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CONNECTI ON VERI FI CATI ON TECHNI QUE BACKGROUND OF THE
I NVENTION 1. Field O The Invention The present

w0 pwetrdoon rel ates generally to el ectroni ¢ devPCEES2006/048891
such as nenory devices. Mrke particularly, the present
invention relates to a device and nethod for
efficiently testing interconnections of electronic
devices. 2. Description X The Related Art This
section is intended to introduce the reader to various
aspects of art that may be related to various aspects

e e
cl ai med bel S NIEE IR YRk TG A T Ak
hel pful in providing the reader wi th background
information to facilitate a better understandi ng of
t he vari ous aspeBACKGROUND OISEHE INVENTION.
Accordingly, it should be understood that these
statenments are to be read in this light, and not as
adm ssions of prior art. M croprocessor-controlled
1. ci r Eisld Of The Innemdlionn a Wi de variety of applications.
Such applications include personal conputers, contro
Sy stThapresée ephtioeraatygnkally andedrohizsievizks, @tidteds memory devices.
consuner products. A personal conputer or contro
Moy pareenlarhyG thedeesedaihivaitibneelaps e deicesina edisod for efficiently testing
m croprocessors, that handle different functions for
intdrbighnsytiRine BT elBytraiiiddvide8g t hese conponents, vari ous
consuner products and systens may be designed to neet
specific needs. Mcroprocessors are essentially
generic devices that performspecific functions under
2. t heDeghiptioh O TIROREMBIdEA Tt

This section is intended to introduce the reader to various aspects of art that niay be
related to various aspects of the present invention, which are described and/or claimed below.
This discussion is believed to be helpful in providing the reader with background information to
facilitate a better understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not as admissions of

prior art.

Microprocessor-controlled circuits are used in a wide variety of applications. Such
applications include personal computers, control systemé, telephone networks, and a host of other
consumer products. A personal computer or control system includes various components, such as
microprocessors, that handle different functions for the system. By combining these components,
various consumer products and systems may be designed to meet specific needs. Microprocessors
are essentially generic devices that perform specific functions under the control of software
programs. These software programs are generally stored in one or more memory devices that are

coupled to the microprocessor or other peripherals.
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prograns. These software prograns are generally stored
in one or nore nenory devices that are coupled to the
wor@ropmoocessor or ot her peripheral s. Sem conduR€DUS2006/048891
menory devi ces, such as dymam c random access nenory
(DRAM devices, are widely used for storing data in
systens such as conputer systens. These nenory devi ces
are generally coupled to a substrate, such as a
printed circuit board (PCB), by enploying a surface
nmounti ng technique (SMI). Fine pitch surface nount
(FPT), pin grid array (PG, and ball grid array (BGA)
are exanpl es of | eading surface nount technologies As

i1l b [ d, BGA hnol f.f
é“dvéwgaiaﬁ%€§%%t&%ﬁegwas ek 23 ﬁ%&ﬁ%ﬁx FRESR BT Fafy ORAM)
ted a

devfieh e A BREET g % b B SeeTe e o Fuid . ssg memory
devRigh e A e RS bR o 29 008 TR LSy emploing
S“‘%Q%‘%&@éﬁ%g&?“?@ﬁﬁ) qﬁ%ﬁ%ﬁ <o praoh e goren s gres (P04 bl
i Hpn B ?éareo%}%ﬁ o greiag GFbermpus s AmIPEeD 4 il be sppreciate,
BGZ\etg%ﬁ- ofiPrsireia) afvanparaner it and e, SgtHne s g i

acka eneral |y includes a sem condyctor chj
acvhRiigRean B e Segbied cormlensy ool e SHige DEBrAre AP B%gﬁ%@d placement
ectrically coupled to the substrate by bond wres.
P’O%@Ssrﬁﬂ)‘é‘ﬂ’ RSt RBHPE PrRYlettsn Erdged handling drmgesmakier gizpidiger electrical
the S|g s to pass fromthe sem conductor chip.on the
rmane e Rr Rakres yisdd: baites board aSSF@b!ydﬁﬂédvzlzfﬁ interconnect
ads on a lower portion of the substrate. plurality
denalffy e&"eréarye'blawrc@n%%oweﬁe&lwﬂmém‘aer of wppts ?&%P‘Ft?“té &l getfn footprint;
fo the connectiqgn pads on_the backside of the
casieq, edensigndo pthehip odulss and fster dengcio-rrefurstiopgyslertigpe.
el ectrically connecting the substrate to a PCB or
ot her external device. Once the BGA package is secured

to a_PCB or_ other , . )
A BGA semiconductor package generally includes a semiconductor chip mounted to a

substrate. The semiconductor chip may be electrically coupled to the substrate by bond wires. The
substrate contains conductive routing which allows the signals to pass from the semiconductor chip
on the substrate, through the substrate, and to connection pads on a lower portion of the substrate.
A plurality of solder balls are deposited and electrically coupled to the connection pads on the
backside of the substrate to be used as input/output terminals for electrically connecting the
substrate to a PCB or other external device. Once the BGA package is secured to a PCB or other
device, however, the package itself obscures the connections between the package and the PCB or
device, which increases the difficulty associated with identifying soldering faults, such as electrical

shorts and opens, and generally verifying that the package is properly connected.
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devi ce, however, the package itself obscures the

connecti ons between the package and the PCB or devi ce,
wokioci74oner eases the difficulty associ ated w tPCT/US2006/048891

i dentifying soldering fault¥, such as electrica

shorts and opens, and generally verifying that the

package is properly connected. Wil e various x-ray

machi nes and speci al m croscopes have been devel oped

in an attenpt to overcone sone of these difficulties,

it will be appreciated that these solutions are

B T RN AT T Y LT R —
o e R NES s ST B HR8A &Beomict o
L T M IE STT A

RIS S AR L

t herefore, for dev j ces and net hods t hat faC|I|tgﬁ .
Qe RRET B 14y disrsizss 5 R CERUBYIRE AR] AL IpRactiaptine to higher speed
connectjon pads of two substrates, such as substrate
VO frurther; THAGy flofs@gt SPPItiesting|of e§riaie (AmRectiont suchsemowetdground
is a further need for devices and net hods that enable
conggtiini-est i ng wi t hout increasing the die size or
affecting the operation of the.l/C devices. SUMVARY OF
THE | NVENTI ON Certai n aspects commensurate in scope
wWth the originally clained invention are setg%11
bel BRfre isi2 rseﬁ%alpeae a@ fon Bices aRimethgds hptdacilitge stliqient igsting of all
presented nerely provide the reader with a brie éﬁﬂ
mtes«tﬂﬁ*n%ﬁtynfo\vetwsmcsww Pads ohvq sbetissotichphiubstgye obangntegrated
that these aspects are not intended to I|n1t t he scope

cireyft (Y Rkdqvireeand p 8 B- IThgredtia urther naqq &ndeviresag ﬁﬁ’&&s’able such

a variety of aspects that _may not be set_ forth bel ow
testing without increasing the die size or affecting the operation of the I/C devices.

SUMMARY OF THE INVENTION
Certain aspects commensurate in scope with the originally claimed invention are set forth
below. It should be understood that these aspects are presented merely to provide the reader with
a brief summary of certain forms the invention might take and that these aspects are not intended
to limit the scope of the invention. Indeed, the invention may encompass a variety of aspects that

may not be set forth below.‘

Embodiments of the present invention are generally related to testing the interconnections
between an I/C device and a mounting surface. In some embodiments, a connection pad of a
memory device is electrically coupled via a test path to at least one other connection pad of the

device to establish a temporary current path to facilitate testing. In other embodiments, a



10

15

20

Enbodi ments of the present invention are generally
related to testing the interconnections between an |I/C
waelewrozoacd a nmounti ng surface. In sone enbodi PENUS2006€048891

connection pad of a nmenory 4device is electrically
coupled via a test path to at |east one other
connection pad of the device to establish a tenporary
current path to facilitate testing. In other

enbodi nents, aconnection pad of a printed circuit
board is simlarly coupled to at | east one other

corf R ol OF o Bk RlerrblPbGd Rty R iute Ty SUBEHRRE Gher connection pad
or 6 BlCult RaRE T+ GBS S o ool et PR i erubeplafea to verty
propeii SRS RUR sk SBBRET B, DRed SR GH ey Gulletg, the test path
nbodi ts, he, tly .di l, d techni
berR PR AP OBAARLA Pe GistTed 02y Pl SRR B ARRIGfiige memory
inted cir

iz i QE P ROHIEEG P PG ARelostt e et A oth it verification

Rl EF DESCRI PTI ON OF THE DRAW NGS Advant ages o he -
of ‘g‘ﬁ QWF‘bVﬁWrP&?EB‘éE‘BﬁE“%YBﬁHH‘PE}ﬂnS o ﬁﬂ?tsiavﬂﬁt ‘B%é‘I whet mounted 10 a
%oll&&dgﬁ detaiéed description and upon reference to
surfage ofthe GIreEb9akd-whi ch: FIG 1 illustrates a bl ock
di agram of an exenpl ary processor-based device in
accordance wi th enbodi nents of the present invention;
FIG 2 illustrates an exenplary nenory array; FIG 3
is a partial perspective view of an exenplary nenory
devi ce having nult] i)st age coneti on ds in
Ao AN : 2 R RAAN )

accordance w tHomre e+ S
i nvention; F 4 is a partial elevational view t he .
rrenﬁ%’ﬂ%? e tﬁéf“"ﬁ!‘@“ @?ﬁ;“é\"ms apparegntupgn bqag}wg\;beeﬂlawmg detailed
1 exenplary nulti-stage cpnnecthqg pad and sol der
desgriptronpnd nipon reference to the'drawings in which:

FIG. 1 illustrates a block diagram of an exemplary processor-based device in accordance

with embodiments of the present invention;

FIG. 2 illustrates an exemplary memory array;

FIG. 3 is a partial perspective view of an exemplary memory device having multi-stage

connection pads in accordance with one embodiment of the present invention;

FIG. 4 is a partial elevational view of the memory device of FIG. 3;
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menory device or printed circuit board in accordance
Wi th certain enbodi nents of the present invention;
wWo-k@7/0®00e an el evati onal view of connecti on pRABUSIV6/648891
sol der ball of an exenplary’ system prior to processing
the systemin a reflow oven in accordance with one
enbodi nent of the present invention; FIG 7 is an
el evation view of the connection pads and sol der ball
of FIG 6 follow ng processing of these conponents in
a refl ow oven in accordance with one enbodi nent of the
Blr Ef‘g?ts 1§ QY(fp og\:']ll’g\évﬁfe 8 nlaél ngxlxlg%fa\élg?:ér/)v%r?afggoa%ﬂad and solder ball of a
ry._confi yratj on for electri.cally. .
mefoPitRy B e B0isy SREt b eier SRR A s Yinprolispapts of the prosent
continuity testing in accordance wth exenplary
InvaReBeli nents of the present invention: FIG 9 is an
alternative configuration for the interconnections
bet ween the connection pads of FIG 8; and FIG 10

illystrates ex | ary intercaonnections b en arlous
con*@bt‘sﬂ%ﬁ“ f}ﬁ\‘fgngi’lnv "E’JBPﬁ‘ﬁmﬁﬁW&Pa@ ‘%ﬁfﬁ\/\% a’h‘ﬁ‘&mpla"y system
round connecti on ads t hat enabl e cont,i nwty test ng
pri etP\Ré‘lé’ﬁss&%ﬁ%E){sf%‘h gLoMPvER BIACY] @&emlhm&r?@’b“‘mem of the
enbodi nent of the present i nvent i on. DETAI LED
PrepRpbEEI"oN OF SPECI FI C EMBODI MENTS One or nore
speci fic enbodi nents of the present invention will be
descri bed below. In an effort to provi de a conci se

des ion of these e g;%odi ment s, at ur.es
ﬁféﬁ ﬁaw FlpYatioRieyy phihe gprae Bé %q%detrr%éﬂ o fits. 3 tollowing
eC|f| ation. It shoul d be appreciated that in th
proc ssing of these components in a reflow oven in accordance with one embodlment of the

present invention;

FIG. 8 is a plan view of a plurality of connection pads and illustrates an exemplary
configuration for electrically interconnecting the connection pads to facilitate continuity testing in

accordance with exemplary embodiments of the present invention;

FIG. 9 is an alternative configuration for the interconnections between the connection

pads of FIG. §; and

FIG. 10 illustrates exemplary interconnections between various connection pads,

including power connection pads and ground connection pads, that enable continuity testing

. between connection pads in accordance with one embodiment of the present invention.
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devel opnent of any such actual inplenentation, as in
any engi neering or design project, nunerous

WO pq7enmné at i on- speci fi c deci sions nust be nmadeCT/0S2006/048891
achi eve the devel opers’' specific goals, such as
conpliance wwth systemrel ated and busi ness-rel at ed
constraints, which nmay vary fromone inplenmentation to
anot her. Moreover, it should be appreciated that such
a devel opnment effort m ght be conplex and tine
consuning, but would neverthel ess be a routine

undert akl [ | |
for t hos (ﬁ‘ i 8 DI@&&&I S
osure.

ol oPR B BB eaRr e OGP h e et URTGNRE A PR geseribed below. In
an g ﬂ’e&tﬁi% 6B SRR IPURS SHIE T REFIB: RHLG A of oa actual
iR YL e B R one sheg igeermyt geold brabpit g jpte
dev<s=f°h P oGP i RS gbincy SHR DS e o Appgerciect,

devi ce, rocessor ﬁ such as a mcro

nurgerous B‘i‘@e’f] ata)ﬁespgqnﬁ ecd?xo%%,tgll% e frrﬁaﬁe iq b e?hf Jevelopers specific
Sts. e system 10 nclude a r supply
30%%6 gm?ﬁyvg@ sasts@r&g@iﬂwbi}aw%f?lééﬁ Q?F"A@tﬁaé‘i]k&h may vary

f V
rofy iﬁé@m%éeﬁom%&%éoﬁi‘é?%%% e BEESEe f5 avtpme
dependi on the functions that the syste . )
etioré i e Complex é&%\ﬂﬁ‘r’ EOnsIming, ﬁ?tit weg| .ne‘éer%bs{nﬁsa'gﬁ feputine undertaking of
desfe e %‘%ﬁ‘éo%i,t e Q‘}i%irg‘%aré% 8@3&% V1 pAPaE the Boneis of this
interface and may i ncl ude buttons swi tches, a
disglesiB®ard, a |ight pen, a nouse, a digitizer, a voi ce
recognition system or any of nunber of - -other input
devi ces. An audi o or video display 18 may al so be

cou%Ied to the processor 12t
urning now to the drawings, FIG. 1 1s a block diagram of an electronic system

containing integrated circuit devices that may employ embodiments of the present invention. The
electronic device or system, which is generally referred to by the reference numeral 10, may be
any of a variety of types such as a computer, pager, cellular phone, personal organizer, or the like,
In a typical processor-based device, a processor 12, such as a microprocessor, controls the

operation of system functions and requests.

The system 10 may include a power supply 14, which may comprise a battery or batteries,
an AC power adapter, or a DC power adapter, for instance. Various other devices may be
coupled to the processor 12 depending on the functions that the system 10 performs. For
example, an input device 16 may be coupled to the processor 12 to receive input from a user.

The input device 16 may comprise a user interface and may include buttons, switches, a

keyboard, a'light pen, 2 mouse, a digitizer, a voice recognition system, or-any.of a number of .. - .-
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provide information to the user. The display 18 may
i nclude an LCD di splay, a CRT5LEDs, or an audio
wale@plozapps f or exanpl e. An RF sub- syst em basebaPdI/US2006/048891
processor 20 may be coupled’to the processor 12 to
provi de w rel ess conmuni cation capability. The RF
subsyst enf baseband processor 20 nmay include an antenna
that is coupled to an RF receiver and to an RF
transmtter (not shown). Furthernore, a comuni cations
port 22 may be adapted to provide a communication

othéﬂhﬁt;dgggteé? %@?‘2@0 éﬂ%de?clhc%gptﬂge)? %@}S{ éfég E&(ﬁtg)éﬁ:%}g lﬁ%gfocessor 12to
kBB R e A0S0 0 B B v s o
YPES of ,menory devices to facilitate its

on 400 et 8 eltipl o, (e processor 12 my e

connected to nenory 26, which may include volatile
menory, non-volatile nmenory, or both. The volatile

[ %2 ry 2 rj.se varle nory .
Lygen! ssaeﬁygméﬁfﬁgr‘%? o 20 ctnas GruRGR o (e sFoRRIepY 12 to provide
o SR T e RN S e
B i i
con‘HEWBF 10?13 %l gg ta?r}eipg L)yﬁécﬁﬁﬁ?%,gg gqmr@%l?rlét;%f{?gﬁgteggcleybetween the
ti onal n-vol atil e_nmenor i,ncl ude a
C‘e‘ﬂﬁ%}w %atﬁ'alc‘: is %}ldﬁé%?vr%h%wcsg“ aTheprrmFraffeioe mey include a docking
ry. rocessor % and the nenory 26 nmay enpl oy
Statlf’ﬁ’ee’ﬁ%“ﬁﬁ? Eaf Rt SGP=EE PR Eonponent s. Al so, the
processor 12 and the nenory 26 are exanpl es of
integrated circuit conponents that may include sense

anph-lnefpiorce)éessor 12 may be coupled to various types of memory devices to facilitate its
operation. For example, the processor 12 may be connected to memory 26, which may include
volatile memory, non-volatile memory, or both. The volatile memory of memory 26 may
comprise a variety of memory types, such as static random access memory (“SRAM”), dynamic
random access memory (“DRAM?”), first, second, or third generation Double Data Rate memory
(“DDR1”, “DDR2”, or “DDR3”, respectively), or the like. The non-volatile memory may
comprise various types of memory such as electrically programmable read only memory
(*EPROM?”) or flash memory, for example. Additionally, the non-volatile memory may include a
high-capacity memory such as a tape or disk drive memory. The processor 12 and the memory
26 may employ one or more integrated circuit components. Also, the processor 12 and the
memory 26 are examples of integrated circuit components that may include sense amplifier

circuits constructed in accordance with embodiments of the present invention,
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circuits constructed in accordance with enbodi nents of

the present invention.ln sone enbodi nents, nenory 26
worey7ionebaide a nmulti-chip nenory array, as il |PGI/D81006048891

in FIG 2. In this arrangement, a nmenory controller 3

1 is coupled to a plurality of nmenory devices 33. The

menory controller 3 1 and the nenory devices 33 are

surface nounted in a planar fashion on the sane

substrate 35, such as a printed circuit board. As

noted below, the mermory devices 33 and the substrate

35 [ d hs
2 S RS R e s
to.th bst r.at d .
in Ptlﬁ' 2ot esena?r ? é ér%’t qaue‘fé,ﬁc’“%I i ﬁtgolfeﬁélr?bsrcéogg%?%g%ﬂwﬁ%g@memory
nbe
R S e R i e
plaps pfiigy! g %P?*%e %@gt'ﬁ'%é?%m #i4 %ﬂi\?eﬂf Gty ASnored'below, the
| | ustr at th
o Sl e S oPLEFSUh  e
S d b ted that oth nbodi
Sy PSR SR IR Ren of M LRy H O b R 35 accordance.
g r3¥s and flne pitch ball grid arrays (FBGA), in ful
with the FreSRUECRIEAYSSt he present techni ques. |ndeed, though

reference is nmade to an exenplary nenory device 38, it
wi |l be appreciated that the present techniques nay

glt f]&hqe H%?P\%gaat%%%g HEW P& g\éf?e )élg‘}?pwgglﬂg gcg'(tl IB!?IHEE\E{I'\A of various electronic
oni ¢ dev| thefgresent lustrat.ed

devg%%%irf@m“ Iy g %t:ﬁ?‘%“‘%‘&@ éps%wi':%m&l@%mg ‘asnfﬂweamcw a memory
0
dexfery ”suski&?%beéseﬁrsﬁf g?%y Ber ﬁgf?%%%@? iR, 8880 3. afidfedpegpresenty

d_a ba reciate

illumx%p Iéﬁf\ﬁ):‘ac%arged% ggta% gtbAﬁ gagmyay FSBa(?X) it should %e noteg t}?aq: other

embodiments may use other BGA technologies, including non-stacked arrays and fine-pitch ball
grid arrays (FBGA), in full accordance with the present techniques. Indeed, though reference is
made to an exemplary memory device 38, it will be appreciated that the present techniques may
also be advantageously employed in connection with other, non-BGA memory devices, as well as

other electronic devices.

In the presently illustrated embodiment, the memory device 38 includes a plurality of
substrates 40 that may be stacked on top of each other. Each exemplary substrate 40 includes a
die side 42 and a ball side 43. As will be appreciated, one or more chips or dies (not shown),
such as memory chips or microprocessor chips, for example, may be mounted to the die side 42
of the substrate 40. It will be further apbreciated that such chips may be fully encapsulated,

partially encapsulated, or bare, depending upon the specific application intended for the memory
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such as nenory chips or m croprocessor chips, for

exanpl e, may be nounted to the die side 42 of the
waaiwsoraoe 40. It will be further appreciated PCRUSEOEMS891

chips may be fully encapsul@ated, partially

encapsul ated, or bare, depending upon the specific

application intended for the nenorydevice 38. In

certain enbodi nents, the die side 42 may al so contain

alignment features 44 to facilitate stacking and

assenbly of the nenDry device 38. The bal | sides 43 of

de l, d
ool BErEHEERl S N o Emlf e e s ae
h h t t
il aglnga?ﬁsfsg‘Eg@r?fg{Fg‘B?’P%‘%/’@%Zﬁo S col der bal |'s 50

may be used for adhesion, as well as electrical
conductivity. Sol der ball's 50 may al so facilitate

°°“ﬁbgF%gfleest%ue"ﬁ SleiFy e Belol OBl pa%e sepremated the
so@sw}“f i ticnly seviedia hshih ool rrﬁé%%kgﬁt WAhered) of each
R, 5 N TR Gy o comrci
soff5 bl D Grp et SeRie %%v'g%% Tttt ‘pegniss f’orpgads ofa
sl 56 G PEBAREDH BT IAE A8, 1 as”%ai@ép%e"%n%éef ihbe
onbi nat.i on t hereof, nmay ing¢clude

apﬁrﬁflfﬂieis*%%wgﬂﬁ allewoseq cwa%uaﬁaﬁlﬁn ReF P the meton dyice 38 and
the multi-stage

. In subset, of such e nts
i sepr FRer R HAOHEYC At 5@ «balt ?‘i‘?@eﬂ“de“%l’f’sitlﬂﬁ‘é between
conductive %ﬁdg@n an outer conductiye pad positioned

lovs GARNSHTRP HBPSE GPPReEHioTRAGS 48 ShENSSEPYEtes 48 and BER 52.

that the inner and outer conductive pads are
electrically isolated fromone another. As discussed
in gﬁeater detai |l bel ow, solder balls may be coupl ed

dischised belpwaincertaia mbadiments. spracanalinfithe hwr gRunection pads 46,

rovi ded
thepupper connection pads 48, or some combination thereof, may include multi-stage connection

pads having multiple conductive pads. In a subset of such embodiments, the multi-stage
connection pads may be configured to include an inner conductive pad and an outer conductive
pad positioned about some of or the entire inner conductive pad, such that the inner and outer
conductive pads are electrically isolated from one another. As discussed in greater detail below,
solder balls may be coupled to the inner conductive pads and a test path may be provided
between a pair of outer conductive pads. When the solder balls adjacent the connection pads are
heated, these solder balls may deform and make electrical contact with the outer conductive pad
in addition to the inner conductive pad. In such a case, an electrical pathway is thus established
from ~one solder ball to another via the outer conductive pads and the test path. As discussed

below a continuity test may then be employed to verify proper upper and lower connections of

, the solder balls to respective surfaces As will be appreciated, given proper alignment before ..
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between a pair of outer conductive pads. Wen the
sol der balls adjacent the connection pads are heated,
wo b@so7®0é der bal ls may def orm and nake el ect r PCHIUS2006/048891
contact with the outer cond@ctive pad in addition to
the inner conductive pad. In such a case, an
el ectrical pathway is thus established from one sol der
ball to another via the outer conductive pads and the
test path. As discussed below, a continuity test may
then be enployed to verify proper upper and | ower
cti der ectiv

hea‘%i%?,?tge gontl i\stfl) E)f lithF p%f%quom one ?ok%eégal? td aHOMEE Via't & outer conductive pads

rec 1'ven prope

w:l?{)é enoenaélgr S], ocf %ae at | cpegu%‘tﬁ Sféﬁ q:ﬁogrli%c& Ehg Fgldgrabaqs to the inner

comP@@&Ft'Ve pads MA|| be general |y |nd|cat|ve of an

3 &fe ‘el ectrical connection of the solder balls to
the i nner conductive pads. Certain additional details
may be better understood through t he present

R ] T
R BB s R SRR
oS5 . P PSS R A g
e B ARS8 B P L 0 e
SRR PR S o S
e

pads 46 on the circuit board 52 and upper connection
pads 48 | ocated on the underside of a substrate 40, as

RS i e S R S o
arr%gzgxgt: Irgwgfbﬁgip ggoﬁé}%, ?Sogcl?erﬂaalns %Oa are ah gne gtr\]z\t/ereil ?6wer connection pads
46 on the circuit board 52 and upper connection pads 48 located on the underside of a substrate
40, as illustrated in FIG. 6. In the present embodiment, the inner and outer conductive pads 58
and 60 of upper connection pad 48 are substantially concentric. However, other geometric

designs are also envisaged in accordance with the present techniques.

When first aligned, a solder ball 50 may contact a lower connection pad 46 and the inner
conductive pad 58 of a corresponding upper connection pad 48, without contacting the outer
conductive pad 60, such as provided in the illustration of FIG. 6. In order to securely couple the
memory device 38 to the PCB 52, the assembly may be heated in a number of manners, such as
processing the assembly through a reflow oven. Sufficient heat will cause the solder balls 50 to

begin melting, thereby securing the memory device 38 to the PCB 52 via the solder balls 50. As

- will be apéréciated, a hi.gh temperature solder paste may be applied to the connection pads. 46 of: -
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designs are al so envisaged in accordance with the

present techni ques. When first aligned, a sol der bal
wGomaypoeont act a | ower connection pad 46 and POEUSINEH48891

conductive pad 58 of a cornéspondi ng upper connection

pad 48, w thout contacting the outer conductive pad

60, such as provided in the illustration of FIG 6. In

order to securely couple the nenory device 38 to the

PCB 52, the assenbly may be heated in a nunber of

manners, such as processing the assenbly through a

o< 50 U AT Bl B0 R o
heaﬁﬁg k)&f)éggég F:;%S?}él% Pogctif §§“553$ %1 O| dﬁ§ ggg%? %cf mﬁlées?ogtact with outer
corfiBiRARAIALRL {rBel Ak %@g 364 ﬁgﬁ; P@% Spisd il 7, 0 2

respect to the PCB 52 prior to the heating process. As
the solder balls 50 nelt, the solder balls deform and

R A R B o
R -
e e i T —
U T ——
B N T
= sy T R o8 RS B ey Gabession oty yri be sppreciated
B i e P ——

I [ d nt th ent
the prestiR EERRRoY e B ieS P CmEEpp Reg s %%%‘E}a@gr of multiple

havi ng any nunber of nultiple nenbers.
members.

In the embodiment illustrated in FIG. 8, the connection pads for Balls 1-10 are connected
in pairs via test paths 66. As generally discussed below, the test paths 66 are configured to be
selectively interrupted such that a current carrying path may be established between two
connection pads during a testing phase, and then interrupted upon completion of such testing to
avoid interfering with normal operation of the device. The test paths 66 may be internal or
external to a substrate 40 or the PCB 52. Once the assembly is properly heated to secure the
memory device 38 to the PCB 52, each of the solder balls 50 electrically couples the respective
inner and outer conductive pads 58 and 60 to one another. Further, a test path 66 connects each

connection pad with at least one other connection pad.
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In the enbodinment illustrated in FIG 8, the
connection pads for Balls 1-10 are connected in pairs

WO 2@70e806 pat hs 66. As general ly di scussed bel peq/Us1066/048891
test paths 66 are configurdd to be selectively
interrupted such that a current carrying path may be
est abl i shed between two connecti on pads during a
testing phase, and then interrupted upon conpl etion of
such testing to avoid interfering with nornma
operation of the device. The test paths 66 may be

intgrpnal or external to substrate 40 or_the PCB 52. i
onc &/ RucA pETEge echfea et i s Soider e g SSiauctive pads,
yory, device 38.to e PCB 52, each of . the sol der )

a oRLY S5CRPE B ity DR 8 Fhm 0TSk er bevRHHEF capctive pads
out er,. conducti ve 58 60 to, one anot her.

corfegpandate, o %ﬂflels%ndgﬁa?ﬂi SEveR ﬂ@&f sglserbadisrhdees PigRerfyprnected to
wth at | east one_other connegtion pad. Wth such a . .

both HheruPFTR A MLIF P S SRS BT B PERTSg PH 8roe o als testing
and conductive pads, a continuity test may be

appREISHF R ePBReeCkse Asiihbrrecitieh itgechel Helbd 4@ are properly
conductive pads corresponding.to Ball 1 and Ball 2, to

conpgsied betyvReh the pape gnd kwep §pnscion pads. the sistange bywWeracthesg two balls
to both the substrate 40 and the PCB 52. Such testinqJ

woplg\pe substrtially aera obips o CRRYFSY- Haneor batiqf tpse pplsrha pat been properly
or in sonme other fashion. As wll be appreciated, if

congggter bFtweel) prpen anghlgwsr eanaeqtion pads. (hecoRHmE dest pumltbispeal 2
t he upper and | ower connection pads, the resistance =

S“"E’ét‘%?ég’ﬂ“glh@ﬁ’étaﬂ%b%‘dﬁnsth% Ve balds, iluediis indicatiysofagrqpen circuit
ohms. Conversely, if one or both of these balls has

resyigpe Bedrp msprdionyaikue plae of bebrofidsrroldsp ballsa mfditinpally, although
connection pads, the continuity test would reveal a

somq gyahosinends May pclipdeneltistags cenisetioorads imwhish oykst pepiduetive pads of
which is indicative of an open circuit resulting from

tworcppeatien PréTpynbe eleeirieallysaupled. st kmbpdipieatsgeayrseploy single-stage
bal | s. Additionally, although some enbodi ments may

connpgiiopgradsibat are glegiisalbormaeditdin caeltetherfoppichiesng &y full accordance

conductive pads of
with the present techniques.

While Balls 1-10 are interconnected in pairs in FIG. 8, other configurations and
arrangements may be used in accordance with the present techniques, such as the configuration
illustrated in FIG. 9. Particularly, one connection pad, such as that for Ball 1, may be
independently connected to a plurality of other balls via test paths 66, such as to Balls 2, 8, 9, and
10. As noted above, a continuity test may be performed between each pair or combinations of
interconnected connection pads and solder balls to determine whether there is an open solder

joint or a proper solder connection of each ball of the tested pair.

It should also be noted that such continuity testing may be performed between a pair of

connection pads irrespective of the intended funétion of the pads. Particularly; the above:
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' d 10. As
o] PUPRRE BB OB o Pﬁeatﬁf Pt it

two connection pads may be electrically coupled, other
enbodi nents may enpl oy singl e-stage connecti on pads

wo bat/ozgoes el ectrically connected to each ot herPré¢DUSEOEMS891
testing in full accordanceldth the present
techniques. Wiile Balls 1-10 are interconnected in
pairs in FIG 8, other configurations and arrangenents
may be used in accordance with the present techniques,
such as the configuration illustrated in FIG 9.
Particularly, one connection pad, such as that for

e T BATRSHET B IS A s
L nul ¢ ﬁ t}g:?c}evme dur?ng normal

i nt er connect onnecti on der alls to
OPIRHBr 11 st aﬂﬁ% AT ARy BT O?t‘whta e ‘H%P )?. 58 PE3hs G5 onoe the
rq e sol de conn ctlon of each ball of the tested
devics et“ ‘E‘ﬁ%f[nl 4 HHILBe pRPTGRAy V't“l‘f’éds cgmtle’bﬁﬁqsﬁ%ﬂﬂ? provided to
estl may, be perforned t wee of . connecti on
fultalh specy rfé%is@ef i For ipftanogeasit ﬁt‘sé'ﬁtf dnf Eﬁ?rcltq ¥#iQys pagigmay include power
pads. Particul arl t he abovet echni ques may be used t
°°‘1“é%‘t°nfpéfis ¥ %-rgf%‘i“}“%:/‘i?i“f‘%ctlﬁf‘ pads Yher adgzgsrine gagsA @ ard ﬁba@fa connection
connectjon pads, ground connection pads, or_both. In
padé R} andPQY.And ungeraeried padsdNGy tp Ramp dusade vk eln Ypigg configuration, all
normal operation, the test paths 66 are configured t
of thg ppyericanpectipr Rads Yol By bhernnedted fpanatepnl Brver RIS and the ground
devi ce has been tested. As will be appreciated,
conpsetiog pads ¥BaY Porrnraered e/ intsenad srarnd @pngo ful il |
speci fic functions. For instance, as illustrated in
FIG 10, various pads may include power connection
pads Vdd, ground connection pads Vss, addressing pads
AQa'ﬁlaropgh thg Rregerthidiasdesed ,tpcb@ﬂgesdr?w%a thdea [epinections of solder
unconnected pads NC, to nane just a few. In a typica
ballstp ghesapads rmaya:re| tegipd bwob'éwgra ey RABRS Rshvgsagse v&ﬁ*ese connection

may be connected to an internal power plane and the
pad§agd aae other connection pad that serves a different function. For instance, a power supply

connection pad may be coupled to an addressing connection pad, a ground connection pad may
be coupled to a data connection pad, or a power connection pad may be coupled to a ground
connection pad to facilitate continuity testing in accordance with the techniques described above.
Through these techniques, the power and ground connection pads may be simply tested to verify

proper connection of these pads to an opposing substrate.

While electrical test paths 66 are useful in testing the solder connections and detecting
any open circuits, it will be appreciated that these test paths 66, if left operable, would interfere
with operation of a memory device 38. Accordingly, the electrical connection between the
various pads provided by electrical test paths 66 may be disabled or disconnected following the

continuity tests. In some embodiments, the test paths 66 are configured to open upon application

~of poWer_éxce‘edi‘ng;a certain threshold,';.,operating'Similar to-a fuse. Consequently; in these
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connection pads Vss may be connected to a interna
ground pl ane. Through the presently discl osed
wo ewhnigoes, however, the sol der connecti ons oPCHUBZIE6/048891
balls 50 to these pads may e tested by providing a
test path 66 between one of these connection pads and
one ot her connection pad that serves a different
function. For instance, a power supply connection pad
may be coupled to an addressing connection pad, a
ground connection pad may be coupled to a data
nection

emBRAFE 8 BRp gl el Bin an Said (O PrPad cPHegten with othercrcuity,
Sucgigagtgpﬁr)}ﬁ d@{%%?;tgcw o aﬁ’ [ aggﬁg%%%@ghe ﬂ%%&gﬁ’am 66 to sever
the@%ﬁﬂﬂv‘%%?%}s%%g%ﬁ‘ﬁ% 'ég{l}regﬁg%?a i h%fg@ obigh i s Ertge 40 or PCB
52 ﬁ%vqﬁ’éétachﬁt tiies G FaEebih Ades' Sielihe I BpHg Tamypble ordiabl

wi || be, appreciated that these test
tesb%ﬂr? gichiop slv@raﬁl ipesietsrister Rt same,pther MaPReTy 1 h
operation of a nmenory device 38. Accordingly, the
el ectrical connection between the various pads
proghged b elect%ical test paths 66 nay be disabl ed
%‘tﬁ}i'ﬁ eyt P SI68\M1?¥gbet‘ﬁEd @S RPtEd G'P‘?‘S‘F todggt propepconnection
me _enbodi nents, the test paths 66 are conflgured to
betzy,s@htha eRneSiRsiPads kgt wolﬁmé%l S@xthewrpay glsa Pryidegther Runctionality.
t hreshol d, operatln% simlar to a fuse. Consequently
For instange @Egehpas 68 5pul bGﬁ&f‘é"t"ﬁléy RO a@w gigcuitay %\éﬂﬁd to activate
h‘d for proper connegtion with other circuitry
Spegﬁi natgo'ﬁﬁéﬁﬁ&m%mye \Arg gnlyenghied g@éﬂ%‘pwrws reflow of
ied to the test paths 66 to sever these
theéeh’ﬁé&lhs(éﬂs FRgherewish f41get Padsrontq Rerispd trsdetqch hﬁﬁtﬁ‘érthat could damage
embodj nents, the _substrate 40 or PCB 52 havi ng such
parseafia dexicq §Sselabl¥a9n iy agcrEnbedingtdhe sireef tbe PYi&E canguftive path could
befcserate to enable or disable test paths 6 such as

pesertrch thepaly paglder Rall Hhat sxpeedsda C@f%l%hr?féﬁwetﬁmperatm would make

contact with this pad. Additionally, while some embodiments above have been described with
multi-stage connection pad including a pair of connection pads, it should also be noted that
additional pads may be utilized. For instance, in some embodiments, a third conductive pad may
be disposed adjacent or about the other conductive pads to provide added functionality or detect

excessive heating, as described above.

While the invention may be susceptible to various modifications and alternative forms,
specific embodiments have been shown by way of example in the drawings and have been
described in detail herein. However, it should be understood that the invention is not intended to
be limitéd to the particular forms disclosed. Rather, the invention is to cover all modifications,

equivalents, and alternatives falling within the spirit and scope of the invention as defined by the

-~ followin g-appended claims
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Al t hough the target pads 60 may be used, as noted
above, to test proper connection between the

we@oemnietwodons pads about a sol der ball 50, theyPOHYSHNG®48891

provi de ot her functionality$ For instance, target pads
60 could be electrically coupled to other circuitry
and used to activate special functions of a nenory
device that are only enabled during a high tenperature
refl ow of the solder balls 50. Further, such target
pads coul d be used to detect heating that coul d damage
parts of a device assenbly. ch an enbodi nent, the
size of the outer conducti@giggag coul d be adjusted
such that only a solder ball that exceeded a certain
threshol d tenperature woul d nake contact with this
pad. Additionally, while sone enbodi nents above have
been dest michey ddvide combtisingt age connecti on pad
including a pair of connection pads, it should also be
not ed thatbqg i.tional pads may be utilized. For

i nst ance® P &Bne enbodi nents, a third conductive pad
may be di sposed adj acent or about the other conductive
pads to pfisvéonaecticnlpall dndracecandabntegtiay padepupled to the substrate, the first
excessi ve heating, as described above. While the

i nvadtsecond waynebigorepads epifigoied t¢ Mcilitate demrigab corhinuaicatiomdetween the
and alternative fornms, specific enbodi nents have been
shomembiy desige aiid exxeaugd kizcuitmy;tahé dr awi ngs and have been
descri bed in detail herein However, it should be

underst o gst pE co}l}ﬂc%nﬁ Q&nieét dd?ng‘sald 'aﬂa dednk Qoxt}ﬁcthon pad,

I|n1ted e partic orns ose Rat her

i nv e a% %Qhe tt%st&:ggl(i’?c\{]ﬁ%teghlrecpplgétﬁlkaq @Bﬁlﬂlﬂﬁrcat%l'ﬂe}'}%cﬁ@ﬁesﬁrst connection

and arterna inthe spirit and scope

of th ventl ed by the follow ng appended
ad aeEﬁ? Qg\r%?ec&&f é adt

cl afifs devi ce conpri si ng:

2. The memory device of claim 1, wherein the first connection pad comprises a multi-

stage connection pad including an inner conductive pad and an outer conductive pad.

3. The memory device of claim 2, wherein the inner conductive pad is configured to

enable electrical communication between the memory device and the external circuitry.

4, The memory device of claim 2, wherein the test path extends outwardly from the

outer conductive pad to the second connection pad.

5. The memory device of claim 2, wherein the inner conductive pad and the outer

conductive pad are electrically isolated from one another on the substrate.
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a substrate; a first connection pad and a second
connection pad coupled to the substrate, the first and

W@ ewanmoeonnect i on pads configured to facilitaP@r/us2006/048891

el ectrical comuni cation bdéween the nmenory devi ce and
external circuitry; and a test path connecting the

first connection pad and the second connection pad,

wherein the test path facilitates direct electrica

conmuni cati on between the first connection pad and the
second connection pad. 2. The nenory device of claim

1, wherein the first connection pad conprises a nulti

stage connection pad including an inner conductive pad

and an outer conductive pad. 3. The nenory device of

cl &. m 2, Thehemeirndéviee dfiolaén 1cehdeiatthetest patth is gonfigured to facilitate direct
configured to enable el ectrical conmmunication between

t heslevaimal gontlestiication betwehreowdercendiativepads of the yespéetivd bennection pads.
menory device of claim2, wherein the test path

extends outwardly fromthe outer conductive pad to the
second connection pad. 5. The nenory device of claim

2, wherein the inner conductive pad and the outer

coritiuct i'the npaebradevieel of claim d a¢dmyprisgglagtiwality 06 snlderdalls coupled to
anot her on the substrate.6. The nenory device of claim

1, redpectpiercotupeti¢remsids phithh plusalitpoff dogoeceidn palsf aci | it at e

direct electrical communication between outer

conductive pads of the respective connection pads. 7.

The nenory device of claim1, conprising a plurality

of solder balls coupled to respective connection pads .
of &he prhemagnary deyicecfglaératli wherpiadke megnoryidevige peypgrises a ball grid
device of claim1l, wherein the nmenory device conprises

a lratay. grid

9. The memory device of claim 8, wherein the memory device comprises a stacked ball
grid array.

10. The memory device of claim 1, comprising a memory chip coupled to the substrate.
11. A system comprising:

a printed circuit board having a first plurality of connection pads;

a memory device coupled to the printed circuit board, the memory device
including a substrate having a second plurality of connection pads electrically coupled to

the first plurality of connection pads; and

a test path electrically coupling two connection pads of the first plurality of

cqnhection pads or two connection pads of the second: bluralityﬂ'ef» connection pads
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array. 9. The nmenory device of claim8, wherein the
menory device conprises a stacked ball grid array. 10.

wab@7megeo6 y device of claim 1l conprising a nmenpCl/USIWE048891

coupled to the substrate. 11. A system conprising: a
printed circuit board having a first plurality of
connection pads; a nenory device coupled to the
printed circuit board, the nenory device including a
substrate having a second plurality of connection pads
electrically coupled to the first plurality of
connection pads; and a test path electrically coupling
two connection pads of the first plurality of
connecti on pads or two connection pads of the second
pl ural i tEheafstanpfideitn bn whamlthe prifved siysiitdiomdfcompasasnthe test path.
11, wherein the printed circuit board conprises the
test path. 13. The system of claim 11, wherein the
substrate conprises the test path. 14. The system of
claim11l, wherein the nmenory device conprises a bal
grild. ar rig systém off tlains /ls tvhmeof the buistraté t¢Gmpriseethe t¢shpath.wo
connection pads conprise two nulti-stage connection
pads. 16. The system of claim 15, wherein the

mul ti-stage connection pad conprises a primary
connection pad and a target connection pad. 17. The
sysifem dfhesygemof glaimphle wWiietyin the memonadeyice samptises 8 balh grd array.
and the target connection pad are substantially
concentri c.

15. The system of claim 11, wherein the two connection pads comprise two multi-stage
connection pads.
16. The system of claim 15, wherein the multi-stage connection pad comprises a

primary connection pad and a target connection pad.

17. The system of claim 16, wherein the primary connection pad and the target

connection pad are substantially concentric.

18. The system of claim 16, comprising a plurality of solder balls that electrically

connect members of the first plurality of connection pads to members of the second plurality

of connection pads.
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18. The system of claim 16, conprising a plurality of
sol der balls that electrically connect nenbers of the

wo eog7pbar al i ty of connection pads to nmenber sPOF/US1006/048891

second plurality of connectiBon pads. 19. The system of
claim 18, wherein two solder balls of the plurality of
sol der balls are respectively coupled to the primry
connection pads and the target connection pads of the
two nulti-stage connection pads. 20. The system of
claim 11, conprising a processor operatively coupled

to e nory device. .21.. A.nethod. c rising: ..

c ouﬁ?i ng Séfé@‘?‘é% c{%‘ﬁn ég’mlhefﬁ."é OCﬁO?dceﬁ B%IPS&{ g‘?"‘o“,qurfﬂlﬁ% of solder balls are
device and the printed circuit board having a first,

o vPSTep N hesiekpie 6 e B APl B i ihedftechsophiiion pads of the
respectively, wherein two connection pads of the first

or SRIBHH-SHEE LAMEEHIPaS connecti on pads are directly

el ectrically coupled to one another via a test path;
performng a continuity test across the two connection

pads and the test path; and disabling the test path.

22.., The t hod of. claim 21, .wherein disabli.ng the tes

pai 1 conbid SaEm RS sR AL SBRETRER Pl erC Ry s a the memory
to sever the test path. 23. The nethod of claim2 1
whe?i di sabling the test path is perforned via logic
circuitry coupled to the test path.24. The nethod of

claim 21, wherein the two connection pads conprise two

mul ti stage connection pads, each of the two

nuli{-stggsﬁﬁgﬂggﬁ£kg@:pads conprising a primary

coupling a device to a printed circuit board, the device and the printed circuit
board having a first plurality and a second plurality of connection pads, respectively,
wherein two connection pads of the first or second pluralities of connection pads are

directly electrically coupled to one another via a test path;
performing a continuity test across the two connection pads and the test path; and

disabling the test path.

22. The method of claim 21, wherein disabling the test path comprises applying power

of sufficient magnitude to sever the test path.

23. The method of claim 21, wherein disabling the test path is performed via logic

circuitry coupled to the test path.
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connection pad and a target connection pad. 25. The
nmet hod of claim 24, wherein coupling the nenory device

wo oooviog9ops i nted circuit board conprises: positPONUSL06/048891

sol der balls between the tw® connection pads and two
correspondi ng menbers of the first or second
pluralities of connection pads, wherein a sol der bal
is respectively positioned between one of the two
connection pads and one correspondi ng nenber of the
first or second pluralities of connection pads;

he wh heat the sol de

o "9 T TR SR RS s R Rl Retpiite o muli-
of t he sol der | s bl he an electrjica
oA EP Ot MitlsrCaeh 8T M1 Pt e S B B omRsising 2 primary

pads to which it is adjacent.
connection pad and a target connectlon pad.

25.  The method of claim 24, wherein coupling the memory device to the printed

circuit board comprises:

positioning solder balls between the two connection pads and two corresponding
members of the first or second pluralities of connection pads, wherein a solder ball is
respectively positioned between one of the two connection pads and one corresponding

member of the first or second pluralities of connection pads;

heating the solder balls, wherein heating the solder balls causes the solder balls to
deform such that each of the solder balls establishes an electrical connection between the

primary and target connection pads to which it is adjacent.



