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(57) Abstract

A shielded flexible cable includes a first shielding grid having
conductive elements formed as squares. A second shielding grid is also
formed as squares. The two shielding grids are positioned with respect
to each other so that the vertices of the squares of the two grids are
respectively offset from each other in each of two directions by one-half
the diagonal distance between the vertices of the squares. Electrical signal
conductors are positioned between the two grids along lines extending
between the vertices of the squares to maintain a controlled impedance
of the signal lines. A circuit board includes a reference plane configured
as a grid having conductive elements formed as squares. Electrical signal
conductors are positioned in a plane adjacent said grid. The decreased
percent copper used to construct the grid increases the characteristic
impedance of the signal conductors without increasing the thickness of the
circuit board, without decreasing the width or thickness of the conductors
and without using nonhomogeneous or nonstandard dielectrics. The
circuit board provides the use of an increased range of impedance in signal
conductors that permits the transfer of signals without degradation of the
signal quality or loss of signal density, while providing an acceptable
shielding capability.
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1
A CIRCUIT BOARD ARRANGEMENT INCLUDING SHIELDING GRIDS,
AND CONSTRUCTING THEREOF

Background of the Invention

Field of Invention

The present invention relates generally to flexible cable
and printed circuit board transmission lines, and, more
particularly, to an apparatus and method for increasing the
range of impedances for flexible cable and printed circuit

board transmission lines.

Description of the Prior Art

The present invention relates to the controlling of
impedance of data transmission lines in flat flexible cables
and in printed circuit boards which have multiple conductors
proximate to a ground reference plane.

Microstrips and striplines are extensively used to
interconnect high-speed logic circuits in digital computers
because they can be fabricated by automated techniques and can
provide the required impedance-controlled signal paths.
However, microstrip construction permits significant levels of
extraneous electromagnetic radiation. Stripline construction
can be utilized to greatly reduce unwanted electromagnetic
radiation. However, the addition of a second reference or
ground layer results in increased capacitive coupling between
the signal conductor and the reference planes, thus greatly
reducing the impedance of the signal conductor. 1In order to
maintain the desired impedance, the distance between reference
layers and the signal conductor in traditional stripline
construction must be greater than in microstrip construction.
This increased thickness significantly feduces the cables’
ability to withstand multiple flexures, or, when used in a
printed circuit board, increases the overall thickness of the
printed circuit board.

Typically, conductors are formed in planes in a flexible
cable or a printed circuit board. Ground planes or other

reference voltage planes are positioned in planes parallel to
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the conductor planes to control the impedance of the
conductors and to block the transmission of electromagnetic
radiation from conductors carrying high frequency signals,
such as clock signals and high speed data signals found in
digital computers. In printed circuit boards, and the like,
golid ground planes are generally used. However, solid ground
planes are inflexible unless made very thin, and thus cannot
be readily used to protect signal lines in cables that are
intended to be frequently flexed, for instance, in the signal
lines between the base and the movable display screen of a
notebook computer. Furthermore, because of the large
capacitance of a solid ground plane formed close to a signal
line, the impedance of the signal lines may be lower than
desired. On the other hand, if the ground plane is spaced
further apart from the conductors to reduce the capacitance
and thereby increase the impedance, a flexible cable becomes
thicker and thus less flexible and more likely to break with
repeated flexing. Similarly, a printed circuit board becomes
thicker and thus more heavy and more costly to build.

Reference planes having conductive elements formed in a
grid have been utilized in microstrip designs to increase the
impedance and to provide flexibility. However, because the
grid is not continuous like a solid reference plane, it has
been found to be quite difficult to control the impedance of
signal lines protected by a gridded reference plane because of
the uncontrolled orientation of the signal lines with respect
to the shielding grid. It is thus a goal of the present
invention to provide a flexible cable and a circuit board that
provides effective shielding and having a controllable
characteristic impedance. '

One of the particular difficulties in controlling the
impedance characteristics of flexible cables and circuit
boards utilizing cross-hatched reference planes, especially
cables of stripline construction, has been in the structure of
turns in the cable. Generally, when the orientation of a
signal line needs to be changed, by, for example, 90 degrees

or the like, the turn is not incorporated into the signal line
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with a single 90-degree turn. Rather, the change in
orientation is generally accomplished by a arcuate turn (i.e.,
a curve) such that the orientation of the signal line varies
continuously from its original orientation to the new
orientation. It is likely that at various points in the turn,
the signal line will be aligned with the conductors of the
upper or lower grid or with both grids. Such alignment causes
a significant reduction in impedance at such points and thus
causes a substantial impedance discontinuity. Thus, another
goal of the present invention is to provide a means of
reorienting signal lines which minimizes impedance
discontinuities.

Traditionally, the impedance of microstrip and stripline
construction was determined by the signal conductor width, the
sepération of the conductor from the reference plane(s), the
dielectric(s) that surround the conductor and, to a lesser
degree, the thickness of the conductor.

However, such traditional methods of determining
impedances in striplines and microstrips impose too many
constraints on the designer. For example, 1in certain
applications, such as the interconnection of peripheral
components in the latest desktop and server systems, very high
impedances on printed circuit boards are required. One way of
obtaining such high impedances using existing technology is to
increase the separation between the signal conductor and the
reference plane. However, this would require the use of
expensive printed circuit boards of nonstandard thicknesses.
Such nonstandard printed circuit boards are not only expensive
to implement, but also undesirable in many applications due to
their bulk. It is thus a goal of the present invention to
provide a circuit board which provides high impedance without
increasing the thickness of the circuit board.

Alternatively, the microstrip designer may choose to
increase signal conductor impedance by increasing the
conductor’s separation from the reference plane and reducing
the conductor’s width. There are, however, two limitations

which restrict the designer in the implementation of the
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latter procedure. First, the minimum width of signal
conductors is limited by present technology to approximately
4 mils. Secondly, the cost of fabricating a circuit board
increases significantly when conductor widths fall below 6
mils.

Despite these restrictions, if ‘ordinary" board
impedances of 50 to 65 Q are also required on the same plane
as the high impedance layers, it will be necessary to adjust
the line widths of the conductors. Furthermore, conductors of
"ordinary" impedance that are routed from other layers onto
the high impedance layer would need to have their widths
adjusted from layer to layer to maintain matched impedance
along their entire length. Such matching, as a result of the
increased line width, would result in a serious reduction in
signal density on the high impedance layers. For instance, in
matching high impedance layers of 90Q to ordinary board
impedances of 50 to 65Q, signal density on the high impedance
layers would decrease by a factor of approximately 2.7.

The conventional solution to this problem was to increase
the signal layers. However, increasing the number of layers
from 6 to 8 on, for example, a pre-existing mother board,
would increase the cost of the printed circuit board by
approximately $20.00 per board. It is thus another goal of
the present invention to provide a circuit board with areas of
increased impedance without increasing conductor separation
from the reference plane or resorting to the use of expensive
conductors and/or conductors that are too narrow to
manufacture under current technology. It is also a goal of
the present invention to provide such a circuit board while
preventing a reduction in signal density and eliminating the
need to add additional layers to the circuit board.

Another disadvantage associated with traditional
microstrip construction is the generation of both forward and
reverse crosstalk, which can seriously impair signal quality.
Crosstalk is the effect of coupling the signal of one channel
into another. Crosstalk may arise from a number of sources,

one of which is the wunbalance of cable parameters, in
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particular, the capacitance and inductance between conductors.
Due to this unbalance, net coupling of the signal of one
conductor into another can result. Such wunbalance is
generally aggravated when a conductor 1is exposed to
nonhomogeneous media, as is the case with traditional
microstrip construction. It is thus another goal of the
present invention to provide a circuit board that exhibits
reduced crosstalk while providing increased impedance.

In addition to the above limitations, surface conductors
in traditional microstrip construction radiate high levels of
electromagnetic radiation which interfere with the functioning
of surrounding electronics. Conversely, extraneous radiation
may also affect the operation of surface conductors. In
traditional microstrip construction, it was not possible to
provide adequate shielding because the surface of the
conductor was free to radiate into the cavity of the system
enclosing the circuit board. Containment of such radiation
required that the conductor be constructed using stripline
construction. However, high impedance conductors of stripline
construction require that the separation between reference
planes and conductors be increased drastically to reach the
desired high impedance. Such an increase in thickness, would,
however, be undesirable in applications where thin circuit
boards or standard thickness circuit boards are required. It
is thus another goal of the present invention to provide a
circuit board that provides effective shielding while
providing increased impedance.

Accordingly, there is a need in the art to provide a
flexible cable having flexible reference planes, capable of
thousands of flexures in a stripline desigﬁ, and achieving a
desired impedance that permits transfer of the signals without

degradation to the signal gquality while providing an

‘acceptable shielding capability.

There is also a need in the art to provide a circuit
board with increased impedance without increasing circuit
board thickness, conductor width, conductor thickness or using

either nonhomogeneous or nonstandard dielectric material, and
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achieving the desired increased impedance that permits the
transfer of signals without degradation of the signal guality
or loss of signal density, while providing an acceptable

shielding capability.

Summary of the Invention

One aspect of the present invention is a circuit board
that comprises a first shielding grid having a first
predetermined configuration comprising conductive elements
interconnected in a geometric pattern. The circuit board
further comprises a second shielding grid having a second
predetermined configuration substantially identical to the
first predetermined configuration. The second grid is aligned
at a predetermined offset from the first grid. A conducting
element is positioned between the first and second grids so
that the conductor is positioned at a predetermined location
with respect to the first and second grids. In preferred
embodiments, the geometric pattern is a square.

A second aspect of the present invention is a method of
constructing a flexible circuit board having shielded
electrical signal conductors. The method comprises the steps
of positioning a first shielding grid with a first
predetermined configuration on one side of the signal
conductors in a first plane. The configuration comprises a
plurality of intersections of conductive elements. The method
comprises the further step of positioning a second shielding
grid with a second predetermined configuration substantially
equal to the first predetermined configuration on an opposite
side of the signal conductors in a second plane parallel to
the first plane. The second grid is aligned with respect to
the first grid so that intersections of conductive elements of
the second grid have a predetermined offset from intersections
of conductive elements of the second grid. The method
comprises the further step of orienting the signal conductors
along lines parallel to lines connecting the intersections of

conductive elements of the grids.
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A still further aspect of the present invention is a
circuit board that comprises a first shielding grid with a
first predetermined configuration defined in a first plane and
a second shielding grid with a second predetermined
configuration defined in a second plane. The second shielding
grid is positioned with respect to the first shielding grid
along a predetermined offset. The second circuit board
further comprises a conducting element positioned between the
first and second grids so that the conductor is positioned at
a predetermined location with respect to the first and second
grids.

Another aspect of the present invention is a method of
constructing a circuit board, comprising the steps of
positioning a first shielding grid with a first predetermined
configuration in a first plane, positioning a second shielding
grid with a second predetermined configuration in a second
plane parallel to the first plane, and offsetting the second
shielding grid from the first shielding grid in a
predetermined direction in the second plane. The method
comprises the further step of positioning a conducting element
between the first and second grids so that the conductor is
positioned at a predetermined location with respect to the
first and second grids.

Another aspect of the present invention is a shielded
flexible cable comprising a first shielding grid comprising a
first plurality of conductive elements oriented in a first
direction and a second plurality of conductive elements
oriented in a second direction perpendicular to the first
directibn so that the first plurality of conductive elements
and the second plurality of conductive elements form a
plurality of squares. The squares have vertices corresponding -
to the intersections of the first and second pluralities of
conductive elements. The vertices have a diagonal distance
therebetween along diagonal directions at 45 degrees to the
first and second directions. The flexible cable has a second
shielding grid structurally identical to the first shielding
grid. The second shielding grid is positioned substantially
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parallel to the first shielding grid so that the intersections
of the conductive elements of the first .shielding grid are
spaced apart from the intersections of the second shielding
grid in the diagonal directions by a distance substantially
equal to one-half the diagonal distance. A plurality of
signal conductors are positioned between the shielding grids
and oriented in a direction substantially parallel to one of
the diagonal directions. Preferably, the signal conductors
are oriented to pass proximate to the vertices of the squares.

A further aspect of the present invention is an improved
circuit board that comprises a single shielding grid having a
predetermined configuration of conductive elements
interconnected in ‘a geometric pattern, and a conducting
element positioned adjacent to the grid so that the conducting
element is positioned at a predetermined location with respect
to the grid. Preferably, the circuit board further comprises
a second conducting element adjacent to the grid in a
direction opposite the first conducting element, wherein said
second conducting element is positioned at a second
predetermined location with respect to the first conducting
element.

Another aspect of the present invention is a circuit
board comprising a shielding grid having a predetermined
configuration comprising conductive elements interconnected in
a geometric pattern, a first conducting element positioned
above the grid at a first predetermined location with respect
to the grid, and a second conducting element positioned below
the grid at a second predetermined location with respect to
the first conducting element.

Another aspect of the present invention is a method of
increasing the impedance on a circuit board having electrical
signal conductors. The method comprises the step of
positioning a single shielding grid with a predetermined
configuration adjacent to the signal conductors. The
configuration comprises a plurality of intersections of
conductive elements. The method further comprises the step of

orienting the signal conductors along lines parallel to lines
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connecting the intersections of the conductive elements of the
grid.

Another aspect of the present invention is a circuit
board that comprises a shielding grid with a predetermined
configuration defined in a first plane, a first conducting
element positioned above the grid so that the first conducting
element is positioned at a first predetermined location with
respect to the grid and a second conducting element positioned
below said grid so that said second conducting element is
positioned at a second predetermined location with respect to
the first conducting element.

Another aspect of the present invention is a method of
constructing a circuit board. The method comprises the steps
of positioning a single shielding grid with a first
predetermined configuration in a first plane, and pésitioning
a conducting element in a second plane adjacent to the grid so
that the conducting element is positioned at a predetermined
location with respect to the grid.

Another aspect of the present invention is a circuit
board that comprises a grid having a first plurality of
conductive elements oriented in a first direction and a second
plurality of conductive elements oriented in a second
direction perpendicular to the first direction so that the
first plurality of conductive elements and the second
plurality of conductive elements form a plurality of squares,
the squares having vertices corresponding to the intersections
of the first and second pluralities of conductive elements.
The vertices have a diagonal distance therebetween along
diagonal directions at 45 degrees to the first and second
directions. The circuit board further 'comprises a first
plurality of signal conductors positioned adjacent the grid-
and oriented in a direction substantially parallel to one of
the diagonal directions. A second plurality of signal
conductors are positioned adjacent the grid, and oriented in
a direction away from the first plurality of signal
conductors, and in a direction substantially perpendicular to

the first plurality of signal conductors.
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Brief Description of Drawings

Figure 1 depicts a plan view of a shielded flexible cable
in accordance with the present invention.

Figure 2 depicts an enlarged view of a section 2-2 in

Figure 1.

Figure 3 depicts a cross-sectional elevational view of

the present invention taken along the lines 3-3 in Figure 2.

Figure 4 depicts an enlarged plan view of a section 4-4
in Figure 1 showing a method of making a 90-degree turn in a

signal conductor.

Figure 5 depicts a plan view of a preferred embodiment of
circuit board transmission lines in accordance with the

present invention.

Figure 6 depicts an enlarged plan view of a section 6-6

in Figure 5.

Figure 7 depicts a cross sectional elevational view of
the enlarged plan view of the present invention taken along

lines 7-7 in Figure 6.

Figure 8 depicts a cross sectional elevational view of
one implementation of the circuit board of the present

invention.

Figure 9 depicts an enlarged plan view of a section 9-9
of the «circuit board transmission lines of Figure 5
illustrating a preferred method of executing a 90 degree turn

in a signal conductor.

Figure 10 depicts a cross sectional elevational view of
one embodiment of the circuit board of the present invention
taken along lines 10-10 of Figure 9.

Detailed Description of the Preferred Embodiment

Figure 1 depicts a plan view of a shielded flexible cable
10 in accordance with the present invention. The cable 10 may
be used to electrically connect the base and the movable

display screen of a notebook computer.
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As illustrated in Figure 2, the circuit board 10 of the
present . invention comprises an wupper shielding grid 20
comprising a set of electrically conductive elements, a lower
shielding grid 40 comprising a 1like set of electrically
conductive elements, and a plurality of signal conductors 60,
62, 64, all of which are aligned in predetermined locations
with respect to one another as will be described below.

As illustrated in Figure 2, each of the shielding grids
20, 40 has a uniformv pattern, which in the preferred
embodiment, is selected to be a repeating pattern of squares
formed by the electrically conductive elements 22, 24 and 42,
44, respectively, that form the grids 20, 40. As illustrated,
in the preferred embodiment, the elements 22 of the upper grid
20 are perpendicular to the elements 24, and the elements 42
of the lower grid 40 are perpendicular to the elements 44.
Preferably, the grids 20 and 40 are formed by printed circuit
board etching techniques by removing copper or other
conductive material from a printed circuit board blank such
that the conductive material remaining after etching forms the
conductive elements 22, 24, 42, 44.

In particular, for reasons set forth below, the squares
are oriented at 45 degrees with respect to the principle
orientation of the signal conductors 60, 62, 64 such that the
electrically conductive elements appear as cross-hatching with
respect to the signal conductors 60, 62, 64.

Each of the grid squares has four vertices formed by the
intersection of two of the electrically conductive elements
22, 24 or 42, 44 of the respective grids 20, 40. The diagonal
distance between two oppositely disposed vertices, for
example, a pair of vertices 30 and 32 of the upper grid 20,
forms the greatest open distance D between any two conductive
elements. The distance D can be considered as the size of a
slot in the shielding. As is well known in the art of
shielding electrical signals, if the slot size D is the
largest opening of the grid, and if the distance is less than
one-half the wavelength of the highest signal frequency
propagating in any of the signal conductors 60, 62, 64, then
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the shielding grids 20, 40 form an effective barrier to the
emission of electromagnetic energy from the signal conductors
60, 62, 64. It should be understood that an electrical clock
signal having a frequency of 100 Mhz, for example, will have
harmonics of many times that frequency. The harmonics of the
highest signal frequency are considered when selecting the
maximum allowable spacing for the electrically conductive
elements of the shielding grids 20, 40. In the preferred
embodiment, the distance D is selected to be less than 1/20
the size of the smallest expected wavelength of the signal
traveling through the signal conductors 60, 62, 64.

As illustrated in Figure 3, the signal conductors 60, 62,
64 are located between the grids 20, 40 and are electrically
insulated from the grids 20, 40 by an upper insulator 50 and
a lower insulator 52. The upper surface of the upper grid 20
is laminated with an insulator 54. The bottom surface of the
lower grid 40 is laminated with an insulator 56. The layers
are sandwiched together and held in place by suitable
adhesives known to the art. Preferably, the upper insulator
50 and the lower insulator 52 comprise an electrical insulator
formed using a Z LINK® insulator from Sheldahl, Inc., of
Northfield, Minnesota. The Z LINK insulator has the advantage
that it is self-adhesive and that by suitable manufacturing
techniques, electrical interconnections can be formed in the
Z LINK insulator to interconnect the shielding grids, 20, 40
together and/or to selected signal conductors 60, 62, 64 to
ground the selected conductors. Such selected grounding is
not part of the present invention and is not illustrated
herein.

In order to more fully understand the following
description, it is helpful to establish an X, Y, Z coordinate
system for the drawing figures. The X and Y axes lie in a
horizontal plane as shown in Figure 2. Each of the upper grid
20 and the lower grid 40 are in planes parallel to the
horizontal plane. Similarly, the signal conductors 60, 62, 64
lie in a plane between and parallel to the planes of the two

grids 20, 40. The principal orientations' of the signal
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conductors 60, 62, 64 are parallel to the Y axis, as
illustrated in Figure 2, or parallel to the X axis except when
the orientation of the conductors are in transition between
the principal orientations. The Z axis is perpendicular to
the X and Y axes as shown in Figure 3.

As i1llustrated in Figure 2, the conductive elements of
the upper grid 20 and the lower grid 40 are oriented so that
the elements are oriented at 45 degrees to the X axis and the
Y axis and so that the diagonals of the squares formed by the
conductive elements are parallel to the X axis or parallel to
the Y axis.

Referring to Figures 2 and 3, although the upper grid 20
and the lower grid 40 have substantially identical structure,
the two grids are not positioned in alignment as would be
expected. Rather, the upper grid 20 and the lower grid 40 are
offset with respect to each other so that a vertex of a square
in the upper grid 20 is offset from the nearest vertex of a
square in the lower grid 40 by a distance of D/2 in both the
X direction and the Y direction. Although the offset may be
larger than or less than D/2, an offset of D/2 provides the
maximum control of the impedance in the present invention. In
particular, it can be seen that no conductive element of the
upper grid 20 lies directly over, in the Z direction, any
conductive element of the lower grid 40 for any significant
distance. Rather, the conductive elements of the upper grid
20 cross the conductive elements of the lower grid 40 at right
angles so that a minimal amount of capacitance is formed
between the two grids 20, 40 at the intersections.

As further illustrated in Figure 2, the signal conductors
60, 62, 64 are preferably positicned so that the signal
conductors 60, 62, 64 extend from vertex to vertex of the
squares defined by the conductive elements of the upper and
lower grids 20, 40. With the signal conductors 60, 62, 64
positioned in this manner, the signal conductors 60, 62, 64
pass beneath a vertex of the upper grid 20 and then pass over
a vertex of the lower grid 40. Thus, the signal conductors
60, 62, 64 do not lie between the elements of the upper grid
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20 and the lower grid 40 at any location. This maintains a
minimal capacitance between the signal conductors 60, 62, 64
and ground at all locations. Furthermore, by positioning all
the conductors in the same positions with respect to the
conductive elements of the upper and lower grids 20, 40, the
characteristic impedances of the electrical conductors 60, 62,
64 can be effectively matched with respect to each other.

The impedance of the signal conductors 60, 62, 64 is a
function of resistance, conductance, capacitance and
inductance as follows:

7z = | R+ Jjul (1)
0 G + juC

where 2, is the characteristic impedance of the signal
conductors, R is the resistance, G is the conductance, w is
the frequency in radians (i.e., 27f), j is V(-1), L is the
inductance and C is the capacitance of the signal conductors.

At high frequencies, the impedance is primarily
determined by the capacitance and the inductance, and Equation
(1) reduces to:

"L_ .
z, {"é (2)

Thus, by reducing the capacitance to the signal conductors 60,
62, 64, the impedance of the signal conductors can be
maintained sufficiently high to match the characteristic
impedance of other circuit paths in an electronics system,
such as a notebook computer or the like. For example, it is
often desirable to provide a characteristic impedance of 50
ohms, an impedance frequently used in high frequency clock
circuits.

Where a plurality of signal conductors are positioned in
close proximity, such as the signal conductors 60, 62, 64 in

Figure 2, the conductors are preferably offset with respect to
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each other by a distance d that is a multiple of one-half the
diagonal distance D between the vertices of the squares formed
by the conductive elements of the upper grid 20 and the lower
grid 40. That is:

Offset =n(=x) (3)

vl o

where n is an integer. This same positional relationship
between the signal corductors 60, 62, 64 1is preferably
maintained even if the signal conductors 60, 62, 64 are not
positioned to cross the grids at the vertices of the squares.
For example, 1f one conductor is positioned to pass a small
distance from the vertices of the squares, the other
conductors should pass the same distance from the vertices so
that the impedances of the conductors are substantially equal.

To obtain a circuit board that is capable of thousands of
flexures, the thickness of the flexible cable in the 2
direction must be kept to a minimum. However, the grids must
have a sufficient amount of metal to withstand repeated
flexes, such as the opening and closing of the display of a
notebook computer. In one preferred embodiment of the
present invention, a flexible cable having an overall
thickness of 0.0085 inches is formed with a spacing of 0.005
inches between the shielding grids 20, 40 and with the signal
conductors 60, 62, and 64 positioned approximately in the
middle between the two grids. With this thickness, it has
been found that a grid having approximately 23% metal content
(i.e., in each grid square, approximately 23% of the area is
metal and approximately 77% of the area 1is open). This
configuration provides an impedance of approximately 50 ohms.

For commercial purposes, it 1is desirable that the

shielding provide an effectiveness of at least 20 decibels.
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It can be shown that the sﬁielding effectiveness can be

expressed as:

_ A
S =20 log <§7) (4)

With a 23% metal area, a spacing D of approximately 0.060
inches provides a shielding effectiveness of approximately
29 dB, well within the 20 dB required for commercial purposes.

Occasionally, the signal conductors 60, 62, 64 have to be
rerouted for a variety of reasons, for instance, to conform to
design layouts or to make connections between ports that are
not aligned along a line parallel to the Y axis. In such
cases, the signal conductors 60, 62, 64 have to be reoriented
to make such connections. As illustrated in Figure 4, such
changes in direction may be accomplished while keeping the
impedance discontinuities of the signal lines to a minimum.
To accomplish a ninety degree change in direction, a signal
conductor 70 comprising a first section 72 is oriented along
the vertices of the grids 20, 40 in a direction parallel to
the Y axis. The first section 72 extends into a second
section 74 which is oriented at 45 degrees with respect to the
first section. The second section 74 then extends into a
third section 76 which is oriented at 45 degrees with respect
to the second section 74 and thus 90 degrees with respect to
the first section 72. As illustrated, the first 45-degree
turn in the signal conductor 70 occurs approximately halfway
between a vertex of the upper grid 20 and a vertex of the
lower grid 40. The second section 74 of the conductor 70
travels along a path parallel to but spaced apart from the
conductive elements of both the upper grid 20 and the lower
grid 40. The second 45-degree turn occurs substantially
halfway between vertices of the upper and lower grids, 20, 40,
and the third section 76 then propagates from vertex to vertex
as before, but parallel to the X axis rather than the Y axis.

The invention discussed above and depicted in Figures 1-4

provides a flat cable or flexible circuit board having
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flexible reference planes, capable of thousands of flexures in
a stripline design, and achieving a desired impedance that
permits transfer of the signals without degradation to the
signal quality while providing an acceptable shielding
capability. This design is based on a pair of symmetrical,
shifted reference planes and centered stripline conductors.
It is particularly useful in applications where a thin
flexible circuit, of approximately 5 mils, is required.

However, there also exists a need in the art to provide
a circuit board with increased impedance without resorting to
one of the traditional methods which have side effects. For
example, increasing the spacing between the signal line and
the shield decreases the capacitance and thus increases the
impedance; however, the increased spacing will likely increase
the circuit board thickness, which is undesirable in many
applications. The capacitive coupling between the signal
lines and the shield may be decreased by decreasing the
conductor width or the conductor thickness which also can
increase the impedance. But again, such changes may be
undesirable. In addition, the impedance may be varied by
using either nonhomogeneous or nonstandard dielectric
material. There is the additional need in the art to achieve
this desired increased impedance that permits the transfer of
signals without degradation of the signal quality or loss of
signal density, while providing an ' acceptable shielding
capability. Such goals can be met by the invention discussed
in detail below.

Figure 5 depicts a plan view of a preferred embodiment of
the printed circuit board 100 of the present invention,
implemented as a high impedance bus 112. As depicted in
Figure 5, the high impedance bus 112 may be implemented as one -
section of a ©printed circuit board. This permits
interconnection between integrated circuits 114A, 114B, 114C
along the bus 112 which have to be connected via high
impedance conductors. A solid ground plane 116 surrounds the
high impedance area 112 so that routing of T"ordinary"

impedance signals 1s possible. Alternatively, the high
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impedance area 112 may be utilized in several sections or
comprise an entire layer on the circuit board 100.

As illustrated in Figure 5, the circuit board 100 of the
present invention comprises a first plurality of signal
conductors 120, 122, 124, a reference grid 130 comprising a
set of electrically conductive elements, and a second
plurality of signal conductors 140, 142, 144, all of which are
aligned in predetermined locations with respect to one another
as will be described below.

In an alternative embodiment of the present invention,
the signal conductors 120, 122, 124 may be provided over the
reference grid 130 without the presence of a second plurality
of signal conductors below the grid 130. In yet another
embodiment, the signal conductors 120, 122, 124 may be
provided below the reference grid 130 without the presence of
a second plurality of signal conductors over the grid 130.

As illustrated in Figure 5, the reference grid 130 has a
uniform pattern, which in the preferred embodiment, is
selected to be a repeating pattern of squares formed by the
electrically conductive elements 132, 134 which form the grid
130. As 1illustrated, in the preferred embodiment, the
elements 132 of the grid 130 are perpendicular to the elements
134. Preferably, the grid 130 is formed by printed circuit
board etching techniques by removing copper or other
conductive material from a printed circuit board blank such
that the conductive material remaining after etching forms the
conductive elements 132, 134.

In particular, for reasons set forth below, the squares
are oriented at 45 degrees with respect to the principle
orientation of the signal conductors 120, 122, 124 such that
the electrically conductive elements appear as cross-hatching
with respect to the signal conductors 120, 122, 124.
Likewise, the squares are oriented at 45 degrees with respect
to the principle orientation of the signal conductors 140,
142, 144. However, for reasons set forth below, the signal
conductors 120, 122, 124 are oriented at 90 degrees with

respect to the signal conductors 140, 142, 144.
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Figure 6 is an enlarged view of a section 6-6 from Figure
5. Although only two signal conductors, namely conductor 120
and 140 are illustrated in Figure 6, it is understood that
they are depicted for illustrative purposes only, and that the
following description applies to the signal conductors 120,
122, 124, 140, 142, and 144. As shown in Figure 6, each of
the grid squares has four vertices formed by the intersection
of two of the electrically conductive elements 132, 134 of the
grids 130. The diagonal distance between the two oppositely
disposed vertices, for ekample, a pair of vertices 136 and 138
of the grid 130, forms the greatest open distance D between
any two conductive elements. The distance D can be considered
as the size of a slot in the reference grid 130. As is well
known in the art of shielding electrical signals, if the slot
size is the largest opening of the grid, and if the distance
is less than one-half the wavelength of the highest signal
frequency propagating in any of the signal conductors 120,
122, 124, 140, 142, 144, then the reference grid 130 forms an
effective barrier to the emission of electromagnetic energy
from the signal conductors 120, 122, 124, 140, 142, 144. It
should be understood that an electrical clock signal having a
frequency of 100 MHz, for example, will have harmonics of many
times that frequency. The harmonics of the highest signal
frequency are considered when selecting the maximum allowable
spacing for the electrically conductive elements of the
reference grid 130. 1In the preferred embodiment, the distance
D is selected to be less than 1/20 the size of the smallest
expected wavelength of the signal traveling through the signal
conductors 120, 122, 124, 140,v142, 144.

As illustrated in Figure 7, the upper signal conductors
120, 122, 124 are located above the grid 130 and the lower
signal conductors 140, 142, 144 are located below the grid
130. As discussed above, the following description applies to
the signal conductors 120, 122, 124, 140, 142, and 144 even
though only conductors 120 and 140 are illustrated. The upper
signal conductor 120 is electrically insulated from the grid

130 by an upper insulator 152, and the lower signal conductor



10

15

20

25

30

35

WO 94/18812 PCT/US94/00980

.20

140 is electrically insulated from the grid 130 by a lower
insulator 154. The upper surface of the upper signal

conductor 120 is laminated with an insulator 156. The bottom

" surface of the lower signal conductor 140 is laminated with an

insulator 158. The layers are sandwiched together and held in
place by suitable adhesives known to the art.

In order to more fully wunderstand the following
description; it is helpful to establish an X, Y, Z coordinate
system for the drawing figures. The X and Y axes lie in a
horizontal plane as shown in Figures 5 and 6. The grid 130 is
in a plane parallel to the horizontal plane. Similarly, the
signal conductors 120, 122, 124 lie in a plane above and
parallel to the plane of the grid 130. The signal conductors
140, 142, 144 also lie in a plane below and parallel to the
plane of the grid 130. The principal orientations of the
signal conductors 120, 122, 124 are parallel to the X axis, as
illustrated in Figures 5 and 6. The corresponding principal
orientations of the signal conductors 140, 142, 144 are
parallel to the Y axis, as illustrated in Figures 5 and 6.
Alternatively, the signal conductors 120, 122, 124 may be
oriented parallel to the Y axis, with the corresponding signal
conductors 140, 142, 144 oriented parallel to the X axis. For
discussion purposes, the former orientation is utilized. The
Z axis is pérpendicular to the X and Y axes as shown in Figure
7.

As illustrated in Figures 5 and 6, the conductive
elements 132, 134 of the grid 130 are oriented so that the
elements are oriented at 45 degrees to the X axis and the Y
axis and so that the diagonals of the squares formed by the
conductive elements 132, 134 are parallel to the X axis or
parallel to the Y axis.

As further illustrated in Figure 5} the signal conductors
120, 122, 124 are preferably positioned so that the signal
conductors 120, 122, 124 extend from vertex to vertex of the
squares defined by the conductive elements of the grid 130
along and parallel to the X-axis. Similarly, the signal

conductors 140, 142, 144 extend from vertex to vertex of the
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squares defined by the conductive elements of the grid 130
along and parallel to the Y-axis. With the signal conductors
120, 122, 124 positioned in this manner, the signal conductors
120, 122, 124 pass over the vertices of the grid 130 parallel
to the X axis and the signal conductors 140, 142, 144 pass
below the wvertices of the grid 130 parallel to the Y-axis.
Thus, the signal conductors 120, 122, 124 and 140, 142, 144 do
not lie between the elements of the grid 130 at any location.
This maintains a minimal capacitance between the upper signal
conductors 120, 122, 124 and ground and the lower signal
conductors 140, 142, 144 and ground at all locations.
Furthermore, by positioning all the conductors in the same
positions with respect to the conductive elements of the grid
130, the <characteristic impedances of the electrical
conductors 120, 122, 124 can be effectively matched with
respect to each other.

The impedance of low loss conductors such as the signal
conductors 120, 122, 124, 140, 142, 144 is generally a
function of resistance, conductance, éapacitance and

inductance as follows:

where Z, 1s the characteristic impedance of the signal
conductors, R is the resistance, G is the conductance, w is
the frequency in radians (i.e., 2wf), j is /(-1), L is the
inductance and C is the capacitance of the signal conductors.

At high frequencies, the impedance 1is primarily
determined by the capacitance and the inductance, and Equation

(5) reduces to:
Z:JVE’ (6)
0 c

By reducing the capacitive coupling of the conductor to

the reference plane, the value of C in the denominator of
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Equation (6) is reduced and Ehe characteristic impedance is
increased (i.e., the impedance is inversely proportional to
the capacitance per unit length of the conductor). This has
the apparent effect of moving the reference plane further away
from the conductor which increases the characteristic
impedance of the signal conductors.

Figure 8 illustrates a cross-sectional view of the
present invention implemented within a six-layer circuit board
200. The top three layers 202 in Figure 8 comprise the upper
signal conductor 120, reference grid 130 and lower signal
conductor 140 of the present invention. The signal conductor
120 is located on the first layer 204; the reference grid 130
is located on the second layer 206; and the lower signal
conductor 140 is located on the third layer 208. The lower
three layers 210 represent the transmission 1lines and
reference planes of a conventional microstrip design. The
first layer 212 of these three lower layers 210 comprises a
first signal conductor 214; the second layer 216 of the three
lower layers 210 comprises a solid reference plane 218; and
the third layer 220 comprises a second signal conductor 222.
The layers 204, 206, 208, 212, 216 and 220 are electrically
insulated from each other by insulators, sandwiched together
and held in place by suitable adhesives known in the art.

The relationship between the characteristic impedance and
the distance between the conductor and the reference plane for
a conventional microstrip transmission line is illustrated by

the formula:

(7)

' R -1
Z, = _5_9__9_ n E-{ 16(2) +2 -1 € ln1+ilné
2 (e +1) w 2 2 €,

where:

h is the separation between the surface conductor and

the reference plane;

w is the width of the conductor; and
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€, is the dielectric constant of the material between

the conductor and the reference plane.

The relationship between the characteristic impedance and

the separation between the conductor and the reference planes

5 for a conventional centered stripline is governed by the
formula:
. - - - 2
Z, = Mo 1n1.0+4'0(b t) &.O(b t) . (B.O(b t))+6.27 Q
2.0m/E, Tw' K Tw'
(8)
where:
w o =w+ B¢
t
Aw 1.0 9n e ]
t ™
1
()2 + (2T e
2.0 —+1.1
t+1 t
m= 2 0t
3.0+ —
(b-t)

b is the separation between the conductor and solid

10 reference plane;
| t is the thickness of the conductor; and
Mo is the intrinsic impedance of the conductor.
Equations (7) and (8) provide  more accurate

representations of the relationship between the characteristic

15 impedance and the separation between the conductor and

reference plane(s) for the microstrip and stripline designs,
respectively.

Conventionally, the impedance of circuit board

transmission lines was increased by actually increasing the
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distance between the conductor and the reference plane. With
reference to Figure 8, Equation (7) and Equation (8), this
would mean increasing h for the microstrip layers and b for
stripline layers. As a result, all of the conductors on those
layers would increase in impedance accordingly. If "ordinary"
board impedances of 50 to 65 Q are also required on the same
plane as the high impedance layers, it would be necessary to
increase the width (w) of the conductors to maintain the
predominant 50 and 65 Q impedances of the other signals on the
board. | |

Unfortunately, the needed line width (w) would have to
increase from the desired 4 or 5 mils to 27.3 and 16.4 mils
respectively to maintain these impedances. These line widths
will not fit between fine pitch device pads and, therefore,
would have to be routed around integrated circuit chips such
as those illustrated in Figure 5. Furthermore, conductors of
"ordinary" impedance that are routed from other layers onto
the high impedance layer would need to have their widths
adjusted from layer to layer to maintain matched impedance
long their entire length. Even without the problems
encountered with trying to route between fine pitch device
pads, increasing h or b would result in approximately 2.7
times less signal density, since fewer signal lines can be
implemented on the same layer. Additionally, the needed
increase in b for a stripline conductor would result in a
board thickness far exceeding the standard circuit board
specification of 62 mils.

'~ As discussed above, the present invention permits the
construction of signal conductors, in selected areas, with a
much wider range of impedances than in traditional design.
This is done by the introduction of a new variable not
considered in traditional microstrip and stripline designs,
which has significant influence over the impedance of the
conductor. This new variable is the percent copper used in
the construction of the reference plane. Traditional
references planes are solid. To increase the characteristic

impedance conventionally, the separation between the signal
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conductor and the reference plane must be physically
increased.

The present invention permits the increase of impedance
without physically increasing the separation between signal
conductors and the reference plane. Thus, impedance can be
increased without increasing circuit board thickness. In
addition, the impedance of signal conductors may be varied
over a wide range by changing the percent copper used in the
construction of the reference plane. The present invention
also effectively elimihates the problems associated with
traditional microstrip and stripline designs, as discussed
above.

While the present invention has the apparent effect of
increasing the distance between the signal conductor and the
reference plane, it has this effect only in the area it is
applied and only to the two signal layers immediately adjacent
to the reference plane, thus not changing the characteristics
of the transmission lines in the rest of the circuit board.
Thus, in Figure 8, the signal conductors 120 and 140 in layers
204 and 208, respectively, will exhibit high impedance by
virtue of the grid 130 while the signal conductors 214 and 222
in layers 212 and 220 respectively, will not be affected by

the existence of the grid 130 and will operate at normal

impedance.
For instance, with design parameters of x = 10 mils,
b = 40.8 mils, h = 8 mils and an 8-mils wide conductor, the

impedance of the signal conductor 120 (a microstrip) 1is
approximately 92 ohms when a grid comprising 17% copper is
used. Using the same design parameters and a 6-mils wide
conductor, the impedance of the signal conductor 140 (a
stripline) is approximately $2 ohms.

In addition, the effect of using a crosthatch reference
plane in layer two with 17% copper would leave the impedance
for the signal conductor 214 in layer 212 virtually
unaffected, while the impedance of signal conductor 222 in

layer 220 is completely unaffected.
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A further advantage of the present invention is the
virtual elimination of one source of crosstalk, namely forward
crosstalk, from those signals routed under the grid 130.
Crosstalk is the effect of coupling the signal of one channel
into another. Crosstalk may arise from a number of sources,
one of which is the unbalance of cable parameters, in
particular, the capacitance and inductance between conductors.
Due to this unbalance, net coupling of the signal of one
conductor into another can result.

Such unbalance is generally aggravated when a conductor
is exposed to nonhomogeneous media, as is the case with
traditional microstrip construction. This is because forward
crosstalk is the result of the difference between odd and even
trace velocities, as known in the art. In a homogeneous
medium, the odd and even trace velocities are equal and cancel
each other out, resulting in the elimination of forward

crosstalk. In nonhomogeneous media, these two velocities are

unequal, resulting in a non-zero factor and giving rise to

forward crosstalk. In traditional constructions which permit
high impedances, such as microstrip construction, conductors
interface with at least three different dielectrics, typically
FR-4, solder mask and air. This nonhomogeneous environment
results in differing even and odd trace velocities which
result in forward crosstalk.

In the present invention, signals can be routed in a
quasi-stripline environment through the signal conductor 140
below the grid 130, particularly when it is necessary to run
signals via conductors parallel to each other for electrically
long distances. "Electrically long" distances are distances
approaching A/4 where maximum coupling occurs. Because the
conductors 140, 142, 144 on layer 208 are routed in a nearly
homogenous environment, the difference in the odd and even
trace velocities is nearly zero and thus forward crosstalk
approaches zero. As a result, the present invention virtually
eliminates forward crosstalk.

Where a plurality of signal conductors are positioned in

close proximity, such as the signal conductors 120, 122, 124
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or 140, 142, 144 in Figure 5,Mthe conductors 120, 122, 124 or
140, 142, 144 are preferably offset with respect to each other
by a distance d that is a multiple of one-half the diagonal
distance D between the vertices of the squares formed by the
conductive elements of the grid 130. The relationship between
the offset and the diagonal distance D is illustrated in
Equation (3).

This same positional relationship between the signal
conductors 120, 122, 124 or 140, 142, 144 is preferably
maintained even if the signal conductors 120, 122, 124 or 140,
142, 144 are not positioned to cross the grid 130 at the
vertices of the squares. For example, if one conductor is
positioned to pass a small distance from the vertices of the
squares, the other conductors should pass the same distance
from the vertices so that the impedances of the conductors are
substantially equal.

In addition to the above described advantages, this new
design allows unprecedented shielding for the high impedance
lines routed under the reference grid. Since the present
design allows the routing of high impedance conductors on both
layers 204 (microstrip or embedded microstrip) and 208
(stripline, or quasi-stripline) in Figure 8, it is possible to
route high impedance signals only through conductors on layer
208 on a typical six-layer board. In addition, if more high
impedance conductors are desired, a gridded reference plane
may be used on layer 216, and conductor 214 on layer 212 will
provide the required additional high impedance, while the grid
on layer 216 will provide the necessary shielding.

For commercial purposes, it is desirable that the
shielding provide an effectiveness of at least 20 décibels.
The present design can provide significant attenuation of
typical frequencies (100 MHz - 500 MHz) encountered at near
nanosecond rise times. The relationship between shielding
effectiveness, the maximum dimension (D) of the slot, and the
wavelength of the signal in the conductor is expressed in
Equation (4). With a 23% metal area, a spacing D of
approximately 0.060 inches provides a shielding effectiveness
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of approximately 29 dB, well within the 20 dB required for
commercial purposes.

Occasionally, the signal conductors 120, 122, 124 or 140,
142, 144 have to be rerouted for a variety of reasons, for
instance, to conform to design layouts or to make connections
between ports that are not aligned along a line parallel to
the Y axis. In such cases, the signal conductors 120, 122,
124 or 140, 142, 144 have to be reoriented to make such
connections. As illustrated in Figures 5, 9 and 10, such
changes in direction may be accomplished while keeping the
impedance discontinuities of the signal lines to a minimum.
To accomplish a ninety-degree change in direction, a signal
conductor 124 located above a grid 130 is first oriented along
the vertices of the grid 130 in a direction parallel to the X
axis. A via 134 is drilled through the circuit boards
comprising the first signal conductor 124 and the grid 130 to
a second conductor 144 lying below the grid 130. The second
conductor 144 is oriented at 90 degrees with respect to the
first conductor 130 and also oriented along the vertices of

- the grid 130 in a direction parallel to the Y-axis. The first

conductor 124 is electrically connected to the second
conductor 144 by means of the via 134, which is filled with
solder, as known in the art. In this manner, signal
conductors may be rerouted while keeping discontinuities to a
minimum.

Accordingly, the present invention allows the microstrip
and stripline designer to select from a much wider range of
impedances over traditional designs. This design is
especially useful in providing very high impedance conductors
in selected areas of a circuit board without increasing the
thickness of standard circuit boards, without decreasing the -
width or thickness of signal conductors, and without resorting
to the use of nonhomogeneous or nonstandard dielectrics. The
present invention also provides high impedance while
maintaining high signal density, a significant level of
shielding, while reducing crbsstalk between high impedance

conductors.
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Although this invention has been described in terms of a
certain preferred embodiment, other embodiments apparent to
those of ordinary skill in the art are also within the scope
of this invention. Accordingly, the scope of the invention is
intended to be defined only by the claims which follow.
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WHAT IS CLATMED TIS:

1. A circuit board, comprising:

a first shielding grid with a first predetermined
configuration defined in a first plane;

a second shielding grid with a second predetermined
configuration defined in a second plane, said second
shielding grid being positioned from said first shielding
grid along a predetermined offset; and

a conducting element positioned between said first
and second grids éo that said conducting element is
positioned at a predetermined location with respect to

said first and second grids.

2. The circuit board of Claim 1, wherein each of said
first and second predetermined configurations comprise

conductive elements interconnected in a geometric pattern.

3. The circuit board of Claim 2, wherein said
geometrical pattern' comprises an opening between said
conductive elements, and wherein a largest dimension of said
opening is less than half a wavelength of a highest frequency
of a signal conducted by said conducting element.

4. The circuit board of Claim 3, wherein said largest
dimension of said opening is less than one-twentieth of the
wavelength the highest frequency of a signal conducted by said

conducting element.

5. The circuit board of Claim 4, wherein said circuit

board further comprises a second conducting element.

6. The circuit board of Claim 5, wherein said second
conducting element is substantially parallel to said first

conducting element.

7. The circuit board of Claim 6, wherein said second
conducting element is located at an offset of an integer
multiple of half the distance of the largest dimension of said

opening of said grid.
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8. The circuit board of Claim 7, wherein said offset is
a factor of half the distance of the largest dimension of the
opening of said grid.

9. The circuit board as defined in Claim 2, wherein

said geometric pattern is a square.

10. The circuit board of Claim 1, wherein said
predetermined location of said conducting element 1is
determined by the vertices of said grids.

11. The circuit board of Claim 1, wherein said first and
second grids and said conducting element comprise a flexible

cable.

12. The circuit board'of Claim 1, wherein:

said first shielding grid comprises a first
plurality of conductive elements oriented in a first
direction and a second plurality of conductive elements
oriented in a second direction perpendicular to said
first direction so that said first plurality of
conductive elements and said second plurality of
conductive elements form a plurality of squares, said
squares having vertices corresponding to the
intersections of said first and second pluralities of
conductive elements, said vertices having a diagonal
distance therebetween along diagonal directions at 45
degrees to said first and second directions;

said second shielding grid is structurally identical
to said first shielding grid, said second shielding grid
positioned substantially parallel to said first shielding
grid so that the intersections of said conductive
elements of said first shielding grid are spaced apart
from said intersections of said second shielding grid in
said diagonal directions by a distance substantially
equal to one-half said diagonal distance; and

said circuit board comprises a plurality of signal

conductors positioned between said shielding grids and
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oriented in a direction substantially parallel to one of

saild diagonal directions.

13. The flexible cable as defined in Claim 12, wherein

said signal conductors are oriented to pass proximate to the

vertices of said squares.

14. A method of constructing a circuit board, comprising

the steps of:

20

25

30

positioning a first shielding grid with a first
predetermined configuration in a first plane;

positioning a second shielding grid with a second
predetermined configuration in a second plane parallel to
said first plane and offsetting said second shielding
grid from said first shielding grid in a predetermined
direction in said second plane; and

positioning a conducting element between said first
and second grids so that said conducting element is
positioned at a predetermined location with respect to

said first and second grids.

15., The method as defined in Claim 14, wherein:

said first plane is on one said of said conducting
element and said first predetermined configuration
comprises a plurality of intersections of conductive
elements;

said second plane is on an opposite side of said
conducting elements and is parallel to said first plane,
said second shielding grid comprising a plurality of
intersections of conductive elements, said second grid
aligned with respect to said first grid‘ so that
intersections of conductive elements of said second grid
have a predetermined offset from intersections of
conductive elements of said second grid; and

said signal conductors are oriented along lines
parallel to lines connecting said intersections of

conductive elements of said first and second grids.
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16. A circuit board, comprising:

a shielding grid having a predetermined
configuration comprising conductive elements
interconnected in a geometric pattern; and

a first conducting element positioned adjacent to
said grid so that said conducting element is positioned

at a predetermined location with respect to said grid.

17. The circuit board of Claim 16, wherein said

predetermined location of said first conducting element is

determined by the vertices of said grid.

said
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said

18. The circuit board as defined in Claim 16, wherein

predetermined pattern is a square.

19. The circuit board as defined in Claim 16, wherein:

said grid comprises a first plurality of conductive
elements oriented in a first direction and a second
plurality of conductive elements oriented in a second
direction perpendicular to said first direction so that
said first plurality of conductive elements and said
second plurality of conductive elements form a plurality
of squares, said squares having vertices corresponding to
the intersections of said first and second pluralities of
conductive elements, said vertices having a diagonal
distance therebetween along diagonal directions at 45
degrees to said first and second directions;

said first plurality of signal conductors are
positioned adjacent said grid and oriented in a direction
substantially parallel to one of said diagonal
directions; and

a second plurality of signal conductors are
positioned adjacent said grid, oriented in a direction -
substantially perpendicular to said first plurality of
signal conductors.

20. The circuit board as defined in Claim 19, wherein

first plurality of signal conductors are oriented to pass

proximate to the vertices of said squares.
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21. The circuit board of Claim 16, wherein said
geometric pattern comprises an opening between said conductive
elements, and wherein a largest dimension of said opening is
less than half a wavelength of a highest frequency of a signal

conducted by said first conducting element.

22. The circuit board of Claim 21, wherein said largest
dimension of said opening is less than one-twentieth of the
wavelength the highest frequency of a signal conducted by said

first conducting element.

23. The circuit board of Claim 21, further comprising a
second conducting element, substantially parallel to said
first conducting element, said second conducting element
located at an offset from said first conducting element, said
offset being an integer multiple of half the distance of the

largest dimension of said opening of said grid.

24. The circuit board of Claim 23, wherein said circuit
board further comprises a third conducting element adjacent to
said grid in a direction opposite said first conducting
element, wherein said third conducting element is positioned
at a second predetermined location with respect to said first

conducting element.

25. The circuit board of Claim 23, wherein said third
conducting element is substantially perpendicular to said

first conducting element.

26. The circuit board of Claim 24, further comprising a
fourth conducting element, substantially parallel to said
third conducting element, said fourth conducting element being
located at an offset of an integer multiple of half the
distance of the largest dimension of said opening of said grid

from said third conducting element.

27. A method of increasing the impedance on a circuit
board having electrical signal conductors, comprising the
steps of:

positioning a single shielding grid with a

predetermined configuration adjacent to said signal
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conductors, said configuration comprising a plurality of
intersections of conductive elements; and

orienting said signal conductors along lines
parallel to 1lines connecting said intersections of

conductive elements of said grid.
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