140 is the common top plate.
- 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 impedan’ce due to the coating
152 will have negligible effect on the measurements made. The spacing
flangés 144 determine the plate separation of the socket pins sénse
capacitors, where the énd of the socket pin 150 is the bottom plate, and the

15 cqating 152 on the underside of the shipping and handling cover 140 is the
cdmmon top plate.

If a testable shipping and handling cover is manufactured fronﬁ
scrétch, rather than applying a conduétive layer to an off the shelf cover, the
épaéing flanges may be designed, so that the kcoating 162 is spaced

20 épproximately 20-50 mils above the tops of the socket pins 50 ,tc\) create
sense capacitors in the 15-30fF range. The top of the pick-and—place target
142 is sized to enable éase of handling of the socke_t 12 during =
manufacturing, testing, shipping and handling by automated eqruipmentvor
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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| f a testabl e shipping and handling cover is manufactured from scratch,
~rather than applying a conductive layer to an off the shelf cover, the
spaci ng flanges may be designed, so that the coating 152 is spaced 20
approximately 20-50 m|s above the tops of the socket pins 50 to create

sense capaci tig.d Btg)lts@epr%)rim%g Eﬁfgﬁé&eﬁf%hge-rgﬁn{iﬁ&ivgf ccf(an g%gi"aﬂﬁdth@ B0t ar get

142 is sized 10 enabl e ease e socke during

manuf acturing, testin hi ppi ng _and.handlin aut gmat ed equi pnent or
nandl ors. ThaoRkEl IRBS8E bl rarER et i e SHRE ol ace ©arget 142
25 may be decreased or nodified in size and shape or elimnated at 153 to
19 assure cl ose prfdgi 13 illusiiatesclbe teptable pbipeing/ane bandling ceveratdd imet op of
socket pins 150 to enabl e capacitive coupling there between. Fig. 13

il lustrates tdoekeed2aBD2 amigipuitpssetbihad® with & mapacltiv® sensehplatsaridet 12,
202 on circuit assenbly 32 with a capacitive sense plate and 5 signal

buffer 710 caiighbufer 7he colipRR t!ibgthér!éhiﬂitﬂﬁé|dn@l§héhhdlihg?éi§k-ﬁhé—‘%ﬂaéeafé3§ét 142.

The coupling between the capacitive sense plate that "i's positioned ~above

I
the cover durigsg HeR! bOhind BEfwdh I PabAN O YRR At O Bhidrod S |

larger relative to the typrecal Vv _ Sense capac r-
of a 10 yp, @HOVEaRE ERahatinG 1SRG SInchaa RErPL PAIAMS S @50809 83061 ho
sense capacitor neasurenent by a negligible anbunt and is insensitive to
variability dargesvelativete irebpicalyalliecpiceach sensnsepanitorThemey el e
- shipping and handling cover 140 may be formed by sinply adding a
conducti ve | aet00pf ramge, malking si ajgprokinaatelypl 080-EKhO@tinpsathe Vainel lof ag
e 4‘106 typical sense capacitor, which means effectively it degrades the sense
capacitor measurement by a negligible amount and is insensitive to
variability of covér 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 df 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 prob‘es (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 aséembly 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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15 To prepare for test, a capacitive |lead-frame test assenbly 710 is
capacitively (this may also or alternatively include ohm c connection)
coupled to the testable cover 140. The capacitive | ead franme assenbly 710
may contain a buffer. The nodes of the circuit assenbly 300 that are

umber of tedt 9{5?8%) %eg'*ahepﬁiﬁfdé“%ki“g%mﬁ’%ﬁ 5 SEyRe b e
Fixture.  suctPRments AT 45 SUTEaien oginstle 114" i, e P o

preparing the circuit assenbly 300 for test, one or nore nodes of the
circuit asserfcyitassesidP@aerigaunged. vi a an AC signal source 708), while
25. other nodes of the circuit assenbly are preferably grounded (to reduce
noi se 20 and ext rlantisisersbodialent theimenséncapanitorsir(Ca, eCb, stcyareetha ght
then commence with the stimulation of node 714 while all other nodes of

the cirguit c%%‘é@ﬂ@ﬂsﬁo?&@d%eﬂm@éﬁ%ﬁiﬁﬁof tHe ERES 5@n$mlen§dﬁkettd"r% 28R

capacitors (Ca, Cb, etc.) are the 5 capacitors forned between each of the

ends 50 of tqﬁe%ﬂﬁﬁé’cl\@a ﬁﬁg?@gof EH&T%?M#%@ sﬁ’éﬁh%%ﬁ&'%dﬁé c%(/ep(?

testabl e shipprng an cover nseé capacrtors

tc. tantial m t to Cl- h t t
o Lo S0 T eSS i o o BEEREML BB S, o5
sense capacitors ?éﬂ é bet ween the 10 cover _plate 152 and the top
of the socketempp W@ﬂ)t‘hﬁé 132,19 therfestieyicea g 2l im Figer 994 tTe wlative of

pins 28 for the socket. The capacitance (Cab, etc.) between nei ghboring
socket pins Z&plax;ltanmsmnheadllﬁgreeﬂ]marmbempaoﬁorém(@a 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 substantiallyy equivalent in this
embodiment to C13-18 of the test device 500 in Figs. 10-11. The
capacitahce Cab between neighboring socket pins 28 are substantially

15 matched across the array of socket pins 28. B

| At this point of the test, assume that the values of capacitors Cé and
.Cb (capacitance between socket pin “a” and cover 140 and socket plh ‘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 tesf. Ivf 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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enbodi nent to C13-18 of the test device 500 in Figs. 10-11. The

capaci tance Cab between nei ghboring socket pins 28 are substantially 15
mat ched across the array of socket pins 28. At this point of the test,
assune that the val ues of capaci tors Ca and Cb (capacitance between socket

pin "a" and er Vel [ ' are
Ca= C and Cb AsGs“l]ﬂér#g tﬁ‘%g) e véﬁ%?g‘t%‘? nge@’a@ac&? C(':tgﬁggt b 115%?&(
pin "a" and socket p b=10C. 20 th the forego ti ons
Phe appar at uSSRBuRIRL Ty soSidB8 BEUEL B fceh To Bhenal ok SaRPIS

shown in Fig. 14. Fig.15 illustrates an_equivalent circuit for the

appar at us of gapgcitan-e ggenngt seRsHIateon1Gfmay thes derived thye measusing1the s i n
good condition, and is properly couple to node 714, then node 714 shoul d

be shorted tccwmmltﬁowthrcﬁ.@meﬁertsleqolatecm udifg sameéterode 712 shoul d be shorted
to contact B of the socket 21 12. Gven the potential at contact Bis

zero, the capacit geingePwathdthebckeenseispizaity, 620 %@'-Hr@pém/ @gugﬂedtfb C c.
By way of exanple, the capamtance seen at sense plate 710 may be derived

by measuring jhe 78 %d%ﬁtthﬁa f Oéﬂé‘tssc?éﬁ/‘ée e 771]rf)aH3'c'89 a?cérﬁft %node

Assune now t hat so ty, or 1s not properly coup
714, such that an ﬁlﬁ Xi St s t ween.node 714 and cont act This .o
resulf mfﬁ

will result i9P8Y AP PMANCEARAGIARCH PENY PRCEP; SET16H Wﬁh GEpaeite or

Ca, ‘thus reducing the capacitance seen at sense plate 710. For exanple, if
the val ue of @& tgusapd@cmme capacitanee saeacattsanse rlatet F1buFedexgmples iflopen
Is 10 1fF, then the capacitance seen at sense plate 710 wll be

appr oxi mat el ythe 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 apbroximately
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 e), 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
contéé:t B ungrounded, coupling capacitance Cab is now placed in series
with capacitance Cb. If Cab is much larger than Cb (e.g., a‘n }order of
magnitude larger, as shown in Fig. 14), then the capacitance éeen at sense

20 plate 710 will be approximétely 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 see'n at thé sense plate
710 should be near zero. Thus, if there is an open in the electr‘icalv path of

25 - contact A, it is difficult to assess whether there is also an open in the
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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 e), can be used to determ ne that an open exists
in the electrical path of contact A 15 Now assune that the socket 12 is

faulty, or is ey r d : ; t-8N n | Sts
bet ween node eﬁ@hgﬁld&g@n %%@E& %VtﬁBch:g%g}gZ&Ea tﬁ%(ragnhggoy,ﬂc%@lé?i Crl{gég
capaci tance Cab is now placed. in series , wth capacitance Co |f b is
mioh | arger (HIBHCE Mbs ToBHagRaSNacN ethEG AR ChED Ssgdh (e SlectioahPRIn Fi g,
14), then the capacitance seen_at sense 20 plate 710 wll be approxi mately
Ca + Cb (or XfcontagtiAgor aontactBnal |y, assume that the socket 12 is faulty,
or is not properly coupled to both of nodes 714 and 712, such that opens
exi st in the el ectAitestl ofpthiehsirafit agseErhbly @3itaaend sbchetl1B.may cohtisue agth, t he
capaci tance seen at the sense plate 710 should be near zero. Thus, if

there issan apereqlehiid sthfftatidreaf theadtheohodds EsHHetdd 1 other test Brdddscul t to
assess whether there is also an open in the 22 electrical path of contact

|
B. However, sti m“lﬁg.in 98 fiisthads %etﬂbﬁ”?o E(?'r te%‘iiﬁ&i)%?ﬁﬁxugﬁad”fsel Blrical

di agnosi ng whet her open exists in the ele Ica contact A or

Wth 5 the SETRARHOR A REFUL PSRSBPY HETEL ABY Plolus SEONREERCHORS Eeher
test probes. Fig. 15 illustrates a nethod 1000 for testing continuity of
el ectrical pdg¥cashpbipphniguas: @s wellaseathieyslusilhg mathask 1@(893 commences
above-described test devices or techniques (as well as others). The nethod
1000 commencesith the coupling 1002 of a sense plate to a test facilitating shipping and
10 ‘handling cover mated to a socket. AItho'ugh, 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 thé 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 invéntion, other embodiments are also anticipated. For
20 example, fhe present testing techniques provide fpr testing the continuity of
the circuit assembly, thé 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. Thé 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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wi th 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 ohm ¢ contact. One or nore nodes of the

socket - are 6&%&% staiﬂcdtoggaqﬁegoan r‘?i' fbe tqﬂe%iraﬁiéafo?%gﬂ ngtcir];‘iai

nmeasur ed 100 via the sensor uple I'ppI ng a ng
cover. The 1s rrg ur ed Iectrl erIStlai hen co red Wt h at
| east one t MOS&R 80['}5’%?%%%@@,9 With intggn ICEEW Y@l s %pf‘?ﬂ% h the

circuit assenbly 1008. Wile parti cuI ar_ enbodi ments have been di scl osed
herein to il Ifadurerior tagfackingihemdoianpénted sircub@ssembhibodi nents are al so
anticipated. For 20 exanple, the present testing techniques provide for
testing the continithe yeadhindgse herginumayaatserbe yyusdchéo panfoamt othier ttbstssofc k et
and circuit assenbly, and the internal electrical continuity of the socket

wi t hout Havi %ck@tsr@*@mitté'%enmliésﬁwth ¥6cledts ibl@'si&saéiécthéaldédrﬂﬁiuﬂwﬁicrpf the
socket. The internal electrical continuity of the socket itself prior to

ttach tt
ot e e or ' asiefiilo BRacih twst.w%ei’%af@é%&@%ﬁi oS LB

t nbl d abl e f st ket
conpl ex sookdt SoulcRETaMGlY: FOMRrSRgamae, BT e spckd BB SBrERG &
failure prior to attaching themto a printed ci rcwt assenbly. The
t eachi ngs hers@icketsnaie ait@%\qsielm%@da@mpaateo@mmﬁh@m onethescieguit Fssesaii¥t s or

circuit assenblies with sockets besides electrical continuity, such as
det er mi ni ng dlsactheeeieadficad peeritinuity detwees rores fiean oine sackettorl aceiréuins on

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 scspe 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.
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a circuit assenbly conprising nore than one socket or determning if
sockets are attached in the appropriate orientation on the circuit
assenbly. Also, the electrical continuity between nore than one socket on
a circuit 10 assenbly may be tested sinultaneously using the teachings of
the present invention. Al of the ab?{/e i ing scenarios are within the
scope of these teachings and anticip I1&'6|®$the i nventor. Although this
preferred e i th ~esent invention has been disclosed for
illustrati vmm@g? M ?ell%'rski Iled in the art will appreciate that 15
various nodifications, additions and substitutions are possible, wthout
departing fromthe scope and spirit of the invention, resulting in

equi val ent enbodi nents that remain within the scope of the appended

clainms. The appende I inel ude such
vari ations, exceB‘gI ag%lk/ﬁir%rﬁaggé%}{)bﬁ?@ﬂﬁgﬁépg?? trﬁ%ﬁﬁ%ﬁﬁﬁ;@ 'S CLAI MED
IS: 1. A device fc%r test] na c%nti nuity of electrical .paths through an

i ntegrated ciMegraied GrRult sgeket ofia Q{guit aRseRRlYAFOMRIiY 'si ng: a shi ppi ng and
handl i ng cover, having a top side and a bottom side, configured to
renovably mat e wi tehshippingranshhandinggaveni havirzadep sfdetand aibottam sids,
assenbly; and a conductive |ayer on the bottom side of the shipping and
handl i ng cowanfiguteertei renidvabihmpie with dinel integidited gircuisockies of thef cicpuited t o
‘capacitively couple with electrical paths through the integrated circuit

socket of a GsseHibly; and
a conductive layer on the bottom side of the shipping and handling
cover, wherein the shipping and handling cover is configured to capacitively

couple with electrical paths through the integrated circuit socket of a circuit

assembly.
10
2. A device for testing continuity of electrical paths through an
integrated circuit socket of a circuit assembly, compriéing:
a shipping and handling cover, having a top side and a bottom side,
configured to removably mate with the integrated circuit socket of the circuit
15 assembly; and
a conductive layer on the bottom side of the shipping and handling
cover, wherein the shipping and handling cover is configured to capacitively
couple with a capacitive sense plate of a tester.
20 3. An apparatus for testing continuity of electrical paths through an

integrated circuit socket of a circuit assembly, comprising:
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assenbly. 10 2. A-device for testing continuity of electrical paths through
an integrated circuit socket of a circuit assenbly, conprising: a shipping
and handl i ng cover, having a top side and a bottom side, configured to
removably mate with the integrated circuit socket of the circuit

assenbly; and a can ve . a on the om side of.the hi in and
nandl 1 ny cover, hERLIARIRURLFip e AR HURG TG eB0Ed e 1B UEREa o
capacitively couple with a capaC|t|ve sense plate of a tester 20 3. An
apparatus f orm@t@swmQ the sprirtiang eapasitiely feuple uelestriadl pats thFPUgMt egr at ed
circuit socket of a circuit assenbly, conprising: 25 a test facilitating
shi ppi ng and doakel;i ng cover configured to renovably nate within the socket

and capacitively couple to electrical paths through socket; 25 a

capaci tpye sense pi eagacivy sansecslateocarifigaced to/Capaciively ouple withihet test
facilitating shipping and handling cover; and a tester configured to

stinul ate noqgémgrﬂn? di@;ir 4hd h%ﬁﬁﬁﬁ?h%}(&oﬁﬁaed to the electrical paths

t hrough the integrate U|t socC e circuit assenbly and neasure

The. capaci 1 ve st enroyred? TS oA R b SRy BRIPRRS

wherein the tester is_  further confjgured to conpare the neasured
el ectrical - crathe eladtrigal paths through the integrated circuit socket of the circuit

assembly and measure electrical characteristics of the integrated circuit

30 socket sensed by the capacitive sense plate.

4. An apparatus in accordance with claim 3, wherein the tester is
further configured to compare the measured electrical characteristic to at
least one threshold to assess continuities of electrical paths through the

35 integrated circuit socket of a circuit assembly.

5. A method for testing continuity of electrical paths through an
integrated circuit socket while a removably matable shipping and handli{ng
cover is removably inserted within the socket, comprising:

40 capacitively coupling contaets of the socket to a conductive layer of a
shipping and handling cover; |
coupling a capacitive sense plate to the removably matable shipping
and handling cover,;
stimulating one or more nodes of the socket;

45 measuring an electrical characteristic; and
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| east one threshold to assess continuities of electrical paths through the
35 integrated circuit socket of a circuit assenbly. 5. A nethod for testing
continuity of electrical paths through an integrated circuit socket while
a renmovably natabl e shipping and handling cover is renovably inserted

Wi thin the socket [is 40 capaci,t.ively couplin cts of the
socket to a conduc%qr\g;@é[) fgegrg{aaauregrﬁq%gpﬁ%l %&aﬁﬁﬁaﬁ'q ﬂ)ga@Se% 0n<?:oupl ing a
capacitive segfe pﬁate to the renpvably matabl e shlpplng and handl i ng

cover; stinult bieagnessroptingigies °6P|®H&%Béﬂ@t through thesagkehg - an

el ect [ cal characteristic; and 26 conparing the nmeasured el ectri cal
characteristic to at |l east one threshold to assess continuities of
el ectrical paths through the socket. 6. The nmethod of claim5, wherein the

measured el ectricad. Thé ntdthbdof eldirats, wheteihathaghéas\ired elactrical

50 characteristic is capacitance.
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