- e3ej 8~gxxyt{| {& 6} T8~Ma[| ,, 1 TEST COUPON PATTERN DESI GN TO CONTROL
MULTI LAYER SAW S| NGULATED - PLASTI C BALL GRI D ARRAY SUBSTRATE
M S- REG STRATI ON BACKGROUND OF THE | NVENTION (1) Field of the Invention The

invention relates to the fabrication of integrated circuummmmﬁlmmmmuwnd
more particularly, to a method to detect occurrences of ion or
shift of respective inner layers that are created in a substnabge (2)

Description of the Prior Art The increasing need for creating nore

ext'ensi ve fal M0 HATERNE HEeBHAUFbOLONEROE eMUDT EL SO esAy Y BeRA.MEaS  as
one potential solution, led to the application of |ow resistance netals,

such as copper, behghhe BALErGRIHECIRAY aRASHTRARG! Mk -RRRTARRATEBNI NCrease
| nput/output (1/0O interconnect capability has been to design chips and

chi p packagi ng net hods that offer dependabl e nethods of increased
i nterconnecting of chips at a reasonabl e manufacturing cost. This has |ed

to the devel opnent of Fqéé?éaﬂqqﬂﬁa %%%-IQMEBTEka t echnol ogy uses bunps
nh-solders) formed o

(typically conprising Pb VEr "al um num cont act pads on
t he sem conduct or | r devices and interconnects the bunps directly to a
packagi ng nedia, which are usually ceramc or plastic or organic materi al
based. The Eligfchip is bonded face down to the package nedi um t hrough the
shortest pat hsFighdset t Binr ey eScan be applied not only to single-chip
packagi ng, but also to higher Ievels of packaging, in which the packages
are |arger, an8heolpvertiopriekatias &@ sisstrbrdsatnar AAVENREFFRPER | ayers
of interconnect traces and that can accommobdate several chips to form
| arger fuaAtrcohbl demices, Trd fidye eyt icedamilyue tousi mgthadateadet e tarray,
has t he advantage of achieving a high density of interconnect to the
occurrences of mis-registration or shift of respective inner-

layers that are created in a substrate.

(2) Description of the Prior Art

The increasing need for creating more extensive and more
complex semiconductor device interconnect traces has, as one
potential solution, led to the application of low resistance
metals, such as copper, for the interconnect traces. Another
approach to increase Input/Output (I/O) interconnect capability
has been to design chips and chip packaging methods that offer
dependable methods of increased interconnecting of chips at a
reasonable manufacturing cost. This has led to the development

of Flip Chip Packages.

Flip-chip technology uses bumps (typically comprising Pb/Sn

solders) formed over aluminum contact pads on the semiconductor
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devi ce combined with a very | ow i nductance interconnection to the package.
The packagi ng substrate is generally used for Ball Gid Array (BGA)
packages but can’al so‘be used for Land Grid Array (LGA) and Pin Gid Array
(P&A) packages. The nounting of a flip chip over the surface of a printed
circuit board consists of attaching the flip chip to this board or to any
ot her matching substrate. A flip chip is a sem conductor chip that has a
pattern or array of term nals spaced around the active surface of the flip
chip, thedélipeshifdi snt@edthatdd el vereueliacecoh phekddimgchip
facing the supporting substrate. Electrical connectors that are provided on

2 .1 thepaglhVewstEh agke Ofsddmel y Iddd-aollid o52p169RSESbrobrEaht c Ghd e AL4RYS
(BGA) devices and Pin Giid Arrays (PGA) devices. Wth the BGA device, an

array of gLouge $pb dﬁi%—f#ﬂ 5 %o?f&é’%ie‘%a%}éeﬁohﬂet@CEhgepéchégéemé’cfliﬁrhe die

for attachnent to the s ace of a supporting substrate. For PGA devi ces,
an array (o) d ent. Y |.C |y .fr . ive
surface o? Bfﬁg&#l?%c |O§ge§él}c%a’t%%§f #hgl‘:’%l%éé)g%goﬁjfnog#lneﬁ ?aerly ggegghﬁ'ggdaﬁ&
arrangenent.-on_a prinfed circuit baard or other supporting.substrate for
2 achmontn Ror 8t SEARE T W0 niis "08°: e BrPRPECLEPRER! € board by
refluxing the solder balls or%gei ns of the flip chi E Wah conti nuously
decr easi n§2SEAPLBAIULE ¥R HR i di Sn&TEnd2FAEFeadlfigtaeVPER packagi ng
densities, the gackagi ng of sem conductor device continues to gain
i ncr easedSPRPOF E AfRESA PRCREYT HF Dt Redniteoivd B 6APdEv L 288 TFnCL many i nst ances
makes use of supporting substrates over the surface of which one or nore
sem conduénberaeninees wracemanddhato amercconirdafenssveratieghies to
connectivity, the substrate over which the sem conductor devices are
nmount ed t §proaléygeonfenatsiondl iyplicsoverlying | ayers of interconnect
traces. The upper and | ower surfaces of the supporting substrate are
provi ded with contact
The flip-chip technique, using an area I/0 array, has the
advantage of achieving a high density of interconnect to the
device combined with a very low inductance interconnection to the
package. The packaging substrate is generally used for Ball Grid
Array (BGA) packages but can also be used for Land Grid Array

(LGA) and Pin Grid Array (PGA) packages.

The mounting of a flip chip over the surface of a printed
circuilt board consists of attaching the flip chip to this board
or to any other matching substrate. A flip chip is a
semiconductor chip that has a pattern or array of terminals
spaced around the active surface of the flip chip, the flip chip
is mounted with the active surface of the flip chip facing the

supporting substrate. Electrical connectors that are provided on



pads for the connection of the surface nounted devices and for the

provi sion of contact balls to the interconnect traces of the 3

‘substrate. Via hol es’through the substrate connect contact pads - of the
upper and | ower surfaces. For purposes of efficiency and cost

consi derations, substrates are typically created in working strip formthat
are larger than the single unit substrates that are required for individual
devi ce packages. These working strip forns are after conpletion subdivided

by sawi nghé hgcmorki fgrsddd i e imdipvicaual cBEA-paskagess BABB-¢Lmi stration
of the inner layers of nulti-layer nust be carefully controlled and

moni t or ey Ay O O8EA | QAL RIHDIRIS GindelAEQBg:bC@bGﬁhO&é@i@éé eryidle Saw ng
has been conpleted. The invention addresses this concern and provi des a

met hod Oéaﬁa&éw%éreaawﬂ%ggfﬁga%uge UGICIS B%(%é ﬁétﬁisﬁé‘&é%éé}?dgfé a

substrates have been creat 44,401 Bl m shows a ne

saued of guul ol g, che. oG BGh packads. U5 BE 2R1T3,(AD ), shole gl at i ng

met hod fOF nested plating (ace Son “suBstPates eong)
shows a CSP with copper traces, US 6,184,570 Bl (McDonald, Jr._et, al.)
Showe a FRPRCECLMERECIACE . YaumRRy e 1TRE | ROERFTER S pTHEL s

obj ective of the invention is to provide_a nethod of detecting and

moni t or i AYEFRNRre T 61 3 196 RISt R L8t LEoRuFRE - REGRYE c%‘ﬁ‘%@‘iﬁ &5 on.
Anot her objective of the invention is to provide a nmethod for nonitoring
t he accubBRyfdbiP sthpnettclvithatndhe ®)8fs CORAPTEr BOf RoPPRFIEiQubst rat e.

arrangement on a printed circuit board or other supporting
substrate for attachment thereto. The flip chip is bonded to the
printed circuit board by refluxing the solder balls or pins of

the flip chip.

With continuously decreasing semiconductor device
dimensions and increasing device packaging densities, the
packaging of semiconductor device continues to gain increased
importance. Packaging of semiconductor devices in many instances
makes use of supporting substrates over the surface of which one
or more semiconductor devices are mounted. To meet requirements
of device connectivity, the substrate over which the
semiconductor devices are mounted typically contains multiple
overlying layers of interconnect traces. The upper and lower
surfaces of the supporting substrate are provided with contact
pads for the connection of the surface mounted devices and for

the provision of contact balls to the interconnect traces of the



A new nethod is provided for evaluating the alignnent of inner |ayers of
interconnect layers. A test pattern is inserted within and as part of the
ptocess of creating a saw singulated plastic ball grid array substrate. The
test pattern conprises a point of reference for each inner |ayer of the
substrate and nmultiple nmeasurenent points relating to the point of

ref erence whereby each of these nmultiple nmeasurenent points is indicative
of different amount of clearance or m salignnent between the outer and the
inner | ayetuBstBytoEasiy i gl &l atrded teenkiubdii-yter cbaskct hesgoicbetagmen
the point of reference relating to each inner layer pattern and the
respectivgrnthé i PhSe FEASHI BSRIY R A ANGRY pudeBEEEYbRJe MR DRty thRd

mul tiple points is shorted to the point of reference, the ms-alignnment of
the S fcbgeeéoﬁéi/&ééa@{orhé‘,e S £ %tr%da%bééhﬁc balLa gLy di ATk ing
substrate can be determ ned. BRI EF DESCRI PTI OF THE DRAW NGS Fig. 1 1S a
top view I r e lat. f a r t | t he
expl anati 957 5p EOPEEhEY S PLdHE TRl Sl oIHORL BhEr HEbel SabEE T
wor ki ng strip trate. Fig,. 2 {S.a £ross section and, top view of the test
pattern ofThESHRbEAT for RN AR O B b e e R TS 4HE
explanatign of the ipvention starts with a xpl anati,on of the problemthat
Ca bei ng (PEERetE By~ HEE | SBRT T e bGPy 8aniRT the Ferkisd The
following corments apply to the invention. Conventionally and preferably,

pl ating t PREER AREC breSl vl RAAHRRFGISEhe PFiFfokegdetEdhhert PhgtB®ndi ng
fingers, ball pads and interconnections. This allows for required and ready
el ect ri calnBgtesayens t fegeukivl dayamansdx pescarafvasyf epnpuppbeesand ni ckel

and/or gold plating. 6
monitored in order to avoid problems of electrical shorts after

the sawing has been completed. The invention addresses this
concern and provides a method of easily measuring offsets of

inner-layers after the individual substrates have been created.

US 6,344,401 Bl (Lam) shows a method for a sawed signulated

die and BGA package.

US RE 36773 (Nomi) shows a plating method for nested

plating trace on substrates.
US 6,319,828 Bl (Jeong) shows a CSP with copper traces.

US 6,184,570 Bl (McDonald, Jr. et al.) shows a related

patent.



Due to the density of the traces that are provided in or over the surface
of a substrate, a nunber of plating traces cannot be routed over top and
bottom surfaces of the substrate but have to be routed at an inner |ayer of
the substrate. The inner-layer traces are connected with each other at the
time of the creation of the working strip. At the tine that the working
strip nust be divided into individual BGA packages, these traces may in
many i nstances have to be di sconnected, which is part of the process of

sub-di vi di ng the working striguiwapawWm e igveawipat h, of which the
position has been determ ned by an alignnent guide on the outer |ayer, nust

therefor be accurately aligned with the traces that nust be renoved or
interrupted. Any inproper alignnent between the inner |ayer and the outer

| ayer, whereby, thes i 1:S,L1 L an..| ;A Qr r. kayer, that
must be interer§%Eﬁ%§§#é$é§§Hﬁeﬁi$ FEC§@S|2?3@?2%8§afs§?°f§%§¥¥%%§§ and in
these tr eat i r.ohl e f el.ectrical _shorts in the separ B
packages?8§§h%¢d%%d¥%69§“¥%%¥§5§PF§%§°Fﬁ§§ fgﬁﬁgfga%%gt %gﬁbrﬁ %é?égﬁ%éggit
is easy to_detect, t extent to which inner |layers of traces have shifted
fromthe 8gs?rﬁﬁiiﬁ£ﬁ%¥?ﬁ1%ﬂﬁf%ﬁﬂﬁqgﬁ8pe whi ch indivi dual BGA packages
present potential problens of electrical shorts. 7 r The concern of the
required offset and the saw path is - first explained. Shown in Fig. 1 for
this purpose is a top view of a plating trace 10 that is to_be interrupted
by the saw patPRotReF IRRIRGL8%pICH FhendNYSRESPE LEpEesBRPEHIPY> tPRERYUD vi ew
of Fig. 1, the highlighted el enents of this top view are: - 10, is the
trace thafohaBOBLePr it dihel aqrumnrayn®dr alligamest afsipreratayexsihats t he

trace that nust be interrupted by the saw path; the saw path is created by,
as previ oas¢yfstmted,a ssipbstrate.

A new method is provided for evaluating the alignment of
inner layers of interconnect layers. A test pattern is inserted
within and as part of the process of creating a saw singulated
plastic ball grid array substrate. The test pattern comprises a
point of reference for each inner layer of the substrate and
multiple measurement points relating to the point of reference
whereby each of these multiple measurement points is indicative
of different amount of clearance or misalignment between the
outer and the inner layers. By measuring electrical continuity
or lack thereof between the point of reference relating to each
inner layer pattern and the respective multiple measurement
points and by identifying which of the multiple points is

shorted to the point of reference, the mis-alignment of the



dividing a working strip into individual BGA packages - 11 and 13, the
boundaries of trace 10 in a direction 17 in which the saw path is created -
‘12 and 14, the ‘boundaries of the saw path in a case where the inner |ayer
shifted - 15, an arbitrarily selected saw path - A, B and C are three
_corners of a rectangular triangle of which the angle at corner Cis a
ninety degree angle - a, the wwdth of trace 10 as neasured in a direction
that is perpendicular to the traveled saw path 17 - b, the width of the
trace 10 raemBasireddrntdcdshfChiAGul fedqa i s P Renhiqularid @ridas sides of
trace 10 - ¢, the distance that the saw path 15 nust overly the width "a"

of. the td368 MR d Ra0r der gbebrhhgegaw path the sever or interrupt the trace

10; this will becone nore clear In noving the saw path 15 fromthe position
where it is located in the top viewof Fig. 8 rr1inadrection 19;
saw path 15 wll initially affect trace 10 starting at for instance angle B

and all ot her points of i border |ine 13;
conti nued novenent of s%%viggf%&%%&ﬁf%%% ‘r:f(eﬁ(%{ ?%%‘ \%I |1 cause increased
removal of trace 10 from point B towards point A and all other equival ent
poi nts (not highlighted) of trace 10 until the point A (and all ot her
equi val ent paints of trace 10) is reached and trace 10 is interrupted or
cut; from thifsSoll dfisat hEP vdewi Qft#R HRRFANAY N &l atich e Sdwpat h
must "penetrate" the trace 10 so that trace 10 can be interrupted or cut by
the saw$Rgtrege thatt 46 saghefandehe wirRR1HeEl e Rfe PO 9tie s &ECEERi th t he
saw path 15 or with the boundaries 11 and 13 of the trace 10. In actual
oper at i dhatt marpesicuroafsert Béngahapaen Af a sweldtiargristed hysubse rageer | ayer
of the substrate, the saw path is noved as hi ghlighted above to accomvpdat e
i nner-layer shift or mss-registration.

Fig. 2 is a cross section and top view of the test pattern

of the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The explanation of the invention starts with an explanation
of the problem that is being tracked by the invention. For this
purpose, Fig. 1 is used. The following comments apply to the

invention.

Conventionally and preferably, plating traces and bars are
provided for the purpose of connecting bonding fingers, ball
pads and interconnections. This allows for required and ready
electrical access to these solder-mask exposed areas for

purposes of nickel and/or gold plating.



Essentially using the indicated triangle ABC and appl yi ng basic
trigononetry will teach that the follow ng equation is valid: ¢ = a -

(b/ cos ~) wherebYy the value "c" is the maxi mum all owabl e shift of the

| ayers of metal that are created at the tine the trace 10 is created, that
is the inner layer of netal traces, and taking into account that this inner
| ayer netal was 9 r r shifted in direction 19. This equation can be
derived fromthe - top view of Fig. 1, as follows: sin a = cos ~ = b/c,

fromthis follpue tbatheCdendity M ahe trap@swihelt tekl pwesviabaeini og the
paraneters that have been indicated in Fig. 1, that: ¢ = a (b/cos ~). If

this shifbyexcegdsshbEscyabties dupsrdthe AWmRdh b3 paBR9hg 8SabESVI OUSlY
hi ghl i ghted, conpletely cut through and di sconnect trace 10, |eaving trace

10 intercoanactede 0Lt BAT bSet NESEUn £ UL ShorhdeW bl BrEhguBepAsaL ed
i ndi vi dual BGA package. For practical applications, the followng value are

oll
Lypi cal apdrapoly: o8 o0, & SPUdDy 145645 BURRL! LUbLRg thesgplat ter

val ues in the above indicated equation [eads“to a ue o ~m as the
[ .l b [ t [ .Qf _int t Ny
et AL QUSDLG, B0 (1l (1 | A0S O LALST BRNRECLLEAECE T B
| ati t 16_h hi ghlj ght ed .i h i f Flg. 1 h
it er connGae EFAEELoNagt She crOTHIGGENRy &Y 5oh s BeshaEoblr al SEK 118 o
smal | er, individual BGA packages, should no |l.onger be connected with each
ot her. ThETZBBVEUBEoRFdRHVHERRr1E RGeS Udy EBePRCEREFEdelREEF pERPBRes

of illustration only. 10 r r Areview of the relevant subject matter that
has been May in many instances have to be disconnected, which is part of

the process of sub-dividing the working strip by sawing. The saw
path, of which the position has been determined by an alignment
guide on the outer layer, must therefor be accurately aligned
with the traces that must be removed or interrupted. Any
improper alignment between the inner layer and the outer layer,
whereby the plating bar is either an inner ort an outer layer,
that must be interrupted will result in incomplete removal of
the traces and in these traces creating problems of electrical
shorts in the separated BGA packages. By providing a test
pattern that is part of the working strip, it is easy to detect
the extent to which inner layers of traces have shifted from the
desired position and therefore which individual BGA packages

present potential problems of electrical shorts.



di scussed up to this point is as follows: Individual BGA packages are
created by singulation or sawing a | arger substrate in strip form the

i'ndi vi dual BGA packages are referred to as saw singul ated plastic Ball Gid
Array (BGA) packages BGA substrates and therefore singul ated BGA packages
conprise multiple layers of interconnect traces The trace patterns that
are contained in inner |layers of working strip substrates are

i nt erconnected before singulation The plating traces and bar that are part

of ‘the wor ki ngrigd réidhddhstgrtes Pesuibed BEesEHPhRE Ohe disgosEactad at the
time that the working strip substrates are sawed or singulated into

| ndi vi duat; BGA Daekagess. abwl a¢e¥18f, hnESEC?HBEfﬁuﬁééé 15 d gt Jaxers

of working strip substrates may not be properly aligned and nay as a result

not be cogpl et ted enbiE [ ion: s has
been sho#u%ilﬁigé/h gﬁ (?Hlﬁ"\ocfe a:tL%{ 5%1%% g\%v %E ]ggp?gtt:%@&%%eW%% i%\%r#%gﬁi
addresses the Jatter .problemaf inner |ayer 11 | at I traces that are
not conpl et el y+% u%‘:trp‘at%ee)ﬁ noft%fuﬁgflfépg 5?353?%??%%%&?% ti‘%ﬁe"}lﬁwayer
m ss-al i gnpent or_shift. The design pattern that.is shown, in Fig. 2 is the
Gest gn OfOE HELG montitsh RARRLOHtEEs CLBBERES. G otitBatea THBY S | ocared at
varying |l ocations froma reference point. Specifically, Fig. 2 shows a
cross sectibhr 20° dihe AR tdrd EGfpPrSPngTeEsted| Aye?s {aner dlayer ffd a4 of
interconnect nmetal and top view 22 of each of the four layers L1, L2, L3
and L4 of s¥pgleralemnddtisetsalthe ttrgicel thatr BEgfnPe et e BRI eL Byt ave

| ayers L1 and L4 are identical and are via pads on the top and the bottom
| ayer of pabitrehe 8w path is created by, as previously stated, sub-

dividing a working strip into individual BGA packages

- 11 and 13, the boundaries of trace 10 in a direction 17 in
which the saw path is created

- 12 and 14, the boundaries of the saw path in a case where the
inner layer shifted

- 15, an arbitrarily selected saw path

- A, B and C are three corners of a rectangular triangle of
which the angle at corner C is a ninety degree angle

- a, the width of trace 10 as measured in a direction that is
perpendicular to the traveled saw path 17

- b, the width of the trace 10 as measured in a direction that
is perpendicular to the sides of trace 10

- ¢, the distance that the saw path 15 must overly the width “a”
of the trace 10 in order for the saw path the sever or interrupt
the trace 10; this will become more clear in moving the saw path

15 from the position where it is located in the top view of Fig.



The spatial relationship between the test points 24, 26, 28, 30 and 32, as
wel | as associated Plated Through Hol es (PTH), that have been provided as
“forming the test paftern of the invention, a test pattern that is added to

the existing design of the working strip, is as follows: - test point 24 is
the first reference test point of the test pattern, further detai
regardi ng test point 24 are provided bel ow 12 . rr - test point 26 is

the second test point of the test pattern, further detail regarding test

poi nt 26 are Prpvieded Rehow sakephtROLHtw2B1 hasi vl npelFdaercralceanance of
100 umfromthe PTH hole wall to the netal plane in layers 32 (L2) and 3

(L3) -t It hpaerqLaye i B f PTH
ol val T Sotsl aTanarcy PaEych ShEoy Py el Bt T3

has an i1’1{‘%&@3&%&8&)%%%%%%3W?Eg)l_ﬁ%ﬁgkfiPﬁ%t:{‘?; PJA_}laq{l?eMszeh%ntth%fmt al

pl ane in |ayers e f1rst reference pol nt and the

P combi Sl 1B i Phé el Ar PR 80 prbbE doe TS s ok e
cont act 5844 M st s B £P0RBRR PREPhel YRt R TR 25 AN 2¢ Cshown
to and MEE SO BT IHERR) BF 5958 18 SRokh TIF U B doe Ecdn 20
and as shown in the top view 22 of L3; the first test point 24 and its PTH

hol e wal?ther fesruivadeidd PRiGHcaRd FERES HO) cbhtERAChed mifbttalacs 403 1i8s is

shown in the cross section 20 and as shown in the top view 22 of L3; and 13
interrupted or cut; from this follows that “c” is the distance

over which the saw path must “penetrate” the trace 10 so that
trace 10 can be interrupted or cut by the saw path 15
- &, the angle under which the trace 10 intersects with the saw

path 15 or with the boundaries 11 and 13 of the trace 10.

In actual operation, the position of the saw path 17 is
determined by the outer layer of the substrate, the saw path is
moved as highlighted above to accommodate inner-layer shift or

miss-registration.

Essentially using the indicated triangle ABC and applying
basic trigonometry will teach that the following equation 1is
valid: ¢ = a - (b/cos ®) whereby the value “¢” is the maximum
allowable shift of the layers of metal that are created at the
time the trace 10 is created, that is the inner layer of metal

traces, and taking into account that this inner layer metal was



r t the second test point 26 and its PTH hole wall is far renoved from and
makes no contact with netal of L2 as is shown in the cross section 20 and
“as shown in thé top ‘view 22 of L2. Test point 24, by being connected to the
metal of L2, serves as a test point for L2 and is in this capacity used for
_measuring the off-set or ms-registration of layer L2. Test point 26, by
bei ng connected to the netal of L3, serves as a contact point for L3 and is
in this capacity used for measuring the off-set or m s-registration of

| ayer L3hiAsepr eévi auskytsbat ed, PHis hadeatoforl esin pel @Werd¥cdagsram the
i nner-1|layer clearance of 100 ~min layer 2 (L2) and layer 3 (L3). If

t her ef or@avslif bri Righe1l nasr rbavers: L2iwfa QG synghas wyeGurrir-ed, thig test
point 28 is in contact with the shifted netal of L2 fromwhich foll ows that

an el ectajiaal,sShaet Wbl L_Be. mBasus e DRINGAN S 0N, 265209128 cfs

previously stated, the PTH hole wall of test point 28 has an inner-1|ayer

Clearan%%z%&e%ggs~gh8?hg%¥§68§§%$ diéité&gﬂ§ﬁﬂgﬁeQ,sQEBE:!% ng Lnner

| ayers nor e as occurred, t'est” poi nt isin

contact with t shifted_14, . | nmetal of. L3 f.ram which fol |l quws th t here
is an el(\é\alI tcrolscg)ﬁ'sgcf)r {tgﬁé’t \S/v}éé%{t%é?e%%sl nOn anldlezé’. The §§r?egraga Sﬁlkng

applies _to the test points 30 and, .as follows: PTH hole |1 of test
Pt 30 S SETER Ty nAS) DFAYSPLE Bar bk St 4 SN E e Rty CHopeBTaifo) o
wal | of test point 30 has _an_inner-|ayer clearance of 125 ~min |ayers 3
(L3) Pﬁ%sﬁ&“gle\%l FrgfFet d8r pHRRENB2EIRLE arf i%ﬂF&ﬁ@é’ﬁ’&F%%é’?’&ﬁcB%FSlSo ~m

in layers 2 (L2) PTH hole wall of test point 32 has an inner-I|ayer
cl ear and&ereof causing shorts within the separated individual BG

package.

For practical applications, the following value are typical

and apply: a = 250 pm, b = 90 um, & = 45°.

Substituting these latter values in the above indicated
equation leads to a value of 122 um as the maximum allowable
shift of the inner layer of interconnect traces in a direction
19 of Fig. 1. For purposes of clarifying this concept, two
plating traces 16 have been highlighted in the top view of Fig.
1, these interconnect traces may, after the working strip has
been separated into smaller, individual BGA packages, should no

longer be connected with each other.

The above provided numerical values have been provided for

purposes of illustration only.

10



of 150 ~min layers 3 (L3) If therefore a shift in the inner |layers of L2
of nore than 125 ~m has occurred, the test point 30 is in contact wth the
retal of L2 from which follows that there el ectrical short can be measured
bet ween test point 30 and 24. If therefore a shift in the inner |ayers of
L3 of nmore than 125 ~m has occurred, the test point 30 is in contact with
the nmetal of L3 fromwhich follows that an el ectrical short can be neasured
bet ween test point 26 and 30. 15 i If therefore a shift in the inner

| ayers of L2 of nobre than - 150 ~m has occurred, the test point 32 is in
contact with the netal of L2 fromwhich follows that there electrical short

can be neasurefl PeF¥ELNE sle RAUIEvAA AR 32t hhttBer ehatenassheéh in the
inner layers of L3 of nore than 150 ~m has occurred, the test point 32 is

in contacjkw | +10f i iC ws that an electrical short
can be negéﬁ?ggsigfﬁggﬁ§“gg¥sé%?ﬁ?pg%ygﬁhqgggb%%'sunnary: t he i nvention
provi des a reference_or. _zero ground contact i,nt that is .connected with a
Cayer that (SCHVARUALeARoPaGRGRFFLAET TRIRISY dybrs TIHOEE 108 Rmber 88
subsequent test points_is provided whereby each provided test point is

| ocated a cé tl@9ed SLRIEE oAt AT R EPERc LR st iua B PGhe RGPS St he
presence of a short between the reference test_ point and one of the

provi ded subEgur&ierrest tporAt §avWt Aengniped ol adnl @ R lHat@ ihéramdunt  of
the shift or ms-registration that has occurred in the inner-|layer that are
associ at ed WiBGA)t packeBesence test point. By increasing the nunber of
reference test points, it is clear that additional |ayers of a substrate

cgg be evlal lméiﬁﬁ@umftr&itésr ggtsthatkobre Byiddildwsd esdresdkhddie Jaupleseof
additional 1

multiple layers of interconnect traces

e The trace patterns that are contained in inner layers of
working strip substrates are interconnected before
singulation

e The plating traces and bar that are part of the working strip
substrates must be interrupted or disconnected at the time
that the working strip substrates are sawed or singulated
into individual BGA packages, and

e Traces of interconnect metal in inner layers of working strip
substrates may not be properly aligned and may as a result
not be completely separated or cut at the time of saw
singulation; this has been shown using Fig. 1 of a top view

of a plating trace.

The invention addresses the latter problem of inner layer
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| 7 test points, it is clear that the mis-registration of the inner |ayers
of a substrate can be determ ned nore accurately. Although the invention

has been describéd and illustrated with reference to specific illustrative
enbodi nents thereof, it is not intended that the invention be limted to
those illustrative enbodi ments. Those skilled in the art will recognize

that variations and nodifications can be nade w thout departing fromthe
spirit of the invention. It is therefore intended to include within the

i nventi onpaddisycryaes %ﬂ@%@%d@@&n@@kb@?sc%i gb £Rtl théhbh the scope
of the appended clains and equival ents thereof. 17 J f What is clained

is:. 1. A pabbkerfcd ofi ARasitidy) s R) 1Rt hetWaehsl gy 858m@ht dosubstrate
that are part of a saw singulated plastic ball grid array substrate,

conprisingpiac.plurality of reference points, each of said plurality of
reference points being electrically connected to an inner |ayer of

i nterconnect netal plane of said sawsingulated plastic ball grid array
substrate by nmeans of a plated through hole; and a plurality of measurenent

test points, each asurenent point of, said plurality of nmeasurenent points
bei g | ocar ed- S LRBEEh A ke b (8 ATGVE: ARCELP ofn L8 HF eRER LR L
points, sajd pluraljty of neasurenent points extending fhrough said
Subst rat ocBy HREFRCHIT YARERIT HreArgPHONEs 278, CRSREEAOHRR br *hE Ao 7 v
m s-al i gnnent between | ayers that are part of a saw singul ated plastic bal
grid arra§tstiBsY+ad el OCHMRISiTHP™ Fr FALGTSHCE BRI ngul at ed pl astic bal
grid array substrate, said sawsingulated plastic ball grid array substrate
Specifically, Fig. 2 shows a cross section 20 of a

substrate comprising four layers L1, L2, L3 and L4 of

interconnect metal and top view 22 of each of the four layers

Ll, L2, L3 and L4 of interconnect metal. It will be recognized

from Fig. 2 that the layers L1 and L4 are identical and are via

pads on the top and the bottom layer of substrate 20.

The spatial relationship between the test points 24, 26,
28, 30 and 32, as well as associated Plated Through Holes (PTH),
that have been provided as forming the test pattern of the
invention, a test pattern that is added to the existing design
of the working strip, is as follows:
- test point 24 is the first reference test point of the test
pattern, further detail regarding test point 24 are provided

below

12



havi ng been provided with: (i) a plurality of inner layers trace; and (ii)
a test pattern for neasuring ms-alignnent between | ayers, said test
*pattern conprising: '18 | f (a) a plurality of reference points, each of
said plurality ' of reference points being electrically connected to an
inner |ayer of said sawsingulated plastic ball grid array substrate by
nmeans of plated through holes; and (b) a plurality of neasurenent points,
each neasurenent point of said plurality of measurenment points being

| ocat ed atr ey tCdigien 2¢i skapee Eeeshgatdst SEB&I&@QQE RNt stS Y tRhrr al i ty of
measur enent points consisting of a via pad and a plated through hole; and

measur i g, f@fe Al L8 4! &E%ékd%ﬂ&%e?@t%@ﬂ& S Chrfe IRFQRGE Jdigit of said
plurality of reference pdoints and each neasurenent point of said a

plurality t@st”%%ﬁ?&ﬁ:.e%”hsagg%xﬁt $nndpl Fa%?sﬁmﬁéo%f‘gbo;oﬂk@é’f%ﬁdt E the

time that an efFectrical i's or 1S not ‘encountered na reference
point a asur nt int, these |atter condit'ongﬁaein i,ndicative of:
(i) if rabg”gﬁg’gt wadl SRoPpe; E‘ééﬁioﬁrﬁ%‘?eﬁ} LV hher | iy Thue ﬂ}%{
associated with that reference,test point hﬁs shiftgﬂ%nnre thgp a ggsigned
cl ear ance SFRATUEEAY) 30 NAR BPelPRPEAF 2¥ROITITREHULC SHcdum éifedFOFh the
inner-layer that is_associated with_that reference test point.hgg)shifted

| ess t hatHa WS §ifdd EPe&PgnBetadl BEANg. 11n IRYS%T i f Jr2 Inddsurdi

m s-al i gnment between | ayers of interconnect traces that are part of a
subst r at’e,tESMPAigitng2 Rgs ap fnner-layer clearance of 150 um from the

PTH hole wall to the metal plane in layers 2 (L2) and 3 (L3).

The first reference point 24 and the second reference point
26 over the outer layers L1 and L4 should be viewed in
combination with the metal that is provided in layers L2 and L3,
as follows:

the first test point 24 is completely connected to and
makes contact with metal of L2 as is shown in the cross section
20 and as shown in the top view 22 of L2;

the second test point 26 is completely connected to and
makes contact with metal of L3 as is shown in the cross section
20 and as shown in the top view 22 of L3;

the first test point 24 and its PTH hole wall is far
removed from and makes no contact with metal of L3 as is shown
in the cross section 20 and as shown in the top view 22 of L3;

and
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a séMFsinguIated plastic ball grid array substrate, said substrate
conprising "N Iayers of nmetal of which an "N'th layer is |ocated
tnderneath an "N-1"th | ayer of said substrate while an "1"th layer is a
first surface or top |ayer of said substrate, said substrate having been
provided with "N-2" inner |layers of interconnect traces, said "N2" inner
| ayers of interconnect traces being nunbered starting with an inner |ayer
nunbered "2" being a | ower inner |ayer of interconnect traces adjacent to

said first surfpees@fosditkfURdinat e6f hae wher eTgahdl &npgll | ayefsr of
i nterconnect traces are increnentally and sequentially nunbered noving in a

di recti on fnomgat ford 1 4154 ﬁ%ﬂééﬂﬁb‘gbﬁ%@c@ %HQEthéEQthfSﬁQdaéefgﬂﬂmﬁﬂiface
of said substrate up through nunber "N-1" being an upper i nner |ayer of

i nt erCO””?ﬁttlﬁé és@dé@&&@n R S 230 CRABANS YA @ﬁ@ E @ié’ws.’z’f’sdf al£; a

total of "N-2" erence points created over said ate, sai N 2"
ref erence points belng i nterconnected through sald substrate fromsaid top
| ayer of said substrate to a botton1|ayer of said substrate by neans of
pl ated through_hol es;. sai Iat d throu | es, of ald "N 2" _reference
poi nt s furthe?T%%%H%%¥?% %¥ %ﬂ- ge geFSr Eemﬁpgit%f ﬁ?a.inner
| ayer of interconnect traces haV|ng se uential npunber of "N-2"; and 20
s ' a pluFSFYSS ¥F Feith SRR fende aﬂédleE£l§aFﬂp?6pt%nﬂﬁ%%J ot t om
surface of said substrate, said pIurallty of measurenent points being
i nt er connBERBYT PG el A PRIt e HegdREEAtdonopE sLRYREELD sai d
substrate to said bottom surface of said substrate by neans of plated
t hrough hol es, each of said neasurenent points being |located at a
measur abl e and certain distance fromsaid "N-2" reference points. 4. A
met hod for neadest nepints-24. ingetomeprcéadhtbaybe oétahtef chhnect
traces that are part of saw singul ated plastic bal

serves as a contact point for L3 and is in this capacity used

for measuring the off-set or mis-registration of layer L3.

As previously stated, PTH hole of test point 28 has an
inner-layer clearance of 100 um in layer 2 (L2) and layer 3
(L3) . If therefore a shift in the inner layers L2 of 100 um has
occurred, the test point 28 is in contact with the shifted metal
of L2 from which follows that an electrical short will be

measured between test point 24 and 28.

As previously stated, the PTH hole wall of test point 28
has an inner-layer clearance of 100 um on layer 3 (L3). If
therefore a shift in the inner layers of L3 of more than 100 um

has occurred, the test point 28 is in contact with the shifted

14



grid array substrate, conprising: providing a saw singul ated plastic ball
grid array substrate said saw singul ated plastic ball grid array substrate
“-havi ng been provided with: (i) a top and a bottomsurface; (ii) "N' layers
of nmetal of which an "N'th layer is |ocated underneath a "N-1"th of said
.sawsingul ated plastic ball grid array substrate while an "1"t'' layer is a
top | ayer of said saw singulated plastic ball grid array substrate; (iii)
"N-2" inner |ayers of interconnect traces, said "N-2" inner |ayers of

i nt er conpact (4RGeS f%ht”grh%ﬁb%?@?o\%a{ﬁé@gtﬂéfé‘ A aiﬂ‘gé?teéta_%i%falmé'i‘f‘& ked

"2" being a | ower inner ayer of Interconnect traces a cent to sald top

surfaceﬁgtdggn E%@@ Oqgul Blggtrc ball grid array substrate from where
said 21 I nner % teréonnect traces are i ncrenental ly and

sequentially nurrber ed m)vr ng | n adirection fromsaid top | ayer of said
sawsingul ated plastic ball grid array substrate to said bottom | ayer of

sai d samrsingﬁ{ated pIastrc bal | gird arra substrate u thréﬁﬁ? nunber
"N-1" being an*upedF i ﬁﬁéPnF5§e?p 1PHt BP coPmettst Hd% o &8id

bottom surface of said saw singul ated plastic bal I grr d array substrate;
(iv) a tiAdovst: "N 2" reference poi nts created over said top and said
bottom | ayer of said sawsingulated plastic ball grid array substrate, said
"N-2" ref ePEBHchopei maEl bef ntestntmriconidctesd v dughrsiagersavd sangutat ed
plastic ball grid array substrate fromsaid top |ayer of said

saw si ngul afetl2pl astic baydrgrd d(ia)ray substrate to said bottoml ayer of
sai d sawsingulated plastic ball grid array substrate by means of plated

through hobeg; hbye waid HF atsd tﬂHﬂH:g@oh(Pl'a%S a8 198k¢-1 gr Lebergnee points
further connecting each of said "N 2" reference points

of 125 pum in layers 3 (L3)

¢ PTH hole wall of test point 32 has an inner-layer clearance
of 150 um in layers 2 (L2)

e PTH hole wall of test point 32 has an inner-layer clearance

of 150 um in layers 3 (L3)

If therefore a shift in the inner layers of L2 of more than
125 pm has occurred, the test point 30 is in contact with the
metal of L2 from which follows that there electrical short can

be measured between test point 30 and 24.

If therefore a shift in the inner layers of L3 of more than
125 um has occurred, the test point 30 is in contact with the
metal of L3 from which follows that an electrical short can be

measured between test point 26 and 30.
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a inner layer of interconnect traces having a sequential nunber of "N-2";
and (vi) a plurality of measurenent points created over said top and said
bottom | ayer of ‘said saMFS|nguIated plastic ball grid array substrate, said
measur enent points being |located at a neasurable distance fromsaid "N 2"
reference points; 22 (vii) plated through holes for the connection of
each neasurenent point of said plurality of neasurenent points through said
sawsi ngul ated plastic ball grid array substrate fromsaid top |ayer of

said saw si ngutmtieddrsitd @ Ralilftgihdeaer ainsHbsiyate 40 saisk hedtomraayer
of said saw singul ated plastic baII grid array substrate; and neasuring for

an.el ectrig@l ;$hoyd hetweely saind ths2" pbeher 89Ces POl NESnBikk 834G the
measur enent p0|nt of said pIurallty of “nmeasurenent points, said nmeasurenent

bei ng tergdnal e al; tﬂ]:%n# LR dhN3b13Bys! 'EgéE' €RLrShOTdcd S 00 ih

ca
encount er ed betmeen erence point and a measurenent point, t eser1atter
conditio n? %Hj ( .'& n c% ical short is encountered,
an inner- ayer 5 ﬂ§§%§§%%3aféd%Elb ?ﬁaghge %rence test point has
shifted nore than a designed cl earance value (b) if an electrical short is
not encountered, an inner-layer that is associated with that reference test
poi nt has shlfted | ess than a_desi gned_cl earance val ue.

Aa. A9. A A . AY HAPTRFOXE AASRIACALD, ADRFIADAT Alayer of. %% of more than
. Al U34CDHt ?@y] / 348t | gb\ aV] calcal] cRa] cal cal] ca] cal] cal ca] ca] ca] cal] ca
ca] ca] ca] Je-rl;l%) % éﬂcﬁ‘givrgﬂ%oaﬂ’ﬂ \éﬂﬁFégP@}’ﬂPEa%‘%R]hﬂ ] ‘]é%fU}%%t} t"S’Jd'é'v]G:hﬁ] @% v]

metal of L3 from which follows that an electrical short can be

measured between test point 26 and 32.

In summary: the invention provides a reference or zero
ground contact point that is connected with a layer that is
evaluated for a shift of inner-layer traces. A number of
subsequent test points is provided whereby each provided test
point is located a certain distance from the reference test
point. By measuring the presence of a short between the
reference test point and one of the provided subsequent test
points, the invention can estimate the amount of the shift or
mis-registration that has occurred in the inner-layer that are

associated with the reference test point.

By increasing the number of reference test points, it is
clear that additional layers of a substrate can be evaluated for

mis-registration. By further extending the number of additional
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LI NP} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca]ca]ca]ca]ca]ca]calcalcalcalcajcal L g h

<} 7u8m f/}xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
aJcal]ca]calcalcalca]calcalca]calcalcalca]cal/p-j# & UV{R }xsnid_Z]c]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a]calca] cal]calca! _"r<|8w3s%, JKg}xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 9:] OM h&
IMNg ( f test points, it is clear that the mis-registration of the inner

'} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

1 .
??{ ?ﬂ C?/'] §§!(8§%)§§%;£]$§%§%{% %Eg/%bg&sd 8?828?‘%“)% ? ﬁ fidfgfg] %g Lé]é %:%}% alca)calcalc
a] ca] ca] cal cal %%ﬁg@@f& gli}lvvgegif%gk}c eakeahcaleal ¢aLGabsa] £7] gl £l &pl cal ¢

al'G" " (((S((

-@B-D--}xsnhe? cal cal] caUl calca] cal,cal calcalcalcal,calcalcal cal calcal]calc
a] ca] ca] C%ﬁ'gg] E%{ié%a o) caﬁ csl;aé{ecca]t(c:la% clg}lé’lé%t(]‘fg! - .V}&. ??“ﬁg;i#‘/";f?}?%o 00 Wéli’llll 11]28
2D20g2t 2222223 . . . .

3{ vgl gb] WHF cBP b at REFRATE o] 1% dfvaOtd /Fc Bfcailrhfdaf e af 232 a] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! , , ,

3- 3. 3H303¢3393553Y ¥\ LMRABUHHS 5556 6FakE66| 6B{ YRR gBT X4} ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca] ca] ca]calcal]ca]c
a] ca] ca] ca€6837V¥Y 7t 13I8 8EBeigETtan and gogifications can be made without

0 <S<|wrnmhc”YU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca]ca] ca]ca
] ca] ca] cafienpriaina] Ludre o fvm ] syl cid] o] ddilec AhSentioN=x It=2>theref@R??? @B.Q
@ @aaad Al AAAzupkf al W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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aU] ca] ca] nafita] cath owd catltet] e lda wihdnaYhe scope of the appended claims
ajcaJca]ca]calcalca]ca! GGEEEG HHHHICL | 111 . JkJJIIIKKKKKKKKKKKLOLLL} wr mhc”Y]
ca] ca] ca] aahicafeayE£PdAEs thereof.

aJ cal cal ca]ca]ca]lca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalcalcalcalc
a] ca! LBIMk MMVB NONUNVNXNZ NN NNNNNOQAOCOOO6 PWPPPQ< Q= QQQQR| wr mhc”Y] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]ca]calca]ca]ca]lca]calcalc aUc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca! R2R] RRRRRRRRRSASSSSTA TTTTSUZUUUWTVWW WUW W W
wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc
aljcalc alc

a} ca} ca] (L:J]a] ca] ca] ca] ca] ca! zZWNWWNWNWAKRXXXYOYYYZHZZZ[ 7[ K[ [[#\ *\ c\ ANV D] ] wm
hb] X] c] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
alcalcalcalcalcalc alyc

ajcaJcalcalj]]])rfrnrnnn 2 e N aHaaaaaabbb>b~bb} xsni d_Z] c] ] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] ca] ca] cal! bb;

c| ccccc! dydddeMeceeef (f af f f ggRggghChj hhhi ~i } xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]lca]ca]ca]ca]ca]c
aJca] caHpi K-10%t| & ()-yl1l0%t| & () - &Y

"10% & ()-S"10% & ()-!'10%| & ()-10%IP& () - MLO%t| & ()-F)gi K, , # 10%15& () -
110%] & ()-10%4 & ()-:10%4| & ()-s!10%4| & ()-s!10%| & ()-L10%4| & ()-]/dE, , #"
10%458& 7" 10%4| & ()-s5y 10%4| & ()-110%4| & ()-y/ "10%#| & ()-s-!10%4| & ()-1+
"10%4| & ()-/012348t uv4! d9F %0%+& ()-@ 10%& ()- 10%& ()-:10%& ()-3 10 |

| 10
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| {10 | ]!9,;10% | |& ()-5qdEuvAl d9F 940! 10%& ()- 10% ()- 10%& () -z
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109&' ()-/10%& ()-s-"10% ()- 1+ 10%& ()-L' 10%& ()-1 KLM\P_@ d9FLS! 109Z& ()-!
109%v& ()- 10 10 10&@ s109& ()-7, #109& ()-5!109%& ()- L
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"()-Lf)- #110% S drern HAVER Ak FY HOUZEI € nméﬁ%%%&eﬂ%ﬁ&zs @
“109Z& () - 109Z& ()- 5 "109%& () - 3" 109 1110%& ()-7 dEYNC' doF

) -
L5 O st Gl B i L o
%%08/:1&'(§)81%52&5}03/‘§§§9f@%%10(y%@18 %o :0%&' ()- ,# 10% ()-1"109%&' () - {bCI d9FS
a plurality of reference points, each of said plurality of
reference points being electrically connected to an inner layer
of interconnect metal plane of said saw-singulated plastic ball
grid array substrate by means of a plated through hole; and
a plurality of measurement test points, each measurement
point of said plurality of measurement points being located at a
measurable and certain distance from said reference points, said

plurality of measurement points extending through said substrate

by means of plated through holes.

2. A method for measuring mis-alignment between layers that are
part of a saw-singulated plastic ball grid array substrate,
comprising:

providing a saw-singulated plastic ball grid array
substrate, said saw-singulated plastic ball grid array substrate
having been provided with:

(i) a plurality of inner layers trace; and

(ii) a test pattern for measuring mis-alignment between

layers, said test pattern comprising:
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measurement being terminated at the time that an electrical
short is or is not encountered between a reference point and a
measurement point, these latter conditions being indicative of:
(1) if an electrical short is encountered, an inner-layer that
is associated with that reference test point has shifted more
than a designed clearance value

(ii) 1f an electrical short is not encountered, an inner-layer
that is associated with that reference test point has shifted

less than a designed clearance value.

3. A pattern for measuring mis-alignment between layers of

interconnect traces that are part of a substrate, comprising:
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v17*h jayer is a first surface or top layer of said substrate,
said substrate having been provided with “N-2” inner layers of
interconnect traces, said “N-2"” inner layers of interconnect
traces being numbered starting with an inner layer numbered “2”
being a lower inner layer of interconnect traces adjacent to
said first surface of said substrate from where said inner
layers of interconnect traces are incrementally and sequentially
numbered moving in a direction from said first surface of said
substrate to said second surface of said substrate up through
number “N-1” being an upper inner layer of interconnect traces
adjacent to said second surface of said substrate;

a total of “N-2" reference points created over said
substrate, said “N-27 reference points being interconnected
through said substrate from said top layer of said substrate to
a bottom layer of said substrate by means of plated through
holes;

said plated through holes of said “N-27 reference points
further connecting each of said “N-2” reference points to a
inner layer of interconnect traces having a sequential number of

“N-27; and
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grid array substrate, comprising:

providing a saw-singulated plastic ball grid array
substrate, said saw-singulated plastic ball grid array substrate
having been provided with:

(i) a top and a bottom surface;

(ii) “N” layers of metal of which an “N”t® layer is located
underneath a “N-1"*' of said saw-singulated plastic ball grid
array substrate while an “1”*" layer is a top layer of said saw-
singulated plastic ball grid array substrate;

(iii) “N-2” inner layers of interconnect traces, said “N-2”
inner layers of interconnect traces being numbered starting with
an inner layer numbered “2” being a lower inner layer of

interconnect traces adjacent to said top surface of said saw-

singulated plastic ball grid array substrate from where said
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top and said bottom layer of said saw-singulated plastic ball

grid array substrate, said “N-2” reference points being
interconnected through said saw-singulated plastic ball grid
array substrate from said top layer of said saw-singulated
plastic ball grid array substrate to said bottom layer of said
saw-singulated plastic ball grid array substrate by means of
plated through holes;

(v) said plated through holes of said “N-2" reference
points further connecting each of said “N-2” reference points to
a inner layer of interconnect traces having a sequential number
of “N-2"; and

(vi) a plurality of measurement points created over said
top and said bottom layer of said saw-singulated plastic ball
grid array substrate, said measurement points being located at a

measurable distance from said “N-2” reference points;
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measuring for an electrical short between said “N-2”
reference points and each measurement point of said plurality of
measurement points, said measurement being terminated at the
time that an electrical short is or is not encountered between a
reference point and a measurement point, these latter conditions
being indicative of:

(a) if an electrical short is encountered, an inner-layer that
is associated with that reference test point has shifted more
than a designed clearance value

(b) if an electrical short is not encountered, an inner-layer
that is associated with that reference test point has shifted

less than a designed clearance value.
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