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The Invention relates to a multi-layered printed circuit board (1) comprising conductive test surfaces (/) on at least one inner layer
(2) for determining a possible misalignment of an inner layer or an inner layer structuring, the conductive test surfaces consisting of
ring structures (7.1) which are arranged in a row and define inner non-conductive different-sized surfaces (8.1). The inventive printed
circuit board also comprises metallised boreholes (5) in the region of the test surfaces. If there Is no misalignment or only negligible
misalignment, said boreholes (5) are located Iin the region of the inner, non-conductive surfaces (8.1). However, In the event of non-
negligible misalignment, at least one borehole (5) Is located In the region of one of the conductive ring structures (7.1) and thus
comprises a conductive connection to the ring structure (7.1). The test surface ring structures (7.1) are divided into segments (a, b,
c, d) In the peripheral direction, said segments (a, b, ¢, d) being separated from each other In the peripheral direction by non-
conductive separating regions (9).
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Abstract:

A multi-layered printed circuit board (1) compris-

ing conductive test areas (7) on at least one 1nner

P-
p—

layer (2) for determining a possible misalignment of an

inner layer, or a misalignment of an 1nner layer struc-
turing, respectively, wherein the conductive test areas
are comprised of ring structures (7.1) arranged 1n Irows

and defining inner, non-conductive areas (8.1) of varil-

ous sizes, and having through-contacting bore holes (5)

g

in the region of the test areas (7), whereln these bore

holes (5) are provided in the inner, non-conductive ar-
cas (8.1i) in case there is no misalignment or a negli-
gible misalignment, yet wherein, in case there 1s a
non-negligible misalignment, at least one bore hole (o)
is present in the region of one of the conductive ring
structures (7.i), thus having a conductive connection
with the ring structure (7.1i); the test area ring
structures (7.1i) are subdivided in circumferential di-
rection, thereby forming segments (a, b, ¢, d), the

segments (a, b, ¢, d) being separated from each other

in circumferential direction by non-conductive separat-

ing regions (9).
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Multi-Layered Printed Circuit Board with Conductive

Test Areas as well as Method for Determining a

vt —

Misalignment of an Inner Layer

The invention relates to a multi-layered printed
circuit board comprising conductive test areas on at
least one inner layer for determining a possible mis-

"
p—

alignment of an inner layer, or a misalignment of an

inner layer structuring, respectively, wherein the con-
ductive test areas are comprised of ring structures ar-
ranged in rows and defining inner, non-conductive areas
of various sizes, and having through-contacting bore

P

holes in the region of the test areas, whereiln these

ﬁ

bore holes are provided in the region of the inner,

non-conductive areas, 1n case there 1s no misalignment
or a negligible misalignment, yet whereln, 1n case
there 1s a non—-negligible misalignment, at least one
bore hole 1s present in the region of one of the con-
ductive ring structures, thus having a conductive con-
nection with the ring structure.

Furthermore, the invention relates to a method for

determining a possible misalignment of an 1nner layer,

or of an inner layer structuring, respectively, 1in a

- 1 -
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multi-layered printed circuit board, by means of con-
ductive test areas and through-contacting bore holes,
wherein at least one inner layer of the printed circuit
board is provided with test areas in the form of ring

structures arranged in rows, which ring structures each

define a non-conductive inner area, whereiln the 1inner

"

ferent

areas of the ring structures have a number of di:
sizes, and wherein, 1in case there 1s no misalignment or
a negligible misalignment, through-contacting bore

F

holes provided in the region of the test areas are pre-

sent in the region of the inner areas, and 1n case

there is a misalignment, they are present at least in-

dividually in the region of a conductive ring structure
and form a conductive connection with the latter,
whereby, when a voltage 1s applied between the Dbore

holes and the ring structures, depending on the mis-

I H

alignment, a short circuit 1s found 1n certaln pairs o:
bore holes and ring structures, from which the mis-

alignment of the inner layer, or inner layer structur-

ing, respectively, 1s concluded.

Tt has been known that registering errors of 1ndi-
vidual layers of the printed circuit boards and/or of

structurings on such layers result repeatedly during

- 7 =
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the production of multi-layered printed circuit boards,
these registering errors, also termed 1nner layer off-
sets, being the more critical, the higher the density

P

of the components to be applied on the printed circuit

boards, and the narrower the conductive tracks of the
structurings on the layers of the printed circuit
boards. These registering errors are due to various 1in-
fluences prevaliling during the production of the
printed cilrculit boards, material elongations and mate-
rial shrinkages during the production process beiling a

maln cause thereof. Other causes may reside 1n a warp-

ing of the inner layers durling the pressing of multi-
layer stacks, yet also 1n so-called i1mage transfer er-
rors that might occur when carrying out photo-etching

techniques. Above all, also film changes occurring dur-

1ng the production process may result 1n an i1nner layer
offset or i1n an offset of structurings provided on 1n-

ner layers.

In US 6,297,458 B, a technique has been proposed

1n order to examline printed circult boards for a mis-

alignment of inner layers by using specially structured

test areas in a non-distructive measurement method. In

thlis case, ring-shaped test areas are provided on dif-

- 3 —
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ferent inner layers of the multi-layered printed cir-
cuit boards, which test areas have different radial
widths, so that the circle areas which are present 1in-

side the circular rings and non-conductive, have dif-

ferent sizes and diameters, respectively. The annular
test areas are arranged on an 1nner layer separated
from each other, whereas on another inner layer they
are interconnected by conductive material strips. In
the region of these ring structures, bore holes are
then made which are copper-plated, 1.e. through-
contacted bore-holes. During the test for determining
the registering error or the misalignment, test needles
are introduced 1in parallel to each other into these

bore holes by means of a needle tester, and with the

help of a further needle, a contact 1s provided to the
conductively interconnected rings. Depending on the
misalignment, none, one or several needles come 1nto
contact with the ring-shaped test areas resulting in a

short circult, and depending on in how many needles

such a short-circuit 1s found, the magnitude, i1.e. the
amount of the misalignment, 1n a direction given by the
direction of rows of the ring-shaped test areas can be

determined. What 1s disadvantageous 1in this known tech-

- 4 -
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nique is that an offset of i1nner layers or inner layer

structures in one row of test areas can only be deter-

P

mined in one direction; 1f an offset 1s to be deter-

mined also in another direction, a row of ring-shaped

test areas must be provided also in this direction on

F F

ecach one of the two observed inner layers of the

printed circuit board.

From the internet site www.perfectest.com on the
other hand, a technique for determining regilstering er-
rors at inner lavers of printed circuit boards 1s dis-
closed, in which in x-direction and in y-direction

elongate areas are provided in pairs the thickness of

which increases or decreases stepwise. Ideally, the

through-contacting bore holes produced thereatfter are

present in the space between these conductive areas

P

(earth areas), without making contact with one of these

P

earth areas; 1in case of an offset of one 1nner layer

relative to the other one, however, individual ones or
all the bore holes will come to lie relative to these
earth areas such that they make contact with these.

Here, there are test area groups arranged in two direc-

tions in order to detect an offset 1n these two direc-

tions, and also to be able to determine the amount

_5...
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thereof due to the gradings of the earth areas. The

amount of the offset will result from determining which

¢ 1)

the row of needles in the needle tester still

needle o:
detects a short circuit with earth (ground), and which
needle as the next one does no longer do so. Yet, also
here, a rather restricted checking of registering. er-
rors 1s possible at comparatively high expenditures.
It is now an object of the invention to provide a
multi-layered printed circuit board, and a method of
determining a misalignment at inner layers of such
printed circuit boards, respectively, wherein 1t shall
be possible on the basis of special structures of the

test areas to determine a misalignment not only 1in

terms of its amount, but also according to random di-

rections, in a simple manner depending on the aim en-

visaged. In particular, the test area structures for
this shall be comparatively simple and also space-
saving.

To achieve this object, the invention provides a
multi-layered printed circuit board as well as a method
for determining a possible misalignment of an inner
layer, or of an inner layer structuring, respectively,

in a multi-layered printed circuit board according to
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the 1ndependent claims. Advantageous embodiments and

further developments are the subject matter of the de-
pendent claims.

According to the i1nvention, the test area ring
structures are segmented so that i1n each case there re-
sult several segments separated from each other in cir-

cumferential direction by non-conductive separating re-

gions. It should be mentioned here that the ring struc-

tures need not necessarily be exactly circular, but,

depending on the individual case of application, may
also be more or less oval, or comparatively angular, in
the manner of an out-of-roundness. As a rule, however,
a misalignment determination of the same type 1in all
the angular directions that are possible and desired

wilill be sought, and for this i1t will be advantageous if

1n each case equally sized segments are provided, and

' -

1f the segments 1n each case are circle segments, i.e.

segments of circular rings as 1individual test areas.

-

Depending on the number of segments, there may be a

comparatively rough or a fine differentiation concern-
1ng the misalignment of the inner layers, and a par-
ticular good compromise 1in which also the misalignment

according to the direction can be determined suffi-

T~
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ciently, an embodiment has been found in which four
segments are provided for each ring structure. To sim-
plify the evaluation of the measurement results, 1t 1s
furthermore suitable 1f at each ring structure, the
non-conductive separating regions separating the seg-

F

ments from each other are of equal width, so that the

pr——

distances of the segments from each other will be

equally large. In particular, 1t 1s advantageous 1f the
separating regions between the segments of all the ring
structures of one row all have the same width.

For determining registering errors of inner lay-

ers, according to a simple, particularly preferred em-

bodiment it is provided that through-contacting bore
holes extend from a printed circuit board layer on
which they are provided with contact areas, towards an

inner layer provided with test area ring structures.

Thereinstead or, preferably, also 1n addition thereto
it 1s also suitable 1f through-contacting bore holes
extend from an inner layer provided with test area ring
structures towards another printed circuit board layer

which comprises a common, coherent conductive area as

contact area for the bore holes. In this manner, that

misalignment, or that partial contribution to the total

- 8 -
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misalignment which is given simply by the misalignment
of the photo process during structuring relative to the
boring process can be determined separately.

With the technique according to the invention, not

P

only a resolution as fine as desired 1s possible for

the amount of the misalignment through the special test
area structure, but also the direction of the misalign-
ment can be determined in a simple manner, as has been

mentioned, this directional determination also allowilng
for a practically random small angular subdivision, de-

pending on the number of ring segments used. As has

been mentioned, preferably four segments each are pro-
vided, since, as practical tests have shown, as a rule
these are sufficient; it is, however, also conceivable
to use six or eight ring segments, e.g., per test area
ring structure in order to enable an even finer angular
division. Yet, on the other hand, also merely three
ring segments may very well suffice in order to be able
to determine the orientation of a misalignment of an
inner layer, or of a structuring, respectively, with

sufficient precision.

With the help of such a measurement technique, as

has been described, not only multi-layered printed cir-

- 9 -
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cult boards can be checked in a simple manner for inner
layer (structure) registering errors, moreover, such a
determination of a misalignment can also be effected

accompanying the production of such printed circuit

boards 1n order to be able to correctively interfere in

the production of the printed circuit boards in accor-
dance therewlith so that rejects of printed circuit

boards with excessive registering errors can be reduced

thereby.

In the following, the 1nvention will be explained

in more detail by way of preferred exemplary embodi-

ments to which, however, 1t shall not be restricted,

and with reference to the drawings. In the drawings, in
detail,

FF1ig. 1 shows a schematic cross-section through a
part of a multi-layered printed circuit board in the
region of test area ring structures, with two inner
layers being 1llustrated one above the other;

F'1ig. 2 shows a schematic top view onto a row of
test area ring structures which each are segmented;

Fig. 3 shows the alignment of such segmented ring

structures relative to through-contacting bore holes

and connecting areas of the test areas segments on

- 10 -



CA 02600257 2007-08-29

outer layers 1n a schematic top view,

Fig. 4 shows a test area ring structure having

four circle segments as well as a schematically i1llus-

trated bore hole in an 1llustration enlarged relative

to Fig. 2, whereln the different geometric parameters

important for determining the misalignment are shown;
and

Fig. 5 shows a part of a multi-layered printed
clrcult board 1n a schematic cross-sectional represen-
tation similar to Fig. 1, yet here the lower inner

layer 1s provided with a coherent, common earth area,

and the upper inner layer 1s provided with test area

ring structures having ring segments.

F

In Fig. 1, a sectional part of a multi-layered

printed circuit board 1 is schematically illustrated in

cross—-section. On an 1nner layer 2 which, according to

—

the 1llustration of Fig. 1, 1s the lower inner laver,

pattern 3 of conductive test areas is provided, and for
this purpose, usual photo-etching technigques as are

common 1n the course of structuring of conductive lay-

ers of printed circult boards, or printed circuit board
layers, respectively, may be used. One example of such

a pattern 3 will be explained in more detail hereinaf-

_11_
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ter by way of Fig. 2. From an inner layer 4, which 1is

the upper 1inner layer according to Fig. 1, bores 5 ex-

tend , e.g. through a synthetic resin layer not further

denoted 1n the drawing, towards the lower 1nner layer

2. These bores, called bore holes 5 hereinafter, are
coated with a conductive material, 1n particular cop-
per, on their inner wall, and on the upper side, on the

lower side of the upper inner layer 4 - e.g. also by

means of a conventional photo-etching technique proc-

ess, - contact areas 6 for contacting the bore holes 5

are provided. These contact areas 6 or earth areas ap-

propriliately are also termed “lands”. Copper-plating of
the bore holes 5 1s denoted by 5A 1n Fig. 1, and the
bore holes 5 thus obtalned commonly are denoted as
“through-contacting bore holes”.

In the embodiment according to Fig. 1, the bore

holes 5 are made from the upper inner layer 4 towards

the lower 1nner layer 2, and after the boring process

and after copper-plating of the bore holes 5, the pat-

tern of the contact areas 6 1s provided, i.e. struc-
tured, on the upper 1inner layer 4 during the aforemen-

tioned photo process.

As can be seen from Fig. 1, the bore holes 5 meet

- 12 -
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conductive test areas 7 of the pattern 3 on the lower
inner layer 2 which 1s due to a misalignment or a reg-

1stering error between the two i1nner lavyers 2, 4. Ide-

ally, the bores would meet non-conductive areas of the

pattern 3, as 1llustrated in detalil hereinafter by way

of Figs. 2 and 4.

According to Fig. 2, the test area pattern 3 con-

sists of a row of test area ring structures 7.1,
7.2,...7.1, wherein, preferably, cilrcular ring struc-
tures as 1llustrated i1in Fig. 2 are provided. These ring
structures 7.1, with 1=1, 2,...n (1n the example shown,
n=4), each, by way of example, exhibit four circular
ring segments a, b, ¢ and d. These ring structures 7.1
define, 1.e. enclose, each an i1nner circular, non-
conductive area 8.1, 8.2,...8.1...8.n. The radii R.1i,
with 1=1, 2,...n, of these non-conductive, circular 1in-

ner areas 8.1, become increasingly larger in row direc-

tion within such a row pattern 3 of test areas, as 1is

visible from Fig. 2. For the example illustrated, with

n=4, thus 1t can be specifically written: R.4 > R.3 >

R.2 > R.1. The radius difference AR

R.Z2 - R.1 etc.

can be chosen to be as fine as desired, depending on

the productlon tolerances, and, thus, such a test area

- 13 -
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row 3 will cover a measurement range with freely se-
lectable graduation for determining the amount of a
misalignment between the inner layers concerned, e.g;
the inner layers 2 and 4 according to Fig. 1.

Moreover, structuring of the ring structures 7.1
with the ring segments a, b, ¢ and d which are electri-
cally separated from each other by non-conductive sepé—
rating regions 9 will make 1t possible to determine the
direction of the misalignment or warp, 1.e. the regis-
tering error. Depending on the number of ring segments,

a, b, ¢, d,..., a more or less fine resolution will re-

sult, by means of which the directional deviation in
the orientation of the inner layers relative to each
other can be determined.

The specially structured test areas or earth areas
7.1 of the pattern 3 appropriately are also termed “fi-
ducial” , and as has already been stated in the begin-

ning, basically such a non-destructive measurement

method for determining registering errors between inner
layers or 1nner layer structures by means of such fidu-

cials has been known. With the present technique, how-

.

ever, quite a special structuring of these fiducials or

test areas 7.1 has been provided so as to be able to

- 14 -
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determine a misalignment between inner layers both 1n
terms of 1ts amount and also 1n terms of i1ts direction.
Accordingly, with the present technique, the determina-

F

tion of the total offset between 1nner layers and, fur-

thermore, also the separate determination of i1ndividual

influences on the total offset are enabled, cf. also

the following description of Fig. 5.

Before discussing 1in detail the principle of the

P

determination of the misalignment by way of the geo-

metries provided and with reference to Fig. 4, the lay-

out of a test area row 3 shall be explained by way of

H

Fig. 3 in a schematic top view, wherein for the sake of

simplicity, conductive areas have been drawn in full

lines in Fig. 3, even though they are provided on vari-

F

ous layers of the multi-layered printed circult board

1.

In detail, in Fig. 3 the test area ring structures
7.1 provided on an inner layer, e.g. on 1lnner layer 2
according to Fig. 1, can be seen having the circular
ring segments a, b, ¢ and d according to Fig. 2 and not
further denoted in Fig. 3, and within the latter, a

through-contacting bore 5 1s visible in the individual

ring structures, which bore 5 has an associated ring-

_15_..
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shaped contact area 6 on another inner layer (inner

layer 4 in Fig. 1). For providing an electric connec-

tion, the individual ring segments a, b, c¢c and d of the
ring structure 7.i have associated contact areas 10.a,
10.b, 10.c and 10.d on an outer layer, and through-
contacting bore holes 5' are provided in a comparable
manner for an electric connection with the respective
circular ring segments a, b, ¢ and d. Such an arrange-
ment is provided for each ring structure of the row or
of the row-like pattern 3, wherein the 1nner diameters
of the ring structures, i.e. the radii r.1i of the non-
conductive inner areas 8.1 (cf. Fig. 2) or, generally,
the size of the inner non-conductuive areas 8.1, 1n-
creases step-wise in row direction. It should be men-
tioned here that, in principle, the ring structures 7.1
may also have shapes that deviate from an exact circu-
lar ring shape, such as oval shapes or also square
shapes with rounded corners etc., an exact circular
ring shape, however, being preferred with a view to the
uniformity of the prerequisites prevailing in all the
detectable measurement directions and required for the

determination of the misalignment.

Ideally, if there is no, or practically no, mis-

- 16 -



CA 02600257 2007-08-29

alignment between the 1nner layers, or 1nner layer
structures, respectively, all the through-contacting
bore holes 5 will encounter the i1nner, non-conductive
areas 8.1 of the test ring structures 7.1. Now, 1f due
to an 1nner layer or bore misalignment, a bore hole 5
touches a ring segment a, b, ¢, d, optionally also two
adjacent ring segments simultaneously, a short circuit
wlll occur between the through-contacting bore hole 5,

to be more precise, the contact area © on the upper in-

ner layer 4 according to Fig. 1 and the corresponding

ring segment a, b, ¢ or d of the respective ring struc-

ture 7.1 when a voltage 1s applied. Due to the increas-

1ng size of the radii R.1 of the 1nner, non-conductive
areas 8.1, the amount, 1.e. the magnitude of the mis-
alignment, can be determined by evaluating at which

ring structure 7.1 a short circuit as described has

(still) occurred. Since the ring segments a, b, c, d
are electrically separated from each other, also the
direction of the misalignment can be determined by de-

termining the respective ring segment with which a

short circuit exlsts. This will be explained in more

detail hereinafter by way of Fig. 4.

In Fig. 4, a test area ring structure 7.1 1s sche-

- 17 -
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matically illustrated in top view, which has a circular
ring structure and has four circular ring segments a,
b, ¢ and d. As has been mentioned, these circular ring
segments a, b, ¢, d are separated from each other by
non-conductive separating areas 9 which each have the
same width, the width of these separating regions 9 be-
ing denoted by A.i in Fig. 4. The non-conductive inner
circular area 8.1 has a radius R.1i, and in the example
illustrated, the individual ring segments a, b, ¢ and d
have the same radial width D. This width D may, how-

—
pr—

ever, very well vary, such as if in case of a radius

R.i that increases from one test area ring structure toO
the next one, the outer radius of the circular segments
remains equal, so that then the width D, or rather D.1,

will successively diminish (D.i1 = R.external - R.1).

Moreover, by two circular rings, two through-

contacting bore holes 5, 5a are illustrated which are

made from a different inner layer to that inner layer
which contains the ring structure 7.i, bore hole 5 1n
the example illustrated simultaneously meeting the two
ring segments b and c¢ and, thus, providing a short clr-
cuit to these two ring segments b, c¢; bore hole o5a,

however, meets the ring segment c and just touches ring

- 18 -
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segment b. The diameter of each bore hole 5, and o5a,
respectively, is denoted by R. The distance between the
center of the circular, non-conductive inner area 8.1
and the center of the ring segments, ¢ or d, €.g., 1S
indicated in Fig. 4 by L, and by L.1 more precisely.

As has been mentioned, ideally, when there 1s no
misalignment between the inner layers, 2 and 4, e€.g.,
in Fig. 1, the bore holes 5 will be located substan-
tially precisely in the middle of the inner circular,

non-conductive areas 8.1i. If, however, the 1inner layers

W

2, 4 are offset relative to each other, the bore holes

F

5 will not hit the middle of these areas 8.1 or, gener-

ally, of the ring structures 7.i, but they will be
shifted to the conductive test areas, 1i.e. towards the
ring segments a, b, ¢ and d of the ring structures 7.1,

Thus, if the offset V is larger than (R.i - R), the

bore hole 5 will hit at least one ring segment a, b, C,

d. Due to the copper-plating of the bore holes 5, thus
the short circuit between the respective bore hole o
and the respective ring segment a, b, ¢, d can be

noted, it being possible to draw conclusions to the

amount of the offset V e.g. according to the followilng

Table 1.
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Table 1:

One bore 5 meets Amount of offset

ring segments

of the 1% fiducial 7.1 |V > R.1 - R R.1 > R
of the 2 fiducial 7.2|V > R.2 - R R.2 > R.1
of the 3¢ fiducial 7.3 |V > R.3 - R R.3 > R.Z
of the 4" fiducial 7.4 |V > R.4 - R R.4 > R.3
of the i*® fiducial 7.i|V > R.i - R R.i > R.i-1

The amount of offset V thus results from that
short circuit which occurs at the fiducial (at that

ring structure) with the largest radius.

From the short circuit of a through-contacting

bore hole 5 with a specific circular ring segment a, b,

c and/or d, furthermore the angular orientation of the

of fset V can be determined, and in the exemplary em-

bodiment illustrated having four circular ring segments

a, b, ¢ and d per ring structure, or fiducial 7.1, re-

spectively, the angular orientation of the offset V can

be determined approximately according to the followilng

Table 2:
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Table 2:
A bore hole encounters Angle of offset V
ring segment
d+a 360° - o < V < «o
a a < V< 90° - «a
a+b 90° - a < V < 90° + «
o 90° + o0 < V < 180° - «
b+c 180° - a < V < 180° + «
C 180° + o < V < 270° - «
c+d 270° - o <V < 270° + «
d 270° + a < V < 360° - «
For angle a 1t holds:
A.i
tm3==jR—_§i_
B L.i , with

Limri 2
Real exemplary values are:

R = 90um

A = boum

D = 200um

R.1 = 225um (9mil)

R.2 = 250um (10mil)

21
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R.3

275um (11lmil)

R.4 300pm (12m1i1l)

J

From this, Oresults with approximately 10°.

The angle a according to the previous designation
corresponds to a maximum respective angle and defilines
the resolution with which the deviation of direction of

the inner laver offset can be determined. For the given

values and a fiducial structure with four ring segments
a, b, ¢, d, the resolution of the angle range 1s ap-
proximately 20° (=2x10°), if the bore 5 hits two ring
segments, b, and ¢, e.g., and approximately 70° (=90"-
2%x10°), if the bore 5 hits one ring segment only, c,

P

e.g.. If the number of ring segments 1s eight, the two

angular resolutions for the aforementioned example val-

ues will be approximately equal and will amount to ap-

proximately 20°. Since with changing radii R.i and

widths D.1 also the lengths L.1 will change, strictly

speaking a changing angle a.1 will result, too. At con-

stant A, the angular resolution a.1 will change within

the fiducial row. In order to keep the angular resolu-

tion a.1 constant, the value A (-> A.1) must be changed

within one fiducial row. One variant to the structure

- 77 -~
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described thus consists in making the value A.1 smaller
wlth increasing radius R.i. For design reasons, also

the width D of the ring segments could vary within one

fiducial row (D.1, D.2, ..., D.1). Thus, the previous

Table 2 would change accordingly.

The number of the circular ring segments for each
ring structure 7.1 can be chosen at random 1n depend-
ence on the printed circuit boards produced, on the
process parameters and on the bore hole diameters used.
The larger the number of ring segments, the finer the
angular resolution as previously 1ndicated, and the

calculation according to the previous Table 2 will have

to be changed accordingly. On the other hand, the mag-

F

nitude of the radii R.1 as well as the number of the

ring structures 7.1 determine the measurement range for

the range of the inner layer offset V. In principle,

the number of the ring structures per row can be chosen

as high as desired, yet on account of the space re-

qulired therefor, as well as on account of the measure-

ment range actually relevant in practice, 1t will be

restricted to relatively few ring structures.
Depending on the individual case, the distance A

(or A.1, respectively) between the circular ring seg-

_23_
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ments a, b, c, d may be chosen of equal size for all

the ring structures 7.1, or it will be adapted to the
size of the respective ring structure 7.1, e.g. chosen
to be increasingly larger with the size of the ring
structure. Similar considerations also hold for the ra-

dial width D of the ring segments a, b, ¢, d. In many

cases, however, it 1s preferable to chose all the ra-
dial widths D and distances A within a respective ring
structure to be of equal size.

e

In Fig. 5, a section of a multi-layered printed

circuit board 1 is shown in a cross—-sectional 1illustra-
tion similar to Fig. 1, in which, again, Dbore holes 5
are made from an inner layver 4, which is an upper layer

according to this illustration, towards a lower inner

layer 2. Different from Fig. 1, however, according to

Fig. 5, after the boring and copper-plating procedure,
the ring structures 7.1 of one fiducial row 3 on the

upper inner layer 4 are structured. Preferably, in ad-

dition to the bores 5 for the fiducial row 3 on the

lower inner layer 2 according to Fig. 1, for thus meas-

uring the total offset between the layers 2 and 4, the
bores 5 according to Fig. 5 are made which end on the

lower inner layer 2 on a common, continuous conductive

- 24 -
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area (earth area) as contact area 11. The photo-

structuring of the upper inner layer 4 for forming the
upper row or the upper pattern 3 according to Fig. 5
occurs after the bore holes 5 have been bored and cop-

per-plated. Depending on how the photo-process on the

J

upper inner layer 4 is misaligned relative to the bores

5, again certain ring segments of the individual ring
structures 7.1, similarly as explained before, will now
be short-circuited, however, on the upper 1nner layer 4

with the earth area 11 on the lower 1nner layer 2. From

this, in analogy to the previous description, 1t will

be possible to determine the misalignment of the struc-

-

turing of the upper inner layer 4, 1i.e. the offset of

the photo-process, relative to the bores (bore holes 5)

in terms of amount and direction. In thils manner, par-

ticularly that contribution to the total offset can be

determined separately which occurs due to the offset otf
the photo-process relative to the boring process.

In order to be able to measure the respective in-
ner layer offset on the outer layer of the printed cir-

cuit board 1 in accordance with the previously de-

scribed measurement technique, the electrical connec-

P-

tions, as previously already explained by way of Fig.

- 25 -
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3,

L

‘or the individual inwardly arranged, conductive ar-
eas, e.g. the ring segments a, b, ¢, d, and for the
through-contacting bore holes 5, and their contact ar-
eas 6, respectively, are guided to the outer layer of
the printed circuit board 1. As 1s furthermore known

per se, the short-circuitings possibly occurring are

then detected with a needle tester 1n a parallel proc-
ess on the surface of the printed circuit board and
evaluated in a computer so as to automatically deter-

mine the amount and the direction of the respective 1in-

ner layer offset V.

- 7276 -
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Claims:

1. A multi-layered printed circuit board (1) compris-
ing conductive test areas (7) on at least one inner
layer (2) for determining a possible misalignment of an
inner layer, or a misalignment of an inner layer struc-
turing, respectively, wherein the conductive test areas
are comprised of ring structures (7.1) arranged 1n rows
and defining inner, non-conductive areas (8.1) of vari-
ous sizes, and having trough-contacting bore holes (5)
in the region of the test areas (7), wherein these bore
holes (5) are provided in the inner, non-conductive ar-
eas (8.1) 1n case there is no misalignment or a negli-
gible misalignment, yet wherein, in case there 1s a
non-negligible misalignment, at least one bore hole (5)

P

is present in the region of one of the conductive ring

structures (7.1), thus having a conductive connection

with the ring structure (7.1i), characterized 1in that

the test area ring structures (7.1) are subdivided 1in
circumferential direction, thereby forming segments (a,
b, ¢, d), the segments (a, b, ¢, d) being separated
from each other 1n circumferential direction by non-

conductive separating regions (9).

_27_
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2 . The printed circuit board according to claim 1,
characterized in that each ring structure (7.1) com-

prises segments (a, b, ¢, d) of equal size.

3. The printed circuit board according to claim 1 or

P
=

2, characterized in that the segments (a, Db, c, d) of

each ring structure are circle segments.

4, The printed circuit board according to claim 3,

characterized in that the circle segments (a, b, ¢, d)

n

of all the ring structures (7.1) of one row (3) have

the same radial width (D).

LB

o. The printed circuit board according to any one of

claims 1 to 4, characterized 1n that four segments (a,

b, ¢, d) are provided for each ring structure (7.1).

i}

0. The printed circuit board according to any one of
claims 1 to 5, characterized 1n that for each ring

structure (7.1), the separating regions (9) have the

same width.
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7. The printed circuit board according to any one of
claims 1 to 6, characterized in that the separating re-
gions (9) between the segments (a, b, ¢, d) of all the

ring structures (7.1) of one row (3) all have the same

width (A).

8 . The printed circuit board according to any one ot

claims 1 to 7, characterized in that through-contacting

bore holes (5) extend from one printed circult board
layer (4), on which they are provided with contact ar-

cas (6), towards an inner layer (2) provided wilth test

area ring structures (7.1).

9. A printed circuit board according to any one of
claims 1 to 8, characterized in that through-contacting
bore holes (5) extend from an inner layer (4) provided
with test area ring structures (7.1) towards another

printed circuit board layer (2) which have a common,

continuous, conductive area as contact area (11) for

the bore holes (5).

10. A method of determining a possible misalignment

i

of an inner layer (2) or of an inner layer structuring

- 20 -
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in a multi-layered printed circuit board (1) with the
help of conductive test areas (7) and through-
contacting bore holes (5), wherein at least one 1inner
layer (2) of the printed circuit board (1) is provided
with test areas (7) in the form of ring structures
(7.1) arranged in rows, which ring structures each de-
fine a non-conductive inner area (8.1i), wherein the 1in-

ner areas (8.1i) of the ring structures (7.1) of one row

are different in size, and wherein through-contacting
bore holes (5) arranged in the region of the test areas
are present in the region of the inner areas (8.1), 1n
case there is no or a negligible misalignment, yet are
at least individually located in the region of a con-
ductive ring structure (7.1) in case there is a mils-
alignment, and form a conductive connection with said
conductive ring structure (7.1), whereby, when a volt-
age 1s applied between the bore holes (5) and the ring

structures (7.1i), depending on the misalignment, a

short-circuit will be found with certain palrs of Dbore
holes and ring structures, from which conclusions will
be drawn on the misalignment of the 1nner layer (Z4), Or

inner layer structuring, respectively, characterized 1n

that the test area ring structures (7.1) are provided

- 30 -
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in segmented form, wherein the respective test area
segments (a, b, ¢, d) of one ring structure are pro-
vided separated from each other by non-conductive sepa-
rating regions (9), whereby, depending on which segment
(a, b, c, d) has a conductive connection with a bore
hole (5), beside the magnitude of the misalignment also
the anqgular orientation of the misalignment can be de-

termined.

11. The method according to claim 10, characterized
in that the test areas (7) of one row are formed by

groups of circular ring segments (a, b, c, d).

12. The method according to claim 10 or 11, charac-

terized in that four segments (a, b, ¢, d) are provided

for each ring structure (7.1).

13. The method according to any one of claims 10 to
12, characterized in that the through-contacting bore
holes are made from another printed circult board layer

towards the inner layer provided with the test area

segments.
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14. The method according to any one of claims 10 to

13, characterized in that on the printed circuit board

layer (4) starting from which the through-contacting
bore holes (5) are made, test area segments (a, b, ¢,
d) are arranged simultaneously with the structuring of
this layer, whereas on the i1inner layer (2Z2) towards
which the bores (5) are made, a common, continuous con-

ductive area (11) 1is applied.

15. The method according to claim 14, characterized

in that the test area segments (a, b, ¢, d) are applied

in a photolitographic process only after the bore holes

(5) have been provided.
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3/3

FIG. 4
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