16 February 2007 TEST COUPON PATTERN DESIGN TO CONTROL MULTILAYER SAW

SINGULATED PLASTIC BALL GRID ARRAY SUBSTRATE MIS-REGISTRATION BACKGROUND OF

THE INVENTION (1) Field of the Invention The invention relates to the fabricla%ion finte%ratc-é% Oc;rcuit
r

devices, and more particularly, to a method to detect occurrences of mis-regis ration ‘of Shift 6 espective

inner- layersrthat arercreated e substrate 1 () Descriptiorof thesbrion AktThesingreasing need:for
creating more extensive and more complex semiconductor device interconnect traces has, as one

potential solution, led-torthe mpplisationseflowaesistarmes sretalsy suats agcoppet faritbe interconnect
traces. Another approach to increase Input/Output (I/0O) 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 (typicalbrcermposing Riy'Snusoldersyfiarnted over aluminum contact pads on the
semiconductor 1 16 February 2007 devices and interconnects the bumps directly to a packaging

(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method to detect

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/0) 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



media, which are usually ceramic or plastic or organic material based. The flip-chip is bonded face down
to the package medium through the shortest paths. These technologies can be applied not only to
single-chip packaging, but also to higher levels of packaging, in which the pafléage?hare Iarge&rO 8\gd to
more sophisticated substrates that have multiple layers of interconnect traces and that ¢a

accommodate,sexesakehips o denmn larger Binetienaluits. dhe dip-ckipiechnigueusing.gn area 1/0
array, has the advantage of achieving a high density of interconnect to the device combined with a very

low inductanee intereammesctian &0 the, package rkhe: packaging suhsiraie isgeneraly bused far-Ball Grid
Array (BGA) packages but can also be used for Land Grid Array (LGA) and Pin Grid Array (PGA)
packages. Hhe ¢aqunting af ia flipahipover thersiktace 0f @ prinvied teircuiidqand capsisiscofiattaching the
flip chip to this board or to any other matching substrate. A flip chip is a semiconductor chip that has a
pattern or arrayaiderminals spaced arpunt the aatiessudacenoflthe itz chipn thes flgpoghip 48 metnted
with the active surface of the flip chip facing the supporting substrate. Electrical connectors that are
provided o21k6 Eebrsiang2607tihe activé sytiface obthe flip chip-camconsist dfBalllGrid £
packaging, in which the packages are larger, and to more
sophisticated substrates that have multiple layers of

interconnect traces and that can accommodate several chips to

form larger functional units.

The flip-chip technique, using an area I/O 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
circuit 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



Arrays (BGA) devices and Pin Grid Arrays (PGA) devices. With the BGA device, an array of minute
solder balls is disposed over the active surface of the die for attachment to the surface of a supporting
substrate. For PGA devices, an array of small pins extends essentially perpe{\gicFul%rIQ/ from tEIS &?tive
surface of the flip chip, such that the pins conform to a specific arrangementon aeprinltleadré]ircun board or

other suppertiag ssuhsteate forraftachprentthereia. g henflip chimisandeditodhke sprinted eirguit board by
refluxing the solder balls or pins of the flip chip. With continuously decreasing semiconductor device

dimensionsand increasing device packagingrensitiesdther pagkaging0f sesicanskictor deviceneontinues
to gain increased importance. Packaging of semiconductor devices in many instances makes use of
supporting substriates over the surface effwhich one epmose seanaenducteridgvicessareraeuried. To

meet requirements of device connectivity, the substrate over which the semiconductor devices are
mounted typically €optairis meltipfe toverlying layerssafiatereeninect races Thecdpper and lower
surfaces of the supporting substrate are provided with contact pads for the connection of the surface
mounted devicesand for theopravisien of cantaciballsitodhe jnterconneettradtessofahé 316 Eebruary
2007

extends essentially perpendicularly from the active surface of

the flip chip, such that the pins conform to a specific

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



substrate. Via holes through the substrate connect contact pads of the upper and lower surfaces. For
purposes of efficiency and cost considerations, substrates are typically created in working strip form that
are larger than the single unit substrates that are required for individual devicle6p%c a]%;es. Th%%%\évorking
strip forms are after completion subdivided by sawing the working strip into individual BGA packages.

Mis-registratignsefrithecinnes layees ekmulti-laygh must becarefully sontselled-and snenitared i erder to
avoid problems of electrical shorts after the sawing has been completed. The invention addresses this

concern angdgrevidesgoaethashofieastly measttingOffsets-ob innesdayers after the-ingivigual sabstrates
have been created. US 6,344,401 Bl (Lam) shows a method for a sawed singulated die and BGA

package. USRE 3@i/3idNami) shows asplating meibod fer negted Julaing-traee o8 substratesi kS
6,319,828 BI (Jeong) shows a CSP with copper traces. US 6,184,570 Bl (McDonald, Jr. et al.) shows a
related patent. 416 &ebruary2007e SUMMAR Yt 0T HEdNYENTIO N Aiprincipie objective tof dhe
invention is to provide a method of detecting and monitoring inner-layer mis-registration

are required for individual device packages. These working strip

forms are after completion subdivided by sawing the working

strip into individual BGA packages. Mis-registration of the

inner layers of multi-layer must be carefully controlled and

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 singulated

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.



of a multi-layer configuration. Another objective of the invention is to provide a method for monitoring the
accuracy of alignment of inner layers that are of a substrate. A new method is provided for evaluating the
alignment of inner layers of interconnect layers. A test pattern is inserted wit g] an% asi)art %fotlag
process of creating a saw singulated plastic ball grid array substrate. The tes pa%t% m Eorﬁsrises a point
of reference for each inner layer of the suagitate ai3d Tawltipleymngasygment 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 measuremept poeints asd dyjdentifyingarhich of theymuttiple points is shekted 4o the point of
reference, the mis-alignment of the 5 16 February 2007 inner layers of the saw singulated plastic ball grid
array substratehcan be determinedBRHIF RESCRIPTHON OfcTHEDYRAWMING S &if). drisactoprview of
an inner layer plating area of a substrate that is used for the explanation of potential shorts

of a multi-layer configuration.

Another objective of the invention is to provide a method
for monitoring the accuracy of alignment of inner layers that

are of a substrate.

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



that can occur after singulation of a working strip substrate. 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 by6thFee|gvent|on. Egé}mls

purpose, Fig. 1 is used. The following comments apply to the invention. Conventlonaﬁy%ﬁé preferably,

plating traces aad bars are previded fanthesuurgase ek eopnectingdanging tingersakalk pads and
interconnections. This allows for required and ready electrical access to these solder-mask exposed

areas for purpesessefnickel and/argald plating. 6 16 February 2007 Due to the density of the traces that
are provided in or over the surface of a substrate, a number of plating traces cannot be routed over top
and bottom surfaces of the substrate but have to be routed at an inner layer of the substrate. The
inner-layer traces are connected with each other at the time of the creation of the working strip. At the
time that the working strip must Brivided #uta irdividonabBGAHpackagesNthese traces may in many
instances have to be disconnected, which is part of the process of sub-dividing the working strip by
sawing. The saw

Fig. 1 is a top view of an inner layer plating area of a

substrate that is used for the explanation of potential shorts

that can occur after singulation of a working strip substrate.

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.



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 eitherjtaﬁn innlgr orano Q%qayer,
es

that must be interrupted will result in incomplete removal of the traces and in §& Haded ¥rea ing

problems of electrigal shortsyp the separated BGA: packages. Bydrrovidinga test qeattern 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 positierr and dherefare wehielt indiyduallBGAfackagesreset potential preklemssof electrical
shorts. 7 16 February 2007 The concern of the required offset and the saw path is first explained. Shown
in Fig. 1 forcthisnputrppse isa tepl vieve 0f eqplatingitraee 46rthatis ta bedntefrupted bythe sawdgath. To
further explain the concept represented by the top view of Fig. 1, the highlighted elements of this top view
are: 10, is thetiracevthat bav beencreated tn an innerdayarasfar substrate, this iscthetteacerthat must be
interrupted by the saw path; the saw path is created by, as previously stated, sub- dividing a working strip
into individualrBGA packages 4 tandal3; the boandaresvof-fiaecea 20 imaldirection ifeantime of

the creation of the working strip. At the time that the working

strip must be divided into individual BGA packages, these traces

may 1in 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 or 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.



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 mealsgreFd in a direcg%%t;]at 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 sidesrofdracedl ¢.1the distance that the sawpath 4hdnushoveslyithe 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 thefsawy pathix 35 dramadhe pasitian where df is located tmthe tepMiew of Fig. 28 464-ebruary 2007
1 in a direction 19; saw path 15 will initially affect trace 10 starting at for instance angle B and all other
points of trace d0dthat makecontact withdhorden kne 43 peontintedrugvermentof: sawath 454 the
direction 19 will cause increased removal of trace 10 from point B towards point A and all other
equivalent points1notrhighlightedefitrace 10 antilktheqointA fardsath tothengquiviaenbpointsof trace
10) is reached and trace 10 is interrupted or cut; from this follows that "c" is the distance

of Fig. 1, the highlighted elements of this top view are:

- 10, is the trace that has been created in an inner layer of a

substrate, this is the trace that must be interrupted by the saw

path; the saw 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.



over which the saw path must "penetrate” the trace 10 so that trace 10 can be interrupted or cut by the
saw path 15 T, 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 171i% detgrmined b}’ tg;—; outer
layer of the substrate, the saw path is moved as highlighted above to accomfodate ﬁfﬁaeﬂ’ayer shift or

miss-registnation. Esgentiallyusing the indigated iangle,ABC angd applying basic drigencrpetry will teach
that the following equation is valid: ¢ = a - (b/cos (D) whereby the value "c" is the maximum allowable
shift of the laygrs ohmetal thatarercseatedaat dhe ke the trage 104s Keeated,ithakisdhe innerdayer of

metal traces, and taking into account that this inner layer metal was 9 16 February 2007 shifted in
direction 19, (Thisequaticrecan be derived fiom theidep vieveofiBig. doas follews: sivameaos (D= b/c,
from this follows that: ¢ = a - b/cos (D from which follows, observing the parameters that have been
indicated irskig. fathat:16=an- (heosi)e B thisrshifb exdeedsdhissealue of &ci'd4be saanpath 115 cannot, as
previously highlighted, completely cut through and disconnect trace 10, leaving trace 10 interconnected
over parts thereef causimgpsherts within thevwsepasatedindividuahBGAL1 other equivalent

points (not highlighted) of trace 10 until the point A (and all

other equivalent points of trace 10) is reached and trace 10 is

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 is

rz n”

valid: ¢ = a - (b/cos ®) whereby the value “c¢” 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



package. For practical applications, the following value are typical and apply: a = 250 um, b =90 um, (D
= 450. 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 dire(:tioP6 18 cg Fi%rl. Fogﬁu/lrposes
of clarifying this concept, two plating traces 16 have been highlighted in the top View o |gy f these

interconnegiracesdnay, afterdhe working striphas heenseparated into smaliere individual BGA
packages, should no longer be connected with each other. The above provided numerical values have

been provideghfor i purpeses ofillustratien enly1 3@ 46 Febiuary-2QQYs Avrevieyy of thertatevant subject
matter that has been discussed up to this point is as follows: Individual BGA packages are created by
singulation o5 sawing whlatgersubstrate in/stap farnt tbe individualfBGApackages careiretertedto as saw
singulated plastic Ball Grid Array (BGA) packages BGA substrates and therefore singulated BGA
packages qomiprise: aiutipledayers of interconnedtittacesd The trace.patierns that are€oatained in inner
layers of

(b/cos ®). If this shift exceeds this value of “c” the saw path

15 cannot, as previously highlighted, completely cut through and

disconnect trace 10, leaving trace 10 interconnected over parts

thereof causing shorts within the separated individual BGA

package.

For practical applications, the following value are typical

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

Substituting these latter wvalues in the above indicated
equation leads to a value of 122 pm 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



working strip substrates are interconnected before singulation 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 Trac%s6 ofFi terconnecééggtal in
inner layers of working strip substrates may not be properly aligned and may as aTesuit hot

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 11 16 February 2007 plating
traces that are nohcompletely sat ahthertime of rsubstiBtp-singulatien duerta innerdayeramiss-alignment or
shift. The design pattern that is shown in Fig. 2 is the design of the invention wherein test points are
created thad ase-locater @b varying locations fromsa seference-peint. 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 foulayers Ju1.52a L3andik4 of interconnaetaneta): IbwillRe Frcognized sawing

a larger substrate in strip form, the individual BGA packages
are referred to as saw singulated plastic Ball Grid Array

(BGA) packages

® BGA substrates and therefore singulated BGA packages comprise

multiple layers of interconnect traces

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

® 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

® 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

11



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 formingl'%1eFte%t %attern 06 5@e
invention, a test pattern that is added to the existing design of the working strip, is%srfoﬁlg\ﬁs:ztest point

24 is the firgt teference testointof the testnpattersnfurthes detail regarding test peint24 are provided
below 12 16 February 2007 test point 26 is the second test point of the test pattern, further detail

regarding testpoint:26 ake: proyided: belowtestpoint2& has apdanerilayenclegransetof 100 um from the
PTH hole wall to the metal plane in layers 32 (L2) and 3 (L3) test point 30 has an inner-layer clearance of
125 um froenthetRTH hole wall to the metal plane in layers 2 (L2) and 3 (L3) test point 32 has an
inner-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 LI and L4 should be
viewed in combination with the metal that is provided in layers L2 and L3, as follows:

The design pattern that is shown in Fig. 2 is the design of

the invention wherein test points are created that are located

at varying locations from a reference point.

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
L1, 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



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 aqg) as shown int 50]p view
22 of L3; the first test point 24 and its PTH hole wall is far removed from and makes ho %Eﬁtac(éwnh

metal of L3 -asissshoyay it thescross sgetion: 20 aandrassshoyn ithetoprview 22+0fd 3 tanch]3 16
February 2007 the second test point 26 and its PTH hole wall is far removed from and makes no contact

with metal efl=2 s is shewn 1intbg gressmeection20andas showndn the topdew2 ef.2. 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 eff«sep on mis-rayistsatiomofilayerLd.akest poird 26q hy bedty camnested tathetmetal of L3,
serves as a contact point for L3 and is in this capacity used for measuring the off-set or mis-registration
of layer L3 PASI previeushy stated, RH hote-afitest poiat 28 hasafnr inrer-layer)clearance of,. 200 um in
layer 2 (L2) and layer 3 (L3). If therefore a shift in the inner layers L2 of 100 um has

- test point 30 has an inner-layer clearance of 125 pm from the

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

- test point 32 has an inner-layer clearance of 150 pm 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

13



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 shif%n the inner Iaygrs f L3 of
more than 100 um has occurred, the test point 28 is in contact with the shifted 14 Té’ ]f:ue%ﬂary%% 7

metal of L3 from whieh followsthatthere isi an ejactrical shed betweemitestpaint 26 and28. The same
reasoning applies to the test points 30 and 32, as follows: PTH hole wall of test point 30 has an

inner-layer eleasaree ©f dR54H0 imlayers A4L2b A4t holgiwall abtest peint 80 has ansingetlayer
clearance of 125 um in layers 3 (L3) PTH hole wall of test point 32 has an inner-layer clearance of 150
um in layers? i2¢ RTHwle weal 0f testpaintidB2hkas aninnerrdayer<clearance eof 150 um indayers 3 (L3)
If therefore a shift in the inner layers of L2 of more than 125 um has occurred, the test point 30 is in
contact with the metal of L2 from which follows that there electrical short can

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 mis-registration of layer L2.

Test point 26, by being connected to the metal of L3,
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 pm in layer 2 (L2) and layer 3
(L3). If therefore a shift in the inner layers L2 of 100 pm 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 pm

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

14



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. 15 16 February 2007 {f h%regore a shiEtOiBJ}he
inner layers of L2 of more than 150 um has occurred, the test point 32 is in con actwithy tHe’ nietal’of L2

from whichrfgltows that thererelectiiealshortaanhe measureddetween destnint24i and 32nlf therefore
a shift in the inner layers of L3 of more than 150 um has occurred, the test point 32 is in contact with the

metal of L3feamahich fallowsdthat an elegtrcal 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 shortketweera the aeferenge test poind and aneoftthetprpvitded supsequentiest peints, the
invention can estimate the amount of the shift or mis-registration that has occurred in the inner-layer that
are follows:

® PTH hole wall of test point 30 has an inner-layer clearance
of 125 pm in layers 2 (L2)

® PTH hole wall of test point 30 has an inner-layer clearance
of 125 pm in layers 3 (L3)

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

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

of 150 pm 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 pm 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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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 16 16 February 2007 test points, it is clear that the mis-registratioqé)f%h%inner Iaéé_ r§7of a
substrate can be determined more accurately. Although the invention has been descrivetf dnd Mustrated

with reference to specificeilastrativeersbadiments theregh, ieis notjatended that the imentioprhenlimited
to those illustrative embodiments. Those skilled in the art will recognize that variations and modifications
can be made withaut glepatingfrem the spirit 8§ thesipvantio Itis thereferet intendead to inglude within
the invention all such variations and maodifications which fall within the scope of the appended claims
and equivalents theseofl. 1 7 tkeohebiuash 2607 1\What isrelaimetkise 1 cAstbstratelcainprisingaa first
reference point; a second reference point spaced from the first reference point; and

be measured between test point 24 and 32.

If therefore a shift in the inner layers of L3 of more than
150 pum has occurred, the test point 32 is in contact with the
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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a first interconnect metal connected to the first reference point, the first interconnect metal having a
through hole provided therein, the through hole normally surrounding the second reference point at a
first distance with the first and second reference points being electrically unconnec ed, the fir%s(g ggd

. . . . . Febriuar,
second reference points being electrically connected when the first interconnect metal’1s dYsp aced more
than the first distancenelativedo the seeend taferencedaintantd ¢optacts thensecondyefergnee point. 2.
The substrate as claimed in claim 1 further comprising: a further reference point spaced from the first

reference poiRte andowhereiipthefirstintersonrecidnetahhas a fudher threughheleprovided therein,
the further through hole normally surrounding the further reference point at a further distance with the first

and further referexcerpoinis etectrigallyaincoonestes, thestirstiand rfurtber eafarencepoints edectrically
connected when the first 18 16 February 2007 interconnect metal is displaced more than the further
distance relative to-therfurtber referepee point andicontacts the furthesdriefenense pointed L The substrate
as claimed in claim 1 further comprising:

is not intended that the invention be limited to those

illustrative embodiments. Those skilled in the art will

recognize that variations and modifications can be made without

departing from the spirit of the invention. It is therefore

intended to include within the invention all such variations and

modifications which fall within the scope of the appended claims

and equivalents thereof.
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a third reference point; and a second interconnect metal connected to the third reference point, the
second interconnect metal having a through hole provided therein, the through hole normally surrounding
the second reference point at the first distance with the second and third refergnc% ggingsr eleg%cglly
unconnected, the second and third reference points electrically connected when {55884 fritérconnect
metal is digplagedimore thandhe figst distance relative to the second reference point and contacts the
second reference point. 4. The substrate as claimed in claim 1 further comprising: a third reference
point; and a segondintercanaecidnetal eanrgacted to the third reference point, the second interconnect
metal having a through hole provided therein, the through hole normally surrounding the second
reference poirttiat $he fiest distanee withihe second and third reference points electrically unconnected,
the second and 19 16 February 2007 third reference points electrically connected when the second
interconnect rBetab isdisplaced meredban thesfirst distancen relativer ta-the secoadaatereped paint and
contacts the second reference point; and wherein:

and

a first interconnect metal connected to the first reference

point, the first interconnect metal having a through hole

provided therein, the through hole normally surrounding the

second reference point at a first distance with the first and

second reference points being electrically unconnected, the

first and second reference points being electrically connected

when the first interconnect metal is displaced more than the

first distance relative to the second reference point and

contacts the second reference point.

2. The substrate as claimed in claim 1 further comprising: a
further reference point spaced from the first reference point;
and

wherein:

the first interconnect metal has a further through hole provided
therein, the further through hole normally surrounding the
further reference point at a further distance with the first and
further reference points electrically unconnected, the first and

further reference points electrically connected when the first
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the first interconnect metal has an additional through hole provided therein, the additional through hole
surrounding the third reference point at an additional distance with the first and third reference point

electrically unconnected, the first and third reference points remaining unconﬂ(;:-cte when the %%cpnd
. .. . . . February. 2
interconnect metal is displaced more than the first distance. 5. A method comprising: prowéﬁng a

substrate hayingra firsh seference-pointsand apsecand refarence paintspaged freartheifystieference
point; providing a first interconnect metal connected to the first reference point, the first interconnect

metal having-a through tholepsoyided thereirns the threugh bolecnermallysuresndingther seconrd-
reference point at a first distance with the first and second reference points being electrically
unconnected; the dirstanpd seeand reference points being electrically connected when the first
interconnect metal is displaced more than the first distance relative to the second reference point and
contacts the second reference point; 20 16 February 2007 determining from an electrical short between
the first and second reference points that the first interconnect metal has been displaced more than the
first distance; andedeteiminingtfeor the lackefdanielectricahshiort between themprising:

a third reference point; and

a second interconnect metal connected to the third reference

point, the second interconnect metal having a through hole

provided therein, the through hole normally surrounding the

second reference point at the first distance with the second and

third reference points electrically unconnected, the second and

third reference points electrically connected when the second

interconnect metal is displaced more than the first distance

relative to the second reference point and contacts the second

reference point.

4. The substrate as claimed in claim 1 further comprising: a
third reference point; and

a second interconnect metal connected to the third reference
point, the second interconnect metal having a through hole
provided therein, the through hole normally surrounding the
second reference point at the first distance with the second and

third reference points electrically unconnected, the second and
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first and second reference points that the first interconnect metal has been displaced less than the first
distance. 6. The method as claimed in claim 5 wherein: providing the substrate includes the substrate
having a further reference point spaced from the first reference point; and pro idin%the first g}é%r onnect

metal includes the first interconnect metal having a further through hole provi1 edF?herrLellarlf%]he urther

through holernarmally suronndingthet irthes referenceigoinbata fnther gistanee,witb dhe first and
further reference points electrically unconnected, the first and further reference points electrically

connected whea:the firsicintereeanectanetak isidisplaced morerthan the-furthes disianee: felative to the
further reference point and contacts the further reference point; determining from an electrical short
between thedirstrane: furtherreference points thas the fikss interconaeecometat hast beens disptaced more
than the further distance; and determining from the lack of an electrical short between the first and
further refererfcerpoints that the;firshititerconnect 21 16 February 2007 metal has been displaced less
than the further distance. 7. The method as claimed in claim 5 wherein: providing the substrates includes
the substraténbawing a third

the first interconnect metal has an additional through hole

provided therein, the additional through hole surrounding the

third reference point at an additional distance with the first

and third reference point electrically unconnected, the first

and third reference points remaining unconnected when the second

interconnect metal is displaced more than the first distance.

5. A method comprising:

providing a substrate having a first reference point and a
second reference point spaced from the first reference point;
providing a first interconnect metal connected to the first
reference point, the first interconnect metal having a through
hole provided therein, the through hole normally surrounding the
second reference point at a first distance with the first and
second reference points being electrically unconnected, the
first and second reference points being electrically connected
when the first interconnect metal is displaced more than the
first distance relative to the second reference point and

contacts the second reference point;
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reference point; and further comprising: providing a second interconnect metal connected to the third
reference point, the second interconnect metal having a through hole provided therein, the through hole
normally surrounding the second reference point at the first distance with the secong and thi%,é erence

points electrically unconnected, the second and third reference points electriégllngonrn%%fé’d when the

second intgecosnechmetal is-displaced merethan the fikst isiance dglative te thessecond reference point
and contacts the second reference point; determining from an electrical short between the second and

third referepee points Hat the, secend inteycenaectinetar has theandisplasad morgdban the first distance;
and determining from the lack of an electrical short between the second and third reference points that
the seconddatercarningst avetal has deendisplaced ess than thesfirst distance. 8. The method as claimed
in claim 5 further comprising: 22 16 February 2007 providing the substrates includes the substrate
having a third t referente gpoitpand fsrther domiFrising: grevidinga second-intereanrect metal connected
to the third

first and second reference points that the first interconnect

metal has been displaced less than the first distance.

6. The method as claimed in claim 5 wherein:

providing the substrate includes the substrate having a further
reference point spaced from the first reference point; and
providing the first interconnect metal includes the first
interconnect metal having a further through hole provided
therein, the further through hole normally surrounding the
further reference point at a further distance with the first and
further reference points electrically unconnected, the first and
further reference points electrically connected when the first
interconnect metal is displaced more than the further distance
relative to the further reference point and contacts the further
reference point;

determining from an electrical short between the first and
further reference points that the first interconnect metal has
been displaced more than the further distance; and

determining from the lack of an electrical short between the

first and further reference points that the first interconnect
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reference point, the second interconnect metal having a through hole provided therein, the through hole
normally surrounding the second reference point at the first distance with the second and third reference
points electrically unconnected, the second and third reference points electrig%lly c%nnected :5/889 the
second interconnect metal is displaced more than the first distance relative to the second Yeference point

and contactstheisecondpraierencepointcdetesnining fem ae efactical shaktheiween the second and
third reference points that the second interconnect metal has been displaced more than the first distance;

and determining from the lack of an electrical short between the second and third reference points that
the second interconnect metal has been displaced less than the first distance; wherein: providing the
first interconnectynetat pravddessthelfisiiateri eonnectmetalvhaviag an additional through hole provided
therein, the additional through hole surrounding the third reference point at an additional distance with
the first angrthird defetence-paeinbelectiicaly uneannected Hbe dusiancs23: 16 &Hebrgary 2007+ third
reference points remaining unconnected when the second interconnect metal is displaced more than the
first distancesference point; and

further comprising:

providing a second interconnect metal connected to the third

reference point, the second interconnect metal having a through

hole provided therein, the through hole normally surrounding the

second reference point at the first distance with the second and

third reference points electrically unconnected, the second and

third reference points electrically connected when the second

interconnect metal is displaced more than the first distance

relative to the second reference point and contacts the second

reference point;

determining from an electrical short between the second and

third reference points that the second interconnect metal has

been displaced more than the first distance; and

determining from the lack of an electrical short between the

second and third reference points that the second interconnect

metal has been displaced less than the first distance.

8. The method as claimed in claim 5 further comprising:
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9. A substrate comprising: a first reference point and a second reference point spaced from the first
reference point; a first interconnect metal connected to the first reference point, the first interconnect
metal having a through hole provided therein, the through hole normally surr%ndin the sec%g

. : . . . . Fegr ar 7
reference point at a first distance with the first and second reference points being € ecflrlcaﬁy

unconnectegd; dhe firaband secarkkieferense points deing eleckicaly canredctad iwhen thefirsy
interconnect metal is displaced more than the first distance relative to the second reference point and
contacts the seeend tefeprngerpoiati@nd a first set of interconnect traces respectively positioned in a
fixed relationship to the first interconnect metal whereby displacement of the first set of interconnect
traces can bermieasureshiywith saspect to the second reference point. 10. The substrate as claimed in
claim 9 further comprising: a further reference point spaced from the first reference point; and wherein:
24 16 Febrparnv200h dhe fiest interconneetimetal das anteirther through hete provided thered, the further
through hole normally surrounding the

reference point, the second interconnect metal having a through

hole provided therein, the through hole normally surrounding the

second reference point at the first distance with the second and

third reference points electrically unconnected, the second and

third reference points electrically connected when the second

interconnect metal is displaced more than the first distance

relative to the second reference point and contacts the second

reference point;

determining from an electrical short between the second and

third reference points that the second interconnect metal has

been displaced more than the first distance; and

determining from the lack of an electrical short between the

second and third reference points that the second interconnect

metal has been displaced less than the first distance;

wherein:

providing the first interconnect metal provides the first inter

connect metal having an additional through hole provided

therein, the additional through hole surrounding the third

reference point at an additional distance with the first and

third reference point electrically unconnected, the first and
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further reference point at a further distance with the first and further reference points electrically
unconnected, the first and further reference points electrically connected when the first interconnect
metal is displaced more than the further distance relative to the further referen6ce Ep%nt and c%rbtggts the

further reference point, the further distance greater than the first distance, W}lereb?/ &ileﬁljét\fement of the

first set of intereennect dracescasphe measuied withJespect to the: Buther seferences peitall. The
substrate as claimed in claim 9 further comprising: a third reference point; a second interconnect metal

connected to,theribisdreterence: Pointstheisgeonddaterconnech metathaving athroughdrale provided
therein, the through hole normally surrounding the second reference point at the first distance with the
second and third reference points electrically unconnected, the second and third reference points
electrically connected when the second interconnect metal is displaced more than the first distance
relative to the secend sefesencecpaipt-ard agntacts the second reference point; and 25 16 February 2007
a second set of interconnect traces respectively positioned in a fixed relationship to the second
interconnect Metabwheedtyrence point and a second reference point spaced from

the first reference point;

a first interconnect metal connected to the first reference

point, the first interconnect metal having a through hole

provided therein, the through hole normally surrounding the

second reference point at a first distance with the first and

second reference points being electrically unconnected, the

first and second reference points being electrically connected

when the first interconnect metal is displaced more than the

first distance relative to the second reference point and

contacts the second reference point; and

a first set of interconnect traces respectively positioned in a

fixed relationship to the first interconnect metal whereby

displacement of the first set of interconnect traces can be

measured with respect to the second reference point.

10. The substrate as claimed in claim 9 further comprising:
a further reference point spaced from the first reference point;
and

wherein:
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displacement of the first and second sets of interconnect traces relative to each other can be measured.

12. The substrate as claimed in claim 9 further comprising: a third reference point; a second interconnect
metal connected to the third reference point, the second interconnect metal q%vin a throu h%bo
provided therein, the through hole normally surrounding the second reference poEi%t a]ilfﬁ‘é:ﬁrs dlse{ance

with the seeord and third referense points glectricallyunconnectesh thensecond and dhird reference

points electrically connected when the second interconnect metal is displaced more than the first

distance relative-tonthetsesond refesencapeint;and soatacts the1segosdr refarencepoimeand a second
set of interconnect traces respectively positioned in a fixed relationship to the second interconnect metal;

wherein: theifirshinterconseetivetab bas an-additianat threugh hetes previded therewn, the addisinnal
through hole surrounding the third reference point at an additional distance with the first and third
reference poiittelectricalieurconneste, the &rst cand thirdlreferance peints: temainmgrunconnested when
the second 26 16 February 2007 interconnect metal is displaced more than the first distance,
further reference points electrically connected when the first
interconnect metal is displaced more than the further distance
relative to the further reference point and contacts the further
reference point, the further distance greater than the first
distance, whereby displacement of the first set of interconnect

traces can be measured with respect to the further reference

point.

11. The substrate as claimed in claim 9 further comprising:

a third reference point;

a second interconnect metal connected to the third reference
point, the second interconnect metal having a through hole
provided therein, the through hole normally surrounding the
second reference point at the first distance with the second and
third reference points electrically unconnected, the second and
third reference points electrically connected when the second
interconnect metal is displaced more than the first distance
relative to the second reference point and contacts the second

reference point; and
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whereby displacement of the first and second sets of interconnect traces relative to each other can be
measured. 13. A method comprising: providing a substrate having a first reference point and a second
reference point spaced from the first reference point; providing a first intercon c}r%e etal conr;I 05e7d to the

first reference point, the first interconnect metal having a through hole provide eréﬂﬁa through hole

normally suraimneingithes seeend referenseqaint atantiist distancewitk the firsb and 1secandirgference
points being electrically unconnected, the first and second reference points being electrically connected

when the figst intercennect metal i displaced peres-thanithe Sfirsbdistancentetadivea she sgcond reference
point and contacts the second reference point; providing a first set of interconnect traces respectively

positioned tia fixed elationship totherfirskintereanreciometalzdetesnining &oavan etectrical sbert
between the first and second reference points that the first interconnect metal has been displaced more
than the firstdistance; 2616 &Februaty2007a detesmiriag drosd the lack of an electrical short between the
first and second reference points that the first interconnect
12. The substrate as claimed in claim 9 further comprising:
a third reference point;
a second interconnect metal connected to the third reference
point, the second interconnect metal having a through hole
provided therein, the through hole normally surrounding the
second reference point at the first distance with the second and
third reference points electrically unconnected, the second and
third reference points electrically connected when the second
interconnect metal is displaced more than the first distance
relative to the second reference point and contacts the second
reference point; and
a second set of interconnect traces respectively positioned in a
fixed relationship to the second interconnect metal;
wherein:
the first interconnect metal has an additional through hole
provided therein, the additional through hole surrounding the
third reference point at an additional distance with the first

and third reference point electrically unconnected, the first

and third reference points remaining unconnected when the second
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metal has been displaced less than the first distance; and measuring displacement of the first set of
interconnect traces with respect to the second reference point by the electrical short or the lack thereof.
14. The method as claimed in claim 13 wherein: providing the substrate incluq%s %h%substrateéggsfing a
further reference point spaced from the first reference point; and providing the fifst interconnéct metal

includes the firstrintercennestdnetal having afurtherthiowgh haleprexided; therei; thesfusther through
hole normally surrounding the further reference point at a further distance with the first and further

reference paints glgctacallyiunconeseteds thenfirst and tfurther ferenge foinfs gfectrically connected
when the first interconnect metal is displaced more than the further distance relative to the further

reference pointcansbeoniactsthe farthercreferensepointa datesmining from an elecidcal short between the
first and further reference points that the first interconnect metal has been displaced more than the first
distance; 28 16 February 2007 determining from the lack of an electrical short between the first and
further reference points that the first interconnect metal has been displaced less than the first distance;
and 13. A method comprising:

providing a substrate having a first reference point and a

second reference point spaced from the first reference point;

providing a first interconnect metal connected to the first

reference point, the first interconnect metal having a through

hole provided therein, the through hole normally surrounding the

second reference point at a first distance with the first and

second reference points being electrically unconnected, the

first and second reference points being electrically connected

when the first interconnect metal is displaced more than the

first distance relative to the second reference point and

contacts the second reference point;

providing a first set of interconnect traces respectively

positioned in a fixed relationship to the first interconnect

metal;

determining from an electrical short between the first and

second reference points that the first interconnect metal has

been displaced more than the first distance;
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measuring displacement of the first set of interconnect traces with respect to the further reference point

by electrical shorts or the lack thereof. 15. The method as claimed in claim 13 wherein: providing the

substrates includes the substrate having a third reference point; and furthergognerlggﬁé@rgvgjé%a '
nnect’métal having a

second interconnect metal connected to the third reference point, the secon INtErc

through hale peavided thereinothe-theough-hole marmally suereundingdhe rseqanevetarense point at the
first distance with the second and third reference points electrically unconnected, the second and third

reference pointselegtacallyconnectetwhenr theseeand tntercormectrmetal is displacedaere than the
first distance relative to the second reference point and contacts the second reference point; providing a

second setrgf tRterconnectaces kaspectively ositioned inresfixedretationsbipiodhe segond
interconnect metal; 29 16 February 2007 determining from an electrical short between the second and
third referenee paints thad 1he sacendinterconneet Metakhas eentdisplaced snoredban the-&est distance;
and

with respect to the second reference point by the electrical

short or the lack thereof.

14. The method as claimed in claim 13 wherein:

providing the substrate includes the substrate having a further
reference point spaced from the first reference point; and
providing the first interconnect metal includes the first
interconnect metal having a further through hole provided
therein, the further through hole normally surrounding the
further reference point at a further distance with the first and
further reference points electrically unconnected, the first and
further reference points electrically connected when the first
interconnect metal is displaced more than the further distance
relative to the further reference point and contacts the further
reference point;

determining from an electrical short between the first and
further reference points that the first interconnect metal has

been displaced more than the first distance;
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determining from the lack of an electrical short between the second and third reference points that the
second interconnect metal has been displaced less than the first distance; and measuring displacement
of the first and second sets of interconnect traces relative to each other by el trlca%shorts or g] lack
thereof. 16. The method as claimed in claim 13 further comprising: providing e substrates ificlu es the

substrate havingranthirth seferencerprintl and furthemcemprising providing a sesend intergeanect metal
connected to the third reference point, the second interconnect metal having a through hole provided

therein, therthreugh:hele normadly sueredndingdhe cseconduetarence peint at thenfirst distancerwith the
second and third reference points electrically unconnected, the second and third reference points
electrically eennected swhessthecsesond cistercennectiaetat iscdisplased aiase dhar theafirst distance
relative to the second reference point and contacts the second reference point; 30 16 February 2007
providing ansecond isetyofiintercanreaetiiraces reapedivebr positioned imadixedrelationshipde the second
interconnect metal,

with respect to the further reference point by electrical shorts

or the lack thereof.

15. The method as claimed in claim 13 wherein:

providing the substrates includes the substrate having a third
reference point; and

further comprising:

providing a second interconnect metal connected to the third
reference point, the second interconnect metal having a through
hole provided therein, the through hole normally surrounding the
second reference point at the first distance with the second and
third reference points electrically unconnected, the second and
third reference points electrically connected when the second
interconnect metal is displaced more than the first distance
relative to the second reference point and contacts the second
reference point;

providing a second set of interconnect traces respectively
positioned in a fixed relationship to the second interconnect

metal;
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determining from an electrical short between the second and third reference points that the second
interconnect metal has been displaced more than the first distance; determining from the lack of an
electrical short between the second and third reference points that the secon1d6intFer%onnect @ggajf has
been displaced less than the first distance; and measuring displacement of the fifst andsetofid sets of

interconnectdraces relative te sach otherdyrelecticaksharts ve thelack theregf anciwherein: providing
the first interconnect metal provides the first inter connect metal having an additional through hole

provided thereiry the additional theaughshele surronadingdbedhire veferenee peinkat an aglgitional
distance with the first and third reference point electrically unconnected, the first and third reference
points remaising uncopnected when thensecanek iMerconneactsmetat dés; disptaced more than the first
distance. 31
determining from the lack of an electrical short between the
second and third reference points that the second interconnect
metal has been displaced less than the first distance; and
measuring displacement of the first and second sets of

interconnect traces relative to each other by electrical shorts

or the lack thereof.

16. The method as claimed in claim 13 further comprising:
providing the substrates includes the substrate having a third
reference point; and

further comprising:

providing a second interconnect metal connected to the third
reference point, the second interconnect metal having a through
hole provided therein, the through hole normally surrounding the
second reference point at the first distance with the second and
third reference points electrically unconnected, the second and
third reference points electrically connected when the second
interconnect metal is displaced more than the first distance
relative to the second reference point and contacts the second

reference point;
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16 February 2007

providing a second set of interconnect traces respectively
positioned in a fixed relationship to the second interconnect
metal;

determining from an electrical short between the second and
third reference points that the second interconnect metal has
been displaced more than the first distance;

determining from the lack of an electrical short between the
second and third reference points that the second interconnect
metal has been displaced less than the first distance; and
measuring displacement of the first and second sets of
interconnect traces relative to each other by electrical shorts
or the lack thereof; and

wherein:

providing the first interconnect metal provides the first inter
connect metal having an additional through hole provided
therein, the additional through hole surrounding the third
reference point at an additional distance with the first and
third reference point electrically unconnected, the first and
third reference points remaining unconnected when the second

interconnect metal is displaced more than the first distance.
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