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(54) Titlee STRUCTURED CIRCUIT BOARD AND METHOD

Fig. 3

(57) Abstract: A circuit board (1) isprovided comprising aplurality of insulating layers, at least one ground layer and at least one
layer comprising signal traces. The circuit board comprises et least a first conductive via (17) and a second conductive via (17).
The first conductive via and the second conductive via penetrate through at least afirst insulating layer of the plurality of insulat-
ing layers and are connected to a signal trace. The first conductive via and the second conductive via are arranged adjacent each
other. At least in the first insulating layer the first conductive via and the second conductive via are separated in afirst direction of
separation (R) by afirst adjustment portion comprising a dielectric material property different from the first insulating layer.
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STRUCTURED CIRCU T BOARD AND METHOD

TECHNI CAL FI ELD
The present disclosure relates to the field of electric
circuit boards, in particular to multi-layered electric circuit

boards and to connectors conprising the sane.

BACKGROUND

It is generally known that signals, in particular high
frequency signals, which are transmtted through transm ssion
lines may suffer from insertion |osses. The nmagnitude of the
insertion |oss depends on the signal frequency, the transm ssion
line geonmetry and the material properties. The magnitude of the
insertion loss is generally indicated in units of dB loss, 0O dB
meaning no loss, -6 dB neaning a loss of a factor two conpared
to the incident value and -20 dB indicating a loss of a factor
ten. A signal transmtted through a transmssion |ine having a
first portion with one geonetry bordering a second portion wth
another geonmetry may suffer significant |osses at the border
between the first and second portions.

It is further generally known that transm ssion |ines

arranged close to each other may exhibit signal cross talk. Also

this effect is dependent on the signal frequency and on the
geonetries and the material properties of the transmission |ines
concerned .

Qoviously both insertion loss and <cross talk are
undesirabl e and nuch research effort is spent desi gni ng
transm ssi on i nes and/ or i nterconnecti on devi ces, such as

connectors, wherein these effects are reduced or prevented for
one or nore particular frequenci es, preferably over wde

frequency ranges.
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The nost effective nmethods found to date include wdely

separating the affected conductors and/or providing additional

conponent s for shielding and/or gr oundi ng i n-between them
However, these solutions counteract the ongoing strive for
smaller, less costly devices which preferably also are suited

for transmtting a plurality of signals at wvarious high
frequenci es .

US 2002/0027020 discloses a through-hole structure for
connecting a connector to a printed circuit board, the through-
hole structure conpri sing a signal t hr ough- hol e havi ng a
conductive layer therein for supplying a signal to the printed
circuit board, power through-holes having a conductive |ayer
therein for supplying power to the printed circuit board, and
dielectric constant adjusting portions formed anong the signal
t hr ough- hol e and the power t hr ough- hol es. The through-hol e
structure is provided to reduce interference and noise in a
connector portion of a printed circuit board connected to a high
frequency connector, in which the signal t hr ough- hol e is
surrounded by the power through-holes.

US 2006/ 0255876 discloses a conpact via transm ssion
line for a printed circuit board having preferred characteristic
i npedance and capable of mniaturizing the printed circuit board
including a nultilayer printed circuit board, and extending the
frequency range of a via transmssion line nounted on the
printed circuit board, and a design nethod of the sanme. The
transmssion line has a central conductor formng an inner
conductor |ayer boundary nmake up a signal via hole, a plurality
of via holes arranged around the central conductor form an outer
conductor |ayer boundary, and a plurality of conductor plates
formed of a printed circuit board conductor layer, is further
provided with a constitutive parameter adjustnment clearance hole
between the inner and outer conductor |ayer boundaries of the

conpact via transmssion line, and electrically isolates to
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prevent cross-talk of a signal propagating through a signal via
hole with other signals in a high-frequency signal band. The
disclosed via transmission lines are of the coaxial type, wth
each signal via hole being surrounded by a shield of ground via
hol es.

It is an object of the present disclosure to provide
i mproved interconnection devices for high frequency signals,
preferably at |ow voltages (below 5v), which are conpatible wth
increased demands for mniaturisation, low noise levels and

manuf acturing cost-effectiveness.

SUMVARY

In a first aspect, a circuit board according to claim 1
is provided. The first and second conductive vias facilitate
connection, e.g. of connector contacts, to the signal traces.
The first adjustnent portion allows adjustnment of the inpedance
of the first and/or second conductive vias to an appropriate
value by providing the adjustnent portion wth one or nore
appropriately selected dielectric nmaterial properties. In this
way, signals traveling through conductive vias separated in such
way exhibit less interaction than in the absence of the first
adj ust nent portion. Further and/or alternatively, the first
adjustnment portion allows reducing the separation between the
conductive vias, and thus an object size, while any interaction
between signals transmtted through the conductive vias may be

mai nt ai ned below a predeterm ned |[evel.

The dielectric mat eri al property affected by the
adj ust nent portion my be at |[east one of the relative
dielectric const ant, t he rel ative permttivity and t he

absorption of the material.
The first insulating layer may conprise portions wth
dielectric mat eri al properties at different | ocati ons. The

adjustnment portion is configured to provide a local variation of
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the dielectric material properties conpared to the insulating
| ayer material surrounding the first and second conductive vias
and/or the adjustnment portion so as to adjust the interaction
and/ or inpedance to an appropriate value. The adjustnent portion
may conprise or form a local disruption (in the material) of the
first insulating |Iayer.

In a desirable circuit board, the first conductive via
and second conductive via are configured as a differential
signal pair for differential signaling. Differential signal i ng
allows transmssion of signals wth increased integrity and
reliability at increased frequencies and wth reduced power
conpared to single-ended transm ssi on. Ceonetri cal and the
envi r onnent (electrical Ilength) differences along one conductor
of a differential si gnal pair wth respect to the other
conductor of the pair my l|lead to signal skew and noise; this
should be avoided. | npedance msmatch along a differential
signal pair may lead to reflections and insertion l|osses; this
should be avoided too. The circuit board according to claim 2
allows providing a desired inproved inpedance adaptation and -
matching to further portions of a differential signal pair
transm ssion |ine.

The circuit board of claim 3 provides shielding of at
least the first conductive via, i nproving  signal qual ity.
| npedance m smatch between the first (and/or second) conductive
via and connected circuitry due to the third conductive via my
be reduced and/or prevented by the second adjustnent portion.

The circuit boards of <clains 4 and 5 provide an
i mproved strip-line configuration which is beneficial for signa
transm ssion, in particular at high signal frequencies. A strip
line geonetry allows reducing device size and facilitates
| ayered construction. It has surprisingly been found by the
appl i cant that significant i nprovenents nmay be achieved in

di fferent frequency ranges by providing j ust t he first
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adj ust nent portion or all of the first, second and third
adj ust nent portions.

The <circuit board of <claim 6 provides an inproved
stripline geonetry accompdating a plurality of signals. In
particular when the first and second via and the fifth and sixth
via are configured as tw differential signal pairs, reduced
insertion loss is achievable. In particular when adjustnment
portions are provided in at least the first insulating Iayer
significantly reduced Cross tal k bet ween t he pairs is
achi evabl e.

The circuit board of claim 7 is particularly suited for
high frequency signals, in particular with frequencies of
approximately 10 GHz and hi gher

The <circuit board of claim 8 provides a particular
i mprovenment since air has a mninmum relative dielectric constant
and relative permttivity and thus facilitates providing a |arge
difference wth the nmaterial of the insulating |ayer and
associ ated inprovenent of the circuit board. Such circuit board
also reduces manufacturing costs conpared to mnmanufacturing a
circuit board with adjustnment portions of different naterials.
Air gaps further allow reducing separation between charged
conduct ors wi t hout risking short-circuiting. An  adj ust nent
portion may conprise a plurality of air gaps.

The <circuit boards of <clains 9 and/or 10 provide
i mprovenments by one or nore appropriately fornmed adjustnent
portions, wher e appl i cabl e advant ageousl y al | adj ust nent
portions. Larger adjustnent portions generally result in further
improved transmission; in particular for adjacent differentia
signal pairs, larger adjustnment portions wth lower dielectric
constant, e.g. air gaps with a size of approximately a dianeter
of the separated conductive vias, provide inproved cross talk
separation. The size of the adjustnment portion (s)y in one or both

directions specified in these clains is preferably chosen to
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provide a desired inpedance corresponding to an inpedance of an
adjoining portion of a transmssion Iline of which the conductive

vias are a portion.

The circuit board of claim 11 provides i mproved
conductive vias for a plurality of signal transmssion I|ines and
in particular a plurality of differenti al si gnal pairs.
D fferent pairs of conducti ve Vi as experience reduced

interaction and cross talk and inproved inpedance matching.
Arrangi ng the conductive vias in a row further
facilitates connection to a connector. Arranging the conductive
vias in a plurality of row facilitates arranging a |large
plurality of conductors and thus of transmssion lines wth
predictable interaction in a restricted volune.
Parallel rows my be staggered and may be nutually

separated by one or nore adjustnment portions.

In another aspect a circuit board according to claim 12
is provided. The circuit board provides inproved inpedance
matching to connecting circuitry of the differential si gnal
pairs formed by the second and third conductive vias and the
fifth and sixth conductive pairs, respectively. Further, cross
talk and insertion |osses are reduced, in particular for high
signal frequencies, e.g. higher than approximately 5Gi# and nore
so for signal frequencies higher than approximately 10 GHz.

In another aspect a circuit board according to claim 13
is provided. The circuit board allows close packing of plural
differential signal pairs, wth reduced insertion |osses for and
reduced cross talk between the different differential si gnal
pairs, i nproving signal transm ssion through the pairs, in
particular at high signal frequencies of approximately 5 GHz and
hi gher .

A connector conprising a circuit board as described

above facilitates interconnection to further «circuitry wth
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reduced losses in signal quality. The circuit board itself may
further conprise one or nore circuits such as filters.

The invention wll hereafter be nore fully explained
with reference to the drawings showng an enbodinent of the

invention by way of exanple.

BRI EF DESCRI PTI ON OF FI GURES

DETAI LED DESCRI PTI ON OF EMBCDI MENTS

It is noted that the draw ngs are schematic, not
necessarily to scale and that details that are not required for
understanding the present invention may have been omtted. The
terns "upwar d”, "downwar d", "bel ow', "above", and the |ike
relate to the enbodinents as oriented in the draw ngs. Further,
elements that are at |east substantially identical or that
perform an at |east substantially identical function are denoted
by the sanme nuneral.

Fig. 1 shows a cross section of a portion of a prior
art multi-layer «circuit board 1, shown in top view in Fig. 2.
Fig. 2 is a top view of the circuit board 1 of Fig. 1, with the
cross section of Fig. 1 indicated. The circuit board 1 conprises
a plurality of insulating layers 3 separated by a plurality of
ground layers 5 and a plurality of layers conprising signal
traces 7 (only one signal trace 7 shown in Fig. 1) . The
insulating layers may be substantially identical or may differ
from each other in one or nore aspects, in particular size
and/or one or nore dielectric material properties. The circuit
board 1 further comprises a plurality of through holes 9 (only
two shown in Fig. 1) which penetrate through one or nore of the
insulating layers 3 of the board 1. The through hole 9 conprises
a conductive plating layer 11 and optionally conductive plating
flanges 13, or: pads, on outer surfaces of the board 1, together

formng conductive vias 15 and 17. The conductive via 15 is
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connected to one or nore ground layers 5 (here: all ground
layers) and is termed a ground via 15. The conductive via 17 is
insulated from the ground layers 5 and is connected to one or
nmore signal traces 7 (here: one signal trace 7), the conductive
via 17 is therefore also called a signal via 17. Adjacent vias
15, 17 are separated by portions of the circuit board 1 and
insulated from each other by portions of the insulating |ayers
3.

As best visible in Fig. 2, in the circuit board 1 a
plurality of conductive vias 15 17 are arranged adjacent each
other in rows R defining a direction of separation between the
adj acent Vi as, which rows R, are optionally substantial ly
par al | el each other and which are optionally staggered wth
respect to each other as shown here. The conductive arrangemnent
shown in Fig. 2 is that of a strip line geonetry wth conductors
arranged as ground 15 - signal 17 - signal 17 - ground 15 -
signal 17 - signal 17 - ground 15 which is very well suited for
parallel transmission of differential signals through adjacent
signal conductors (in the form of ground vias 15) , shielded from
each other and their environment by ground conductors (ground
vias 15) . However, the use may be different, i.e. not wth
differential signalling.

It will be apparent that in the shown circuit board 1
the ground vias 15 are sonewhat larger than the signal vias 17.
Furt her, in the direction of the row R, the nutual separation
between each via 15, 17 is equal.

Alternatively, both types of vias 15 17 may have equal
sizes. Al so, di fferent sizes may exist between (groups of)
ground vias 15 and/or signal vias 17. The vias my also be
arranged equidistant with respect to an (imaginary) centre line,

or be separated by varying distances.
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Figs. 3 and 4 show different enbodinments of inproved
circuit boards 1 of a construction generally simlar to the
circuit board 1 of Figs. 1 and 2.

However, different to the circuit board 1 of Figs. 1
and 2, in the circuit board of Fig. 3, adjacent signal vias 17
are separated by adjustnment portions 19 conprising a dielectric
material property different from the first insulating layer. In
between a signal via 17 and a ground via 15 there is no such
adj ustnent portion.

In the «circuit board of Fig. 4, all wvias 15, 17
adjacent each other in a row R are separated by adjustnent
portions 19, 21. The adjustnment portions 19 separate signal vias
17, and the adjustnent portions 21 separate a signal via 17 and
a ground via 15

The adjustnent portions 19, 21 may be of equal size.
Here, however, the adjustment portions 19 between signal vias 17
are larger (here: have a larger dianeter) than the adjustnent
portions 21 between a signal via 17 and a ground via 15. As set
out above, the adjustnment portions 19, 21 may conprise or be
simply holes in the material of the circuit board 1 filled wth
t he anbient atnosphere of the circuit board, e.g. air.

In another enbodinent, a circuit board 1 nmay conprise a
row R conprising along the row a signal via 17, an adjustnent
portion 19, a signal via 17, an adjustnent portion 21 and a
ground via 15 such as a single sided strip line arrangenent of
si gnal - si gnal - gr ound with adjustnent portions in between. This
is shown in cross section in Fig. 5 wherein the adjustnent
portions 19, 21 are fornmed as air gaps penetrating through the
circuit board 1.

Simul ati ons have been perfornmed of propagation of a
differential signal pulse sent through a pair of signal vias 17
of the circuit boards 1 of Figs. 2-4 as well as of a simlar

circuit board conprising adjustnent portions only between ground
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vias and signal vias, but not between adjacent signal vias
(thus, such circuit board my be seen as the inverse of the
circuit board of Fig. 3). In the sinmulation, all adj ust nent
portions 19, 21 of the boards considered have been sinmulated as
tubular air gaps of substantially circul ar outer shape. The
simulations are for signal traces towards the bottom side of the
circuit board 1 when the signal is supplied on the top side of
the respective signal via 17, i.e. the signal has had to travel
alnbst the entire length of the signal via 17 through the
circuit board 1.

Fi g. 6 shows the results of a sinmulation of the
differential insertion loss of a differential si gnal pul se.
Here, the closer the curve is to O dB, the better.

Figs. 7A and 7B show the results of the sinulations for
differential i npedance to signal traces 7 at 50 picoseconds, or:
for a signal velocity of 10 GBits/second, and 25 picoseconds,
or: for a signal wvelocity of 20 GBits/second, respectively.
Here, the closer the curve is to 100 Chm differenti al i npedance,
the better.

Fig. 8 shows the result for near end cross talk between
the pair and Fig. 9 shows the result for far end cross talk

between the pair. Here, the lower the curve is, the better.

In Figs. 6-9, a drawn |ine represents the results of
Fig. 2 ("no air pockets"), dash-dotted I|ine the results of Fig.
3 ("... Btwn sig vias only"), a dotted line the results of Fig.
4 ("Circ. air pock." = circular air gaps, between all vias), a
and a dashed line the results of circuit board wth adjustnent

portions only between ground vias and signal \vias, but not
bet ween adjacent signal vias ("... Btwn sig and gnd vias")

From Figs. 6-9 it wil | be appar ent t hat at
substantially all signal frequencies 0-20 GHz, the provision of
adj ust nent portions has a beneficial effect on all sinulated

aspects. In a frequency region between approx. 8-10 GHz there is
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11
little difference in the insertion |loss between the different
circuit boar d arrangenent s (Fig. 6) . The effects for
differential pair cross talk becone increasingly noticeable at
i ncreasing frequenci es, in particular at frequencies of approx .

10 GHz and higher (Figs. 8, 9).

Fig. 10 shows another enbodinent of an inproved circuit
board 1, simlar to the circuit board 1 of Fig. 4. In this
circuit board 1, the adjustnent portions 19 and 21 are formed as
substantially rect angul ar sl ot s, ext endi ng substantially
per pendi cul ar to the direction of each row R along which the
vias 15, 17 are arranged.

Figs. 11-14 show the results of sinmulations just as for
Figs. 6-9. For Figs. 11-14, in each case the adjustnent portions
have been taken as rectangular air gaps, instead of circular air
gaps. Here, the dinensions of the adjustnment portions are chosen
with a width in the direction of the row R of approx one half
times the separation between the vias 15, 17 and having a |enght
perpendicular to the direction of the row R of approx. twce the
di aneter of the vias.

From a conparison between Figs. 6-9 and 11-14, it wll
be apparent that also in this case the provision of adjustnent
portions 19, 21 is beneficial to the behaviour of signal pulses
through the circuit board 1.

In fact, in Fig. 11 it is visible that for a frequency
range of approx. 6-11 GHz, insertion |loss may be reduced by not
havi ng adj ust nent portions bet ween al | vi as. For such
frequenci es, al so t he differential i npedance shows | ess
variation (Fig. 12A) . However, it is again found that providing
adj ustnent portions between all vias reduces the cross talk for
al | frequenci es (Figs. 13 and 14) . Thus, dependi ng on the
prospective use, e.Jg. the intended si gnal frequency to be

transmtted t hr ough t he vi as and whet her or not usi ng
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differenti al signal l'i ng, one may select to use nore or less
adj ustnment portions.

An adjustnent portion in the form of an air gap may be
wholly or partially plugged by insertion of a dielectric object
into the air gap to obtain a desired behaviour.

Fig. 15 shows, in cross section view simlar to Figs. 1
and 5, a variation of a circuit board 1. The circuit board 1 has
a thickness T, and conprises a conductive signal via 17, which
is connected to a signal trace 7 that is arranged relatively
close to the top of the <circuit board 1. A portion of the
plating layer 11 and the flange 13 on the bottom side of the
conductive via 17 are absent, conpared to the vias 15, 17
di scussed before, so that a via is fornmed which is conductive
over only a fraction of its length. The via 17 has a conductive
portion (here in the form of the plating 11) which extends
through the circuit board 1 along a direction of extension E for
a distance D which is less than the thickness T of the circuit
board 1. Along the direction of extension E, or: instead of the
absent portion of the via 17, an adjustnment portion 23 is
arranged conprising one or nore dielectric material properties
different from those of one or nore insulating layers 3. As a
consequence, any antenna-effect 1is prevented of a portion of the
via 17 extending towards the bottom side of the circuit board 1
significantly further than the position on which the conducting
portion 11 of the via 17 connects with a trace 7. The circuit
board 1 may conprise plural partially conductive vias 15 17, of
which the lengths of the conductive portions may be equal or
different depending on the level on or wthin the circuit board
1 that via is connected to one or nore conductive traces or
| ayers. Such structure of a via of which a conducting portion
extends only partly into the circuit board may also be enployed

for one or nore ground vias 15
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In the circuit board 1 shown in Fig. 5, adjacent the
si gnal via 17 a ground via 15 is formed just as in the
enbodi nent s shown above. Between adjacent signal vias 17 and
signal and ground vias 15 17 one or nore adjustnent portions
19, 21 may be provided as described before (not shown)

Such circuit board 1 of Fig. 15 may be nanufactured
easily by formng a circuit board conprising a desired nunber of
vias, arranging a plating layer 11 and flanges 13 in regular
fashion in all wvias. In this way, a nmethod of nmanufacturing of
the board as a whole need not be altered. In an optional
subsequent step the plating layer 11 and the flange 13 are then
renoved from the circuit board 1 in the desired amount at the
selected vias 15, 17. Such renmpval nay e.g. be done by drilling
a recess along the selected plated through via 15 17 with an
appropriate t ool , e.Jg. a drill bi t havi ng a |arger si ze
(dianmeter) than (the plating of) the via. The recess may be |eft
enpty or be partly or wholly filled with a dielectric nmaterial
to form an adjustnent portion 23 wth one or nore desired
properties

Fi gs. 16-17B show the results of sinulations, as
before, for a circuit board 1 conprising a row R of vias 15, 17
which are nutually separated wth rectangular air gaps 19, 21 as
in Fig. 10, wherein the signal vias 17 are partially conductive
and the ground vias 15 are fully conductive as in Fig. 15
(dotted line, "FP with air pockets") . For conparison the results
of a circuit board 1 of Fig. 2 are also shown in the Figs 16-17B
(drawn line, "Nonminal FP")

It will be apparent from a conparison wth the other

simulation results that the inproved <circuit board 1 provides

significantly less differential i nsertion | oss (Fig. 16) at
substantially al | frequenci es and a significantly i nproved
differential i npedance at signal frequenci es of 10 CGHz (Fig.

17A) and 20 GHz (Fig. 17B)
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Fig. 18 is a top view of an alternative enbodinent of a
circuit board 1 showing that conpound adjustnment portions 19A,
21A separating vias 15, 17 nmay be fornmed from a plurality of
subsidiary adjustnment portions 19B, 21B arranged close together.
In the shown enbodi nent, substantial ly rect angul ar conmpound
adj ustnment portions 19A, 21A are fornmed by series of adjacent
substantially circular subsidiary adjustnment portions 19B, 21B.
The subsidiary adjustnment portions 19B, 21B may be substantially
i denti cal or different. O her arrangenents of nore or less
subsidiary adjustnment portions 19B, 21B are also conceivable.

The invention is not restricted to the above described
enbodi ments which can be varied in a nunber of ways wthin the
scope of the claims. For instance a circuit board may conprise
nore or |ess conducting vias.

Conducting vias and adjustnment portions need not be
arranged in straight rows, nor symetrically wth respect to a
straight or bent row Adjacent rows need not be parallel.

In between parallel rows R of conducting vias in Figs.
2-4 and 10 spaces are arranged, which my be used for routing
traces. Rows R may be separated by one or nore adjustnent
portions .

In a circuit board, conducting vias nmay be separated by
several adjustnent portions adjacent each other in the direction
of separation of the vias. Thus, a larger conpound adjustnent
portion my be forned.

Adj ustnent portions may be forned by drilling an array
of holes or recesses into the circuit board and selectively
plating the vias such that one or nobre adjacent conducting vias
are separated by unplated vias.

A conducting via may be connected to plural traces on
one or nore layers of the circuit board. A ground |ayer nay be
conducting across large portions of its area or conprise a

nunber of ground traces.
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El enents and aspects discussed for or in relation with
a particular enbodinment may be suitably conbined with elenents
and aspects of other enbodinents, unless explicitly stated

ot herw se..
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CLAIMS

1. A circuit board (1) conpri si ng a plurality of
insulating layers (3 , at least one ground layer (5 and at
| east one layer conprising signal traces (7), the circuit board
conprising at least a first conductive via (1797 and a second
conductive via (17),

wherein the first conducti ve via and the second
conductive via penetrate through at least a first insulating
| ayer (3) of the plurality of insulating |l ayers and are
connected to a signal trace,

wherein the first conducti ve via and the second
conductive via are arranged adjacent each other

wherein at least in the first insulating Ilayer the
first conductive via and the second conductive via are separated
in a first direction of separation (R by a first adjustnent
portion (19, 19A) conprising a dielectric rmaterial property

different from the first insulating |ayer.

2. The circuit board (1 of claim 1, wherein the first
conductive Vi a (17) and second conducti ve via (17) are

configured as a differential signal pair.

3. The circuit board of any preceding claim conprising
a third conductive via (15 adjacent the second conductive via
(17) opposite the first conductive via (17), penetrating through
at least the first insulating layer (3 and connected to at
| east one of a ground trace and a ground |ayer (5),

wherein the second conductive via and the third
conductive via are separated in a second direction of separation
(R by a second adjustnent portion (21, 21A) conpri si ng a
dielectric material property different from the first insulating

| ayer .
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4. The circuit board of claim 1 or 2, conprising a
third conductive via (150 adjacent the second conductive via
(17) and a fourth conductive via (15) adj acent the first
conductive via (17), the third conductive via and the fourth
conductive via penetrating through at least the first insulating
layer (3) and being connected to at |east one of a ground trace
and a ground |layer (5), wherein the first to fourth conductive
vias are arranged nmnutually adjacent in a row (R as ground -

signal - signal - ground.

5. The circuit board (1) of claim 4, wherein the second
conductive via (17) and the third conductive via (15) are
separated in the direction of the row (R by a second adjustnent
portion (21, 21A) conprising a dielectric material property
different from the first insulating layer (3 , and

wherein the fourth conductive via (150 and the first
conductive via (17) are separated in the direction of the row
(R by a third adjustnent portion (21, 21A) conprising a
dielectric material property different from the first insulating

| ayer .

6. The circuit board (1) of claim 1 or 2, conprising a
third conductive Vi a (15) arranged adj acent t he second
conductive via (17) opposite the first conductive via (17) and
fourth, fifth, sixth and seventh conductive vias (15 17, 17,
15) arranged adjacent the first conductive via (17) opposite the
third conductive via,

wherein the first, second, fifth and sixth conductive
vias (17, 17, 17, 17) penetrate through at Jleast the first
insulating layer (3 and are connected to a signal trace (7),
and the third, fourth and seventh conductive vias (15 15,  15)

penetrate through at least the first insulating layer (3 and
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are connected to at least one of a ground trace and a ground
| ayer (5), such that the first to seventh conductive vias (15,
17, 17, 15, 17, 17, 15) are arranged nmutually adjacent in a row
(R as ground - signal - signal - ground - signhal - signal -
ground,

wherein at least the fifth and sixth conductive vias
penetrate through at least one of the first insulating |layer and
a second insulating |l|ayer (3)

wherein in at least one of the first and second
i nsul ati ng layers the fifth conductive via and the sixth
conductive via are separated in the direction of the row (R by
a further adj ust nment portion (19) of i nsul ati ng mat eri al
conprising a dielectric naterial property different from at

| east one of the first and second insulating |ayers.

7. The «circuit boar d (1) of claim 6, wherein all
adj acent first to seventh conductive vias (15 17, 17, 15, 17,
17, 15) are nutually pairwise separated in the direction of the
row (R by adjustnment portions (21, 21A; 19, 19A; 21, 21A; 21,
21A; 19, 19A; 21, 21A) conprising a dielectric material property
different from at |east one insulating layer (3 , preferably all
| ayers, penetrated by the respective pair of nutually adjacent

conductive vias.

8. The circuit board (1) of any preceding claim wherein
at least a portion of at least one of the adjustnment portion (s)

(19, 19A, 19B, 21, 21A, 21B) is formed as an air-gap.

9. The circuit board (1) of any preceding claim
wherein two adjacent conductive vias (17, 17; 15, 17) are
mutually separated by a separation distance along a respective
direction of separation (R wher ei n at | east one of the

adj ust nment portion (s) (19, 19A; 21, 21A) separating the two
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adj acent conducti ve vi as in the respective di rection of
separation is formed to extend between the two adjacent
conductive vias in that respective direction of separation for a
length of nore than approximately one quarter, preferably nore
than approxi mately one half, nost preferably for nore than
approximately three quarters of the separation distance between

the two adjacent conductive vias.

10. The circuit board (1) of any preceding claim
wherein two adjacent conductive vias (17, 17; 15, 17) are
mutually separated by a separation distance along a respective
direction of separation (R wher ei n at | east one of the
adj ust nment portion (s) (19, 19n; 21, 21A) separating the two
adj acent conducti ve vi as in the respective di rection of
separation is formed to extend between the two adjacent
conductive vias in a direction substantially perpendicul ar to
that respective direction of separation for a length of nore
than approximately one, preferably nore than approximately one
and a half, nost preferably for nore than approximtely two
times the size of at least one of the two adjacent conductive
vi as in a direction substantial ly per pendi cul ar to that

respective direction of separation.

11. The circuit board (1) of any preceding claim
conprising plural rows (R of adjacent conductive vias (15  17)
penetrating at least the first insulating layer (3 , wherein the
adj acent conductive vias wthin each row are nutually pairw se
separated in the direction of the row by adjustnent portions
(19, 19A, 21, 21A) conprising a dielectric nmaterial property

different from at least the first insulating |ayer.

12. A circuit board (1 conprising a plurality of

insulating layers (3, at least one ground layer (5 and at
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| east one layer conprising signal traces (7), the circuit board
conprising at |east seven conductive vias (15 17, 17, 15, 17,
17, 15) arranged nutually adjacent in a row (R ,

wherein the first, fourth and seventh conductive vias
(15), as counted along the row, penetrate through at |east the
first insulating layer and are connected to at |east one of a
ground trace and a ground layer, and wherein the second, third,
fifth and sixth conductive vias (17), as counted along the row,
penetrate through at least the first insulating layer and are
connected to a signal trace, such that the first to seventh
conductive vias are arranged as ground - signal - signal -
ground - signal - signal - ground,

and wherein the second and third conductive vias, as
counted along the row, are configured as a first differential
signal pair and the fifth and sixth conductive vias, as counted
along the row, are configured as a second differential si gnal
pair,

wherein the adjacent first to seventh conductive vias
are mutually pairwise separated in the direction of the row by
adj ust nent portions (21, 21A 19, 19A; 21, 21A; 21, 21A 19,
19A; 21, 21A) conprising air gaps so as to provide a dielectric
material property different from at l|least the first insulating

| ayer .

13. A circuit board (1 conprising a plurality of
insulating layers (3), at Ileast one ground layer (5 and at
| east one layer conprising signal traces (7),

the circuit board comprising a plurality of nutually
parall el adjacent rows (R conprising at |east seven conductive
vias (15, 17, 17, 15, 17, 17, 15) arranged nutually adjacent in
the respective row,

wherein the first, fourth and seventh conductive vias

(15) , as counted along the row, penetrate through at Ileast the
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first insulating layer and are connected to at |least one of a
ground trace and a ground layer, and wherein the second, third,
fifth and sixth conductive vias (17), as counted along the row,
penetrate through at least the first insulating layer and are
connected to a signal trace, such that the first to seventh
conductive vias are arranged as ground - signal - signal -
ground - signal - signal - ground, wth the second an third
conductive vias being configured as a first differential pair
and the fifth and sixth conductive vias being configured as a
second differential signal pair,

wherein the adjacent first to seventh conductive vias
within each row are nutually pairwise separated in the direction
of the row by adjustnent portions (21, 21A; 19, 19A; 21, 21A
21, 21A; 19, 19A; 21, 21A) conprising air gaps so as to provide
a dielectric material property different from at least the first

i nsulating |ayer.

14. A connector conprising the circuit board (1) of any

one of the preceding clains.
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