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HIGH EFFICIENCY SLOT FED MICROSTRIP ANTENNA
HAVING AN IMPROVED STUB

DescriEtion of the Related Art

RF circuits, transmission lines and antenna elements
are commonly manufactured on specially designed substrate

boards. Conventional circuit board substrates are generally

formed by processes such as casting or spray coating which

generally result in uniform substrate physical properties,

including the dielectric constant. *

For the purpose of RF circuits, it is generally

important to maintain careful control over impedance

g

characteristics. If the impedance of different parts of the

circuit do not match, signal reflections and inefficient power

transfer can result. Electrical length of transmission lines

and radilators in these circuits can also be a critical design

factor.

Two critical factors affecting circuit performance

relate to the dielectric constant (sometimes referred to as

the relative permittivity or &,) and the loss tangent

(sometimes referred to as the dissipation factor or o) of the

dielectric substrate material. The dielectric constant

determines the electrical wavelength in the substrate

material, and therefore the electrical length of transmission

lines and other components disposed on the substrate. The

loss tangent determines the amount of signal loss that occurs

for signals traversing the substrate material. ILosses tend to

increase with increases in frequency. Accordingly, low loss

materials become even more important with increasing

frequency, particularly when designing receiver front ends and

low noise amplifier circuits.

Printed transmission lines, passive circuits and

radiating elements used in RF circuits are typically formed in

pr—

one of three ways. One configuration known as microstrip,

-1 —
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places the signal line on a board surface and provides a

second conductive layer, commonly referred to as a ground

plane. A second type of configuration known as buried

microstrip is similar except that the signal line is covered

with a dielectric substrate material. In a third

configuration known as stripline, the signal line is

sandwlched between two electrically conductive (ground)

planes.

pr——
Bt

In general, the characteristic impedance o:

a

parallel plate transmission line, such as stripline or

microstrip line, is approximately egual to \/L,/C, ;, where L, 1is

the inductance per unit length and (, is the capacitance per

unit length. The values of L, and (, are generally determined

by the physical geometry and spacing of the line structure as

g

well as the dielectric constant of the dielectric material (s)

used to separate the transmission lines.

In conventional RF designs, a substrate material 1is

selected that has a single dielectric constant and relative

permeability value, the relative permeability value being

about 1. Once the substrate material is selected, the line

characteristic impedance value is generally exclusively set by

controlling the geometry of the line, the slot, and coupling

characteristics of the line and the slot.

Radio frequency (RF) circuits are typically embodied

in hybrid circuits in which a plurality of active and passive

clircult components are mounted and connected together on a

surface of an electrically insulating board substrate, such as

a ceramic substrate. The various components are generally

interconnected by printed metallic conductors, such as copper,

gold, or tantalum, which generally function as transmission

lines (e.g. stripline or microstrip line or twin-line) in the

frequency ranges of interest.
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The dielectric constant of the selected substrate

material for a transmission line, passive RF device, or

radiating element determines the physical wavelength of RF

energy at a given frequency for that structure. One problem

5> encountered when designing microelectronic RF circuitry is the

selection of a dielectric board substrate material that is

reasonably suitable for all of the various passive components,

radiating elements and transmission line circuits to be formed

on the board.

10 In particular, the geometry of certain circuit

elements may be physically large or miniaturized due to the

p—

unique electrical or impedance characteristics required for

such elements. For example, many circuit elements or tuned

circults may need to have an electrical length of a quarter of

15 a wavelength. Similarly, the line widths required for

exceptionally high or low characteristic impedance values can,

in many instances, be too narrow or too wide for practical

implementation for a given substrate. Since the physical size
of the microstrip line or stripline is inversely related to

200 the dielectric constant of the dielectric material, the

dimensions of a transmission line or a radiator element can be

gr— gr—

affected greatly by the choice of substrate board material.

Still, an optimal board substrate material design

choice for some components may be inconsistent with the

25 optimal board substrate material for other components, such as

antenna elements. Moreover, some design objectives for a
circuit component may be inconsistent with one another. For

example, 1t may be desirable to reduce the size of an antenna

element. This could be accomplished by selecting a board
30 material with a high dielectric constant with values such as

50 to 100. However, the use of a dielectric with a high

dielectric constant will generally result in a significant

g—

reduction in the radiation efficiency of the antenna.
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Antenna elements are sometimes configured as

microstrip slot antennas. Microstrip slot antennas are useful

antennas since they generally require less space, are simpler

and are generally less expensive to manufacture as compared to

other antenna types. In addition, importantly, microstrip

slot antennas are highly compatible with printed-circuit

technology.

One factor in constructing a high efficiency

microstrip slot antenna is minimizing the power loss, which

may be caused by several factors including dielectric loss.

4

Dielectric loss 1s generally due to the imperfect behavior o:

bound charges, and exists whenever a dielectric material is

placed in a time varying electromagnetic field. The

dielectric loss, often referred as loss tangent, is directly

proportional to the conductivity of the dielectric medium.

Dielectric loss generally increases with operating frequency.

g

The extent of dielectric loss for a particular

microstrip slot antenna is primarily determined by the

gr—

dielectric constant of the dielectric space between the

radiator antenna element (e.g., slot) and the feed line. Free
space, or air for most purposes, has a relative dielectric
constant and relative permeability approximately equal to one.

A dielectric material having a relative dielectric

constant close to one is considered a "good" dielectric

material as a good dielectric material exhibits low dielectric

loss at the operating frequency of interest. When a

dielectric material having a relative dielectric constant

substantially equal to the surrounding materials is used, the

dielectric loss due to 1lmpedance mismatches is effectively

eliminated. Therefore, one method for maintaining high

efficlency 1n a microstrip slot antenna system involves the

use of a material having a low relative dielectric constant in

the dielectric space between the radiator antenna slot and the

microstrip feed line exciting the slot.

— ]
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Furthermore, the use of a material with a lower

dielectric constant permits the use of wider transmission

lines that, in turn, reduce conductor losses and further

improve the radiation efficiency of the microstrip slot

antenna. However, the use of a dielectric material having a

low dielectric constant can present certain disadvantages,

pr—

such as the large size of the slot antenna fabricated on a low

dielectric constant substrate as compared to a slot antenna

fabricated on a high dielectric constant substrate.

P

The efficiency of microstrip slot antennas is

g

compromised through the selection of a particular dielectric

material for the feed which has a single uniform dielectric

constant. A low dielectric constant is helpful in allowing

wider feed lines, that result in a lower resistive loss, to

g

the minimization of the dielectric induced line loss, and the

g—

minimization of the slot radiation efficiency. However,

avallable dielectric materials when placed in the junction

region between the slot and the feed result in reduéed antenna

radiation efficiency due to the poor coupling characteristics

through the slot.

A tuning stub is commonly used to tune out the
excess reactance in microstrip slot antennas. However, the

impedance bandwidth of the stub is generally less than both

the impedance bandwidth of the radiator and the impedance

bandwidth of the slot. Therefore, although conventional stubs

can generally be used to tune out excess reactance of the

antenna circuit, the low impedance bandwidth of the stub

generally limits the performance of the overall antenna

circuit.

SUMMARY OF THE INVENTION

The performance of a microstrip antenna can be

optimized by improving the performance of the feed stub. A

(i

feed stub 1s commonly used to tune out the excess reactance of

-5
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slot fed antennas, but has limited design flexibility because

p—a

of the constraints imposed by a common uniform dielectric

substrate. The common dielectric substrate is generally

selected to obtain good transmission line characteristics.

Using the invention, the dielectric substrate region across

the slot as well as underlying the stub can be optimized

separately from the dielectric substrate characteristics

needed for good transmission line characteristics.

In addition, the stub impedance bandwidth can be

improved by disposing the feed stub on a high dielectric

constant material. The high dielectric region preferably

includes optional magnetic particles therein for a further

-

~

ficiency enhancement. By including magnetic particles in

the dielectric region underlyving the stub, the intrinsic
impedance of the dielectric junction region disposed between

the feed line and slot can be matched to the dielectric

material underlying the stub. Impedance matching these regions
can reduce the amount of signal distortion and ringing caused

by the discontinuity.

A slot fed microstrip antenna includes an

electrically conducting ground plane, the ground plane having

at least one slot. A feed line transfers signal energy to or

from the slot, the feed line including a stub region which

- extends beyond the slot. A first dielectric layer 1s disposed

between the feed line and the ground plane, the first

dielectric layer having a first set of dielectric properties

including a first relative permittivity over a first region,

and at least a second region of the first dielectric layer

 an d

having a second set of dielectric properties. The second set

of dielectric properties provide a higher relative

permittivity as compared to the first relative permittivity.

The stub 1s disposed on the second region.

The first dielectric layer preferably includes

-~

magnetic particles. At least a portion of the magnetic

—6—
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particles are disposed in the second region which underlies

the stub. The second region can provide a relative

permeability of at least 1.1.

pr—

The intrinsic impedance of the dielectric junction

region disposed between the feed line and slot is impedance

matched to the second region which underlies the stub. This

reduces ringing and signal distortion. The intrinsic
lmpedance of the dielectric junction region can also be

1mpedance matched to an intrinsic impedance of an environment

around the antenna. As used herein, the phrase "intrinsic

impedance matched" refers to an impedance match which is
improved as compared to the intrinsic impedance matching that

would result given the respective actual permittivity wvalues

of the regions comprising the interface, but assuming the

relative permeabilities to be 1 for each of the respective
regions. As noted earlier, prior to the invention, although

board substrates provided a choice regarding a single relative

permittivity value, the relative permeability of the board

substrates available was necessarily equal nearly 1.

The first dielectric layer can comprises a ceramic

material, the ceramic material having a plurality of wvoids, at

least a portion of the voids filled with magnetic particles.

The magnetic particles can comprise meta-materials. The

antenna can be a patch antenna by including at least one patch

radlator and a second dielectric layer, the second dielectric

layer disposed between the ground plane and the patch

radiator. The second dielectric layer can include a third

g

region which provides a third set of dielectric properties

including a third relative permittivity, and at least a fourth

region including a fourth set of dielectric properties

including a fourth relative permittivity. The fourth relative

permittivity is higher as compared tc the third relative

permittivity, wherein the patch is disposed on the fourth
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region. The fourth region can include magnetic particles and

provide a relative permeability of at least 1.1.

The invention can be used to impedance match the

various medium interfaces provided by the antenna. For

—

example, the intrinsic impedance of the fourth region

underlying the patch can match the intrinsic impedance of an

environment around the antenna. The intrinsic impedance of

the dielectric junction region disposed between the feed line

and slot can match the intrinsic impedance of the fourth

region and/or the second region underlying the stub.

The antenna can include multiple patches, such as a

first and a second patch radiator, the first and second patch

radiators being separated by a third dielectric layer. The

third dielectric layer can be structured in accordance with

the principles applied to the first and second dielectric

layers as explained above.

BRIEF DESCRIPTION OF THE DRAWINGS

a slot fed microstrip

xim

FIG. 1 is a side view o:

antenna formed on a dielectric which includes a high

dielectric region and a low dielectric region, wherein the

stub 1s disposed on the high dielectric region, according to

an embodiment of the invention.

—

FIG. 2 1s a side view of the microstrip antenna

shown in FIG. 1, with added magnetic particles in the

dielectric region underlying the stub.

FIG. 3 1s a side view of a slot fed microstrip patch
antenna which includes a first dielectric region including
magnetic particles disposed between the ground plane and the
patch, and a second dielectric region disposed between the
ground plane and the feed line which includes a high

dielectric region underlying the stub, the high dielectric
region including magnetic particles, according to another

embodiment of the invention.
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FIG. 4 is a flow chart that is useful for

illustrating a process for manufacturing a slot fed microstrip

antenna of reduced physical size and high radiation

efficiency.

FIG. 5 1s a side view of a slot fed microstrip

antenna formed on an antenna dielectric which includes

magnetic particles, the antenna providing impedance matching

from the feed line into the slot, the slot into the

environment, and the slot into the stub, according to an

embodiment of the invention.

 ad

FIG. 6 1is a side view of a slot fed microstrip patch

antenna formed on an antenna dielectric which includes

magnetic particles, the antenna providing impedance matching

from the feed line into the slot, and the slot to its

interface with the antenna dielectric beneath the patch and to

the stub, according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Low dielectric constant board materials are

ordinarily selected for RF designs. For example,

polytetrafluoroethylene (PTFE) based composites such as

RT/duroid ® 6002 (dielectric constant of 2.94; loss tangent of
.0012) and RT/duroid ® 5880 (dielectric constant of 2.2; loss

tangent of .0007) are both available from Rogers Microwave
Products, Advanced Circult Materials Division, 100 S.

Roosevelt Ave, Chandler, AZ 85226. Both of these materials

are common board material choices. The above board materials

p—
e

provide are uniform across the board area in terms of

thickness and physical properties and provide dielectric
layers having relatively low dielectric constants with

accompanying low loss tangents. The relative permeability of

both of these materials 1s near 1.

Prior art antenna designs utilize mostly uniform

dielectric materials. Uniform dielectric properties

~Q -
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necessarily compromise antenna per:

PCT/US2004/008947

“ormance. A low dielectric

constant substrate is preferred for transmission lines due to

loss considerations and

while a high dielectric constant substrate is pre:

for antenna radiation efficiency,

‘erred to

minimize the antenna size and optimize energy coupling. Thus,

ine:

conventional slot

antenna and the

i
p—

Even when separate substrates are used

g

ficilencies and trade-of:

feed line, the uni:

s necessarily result in

fed microstrip antennas.

for the

O

performance. For example,

T each substrate s

constant 1n slot fed antennas reduces the feed line

results 1n poor energy trans:

er ef;

‘iclency from the

form dielectric properties
t1ll generally compromises antenna

a substrate with a low dielectric

lLoss but

feed line

through the slot due to the higher dielectric constant in the

slot region.

clrcuit desilgner with an added level of flexibility

permitting the use of dielectric layers, or portions thereof,

with selectively controlled dielectric constant and

By comparison, the present invention provides the

by

n

permeability properties which can permit the circuit to be

optimized to improve the efficiency, the functionality and the

physical profile of

the antenna.

The dielectric regions may include magnetic

particles to impart a relative permeability in discrete

substrate regions that is not equal to one.
applications, the permeability is o:

rather than in absolute, terms. The relative permes

a material in question 1is the ratio of the material

In englneering

‘ten expressed in relative,

bility of

permeability to the permeability of free space, that is p, = pu

/

Ho. The permeability of free space is represented by the

symbol Wy and it has a value of 1.257 x 107 H/m.

permeability W, either greater than 1, or less than

Magnetic materials are me

—-10—

terlals having a relative

1.
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{

Magnetic materials are commonly classified into the three

groups described below.

Diamagnetic materials are materials which have a

relative permeability of less than one, but typically from
0.99900 to 0.99999. For example, bismuth, lead, antimony,

copper, zinc, mercury, gold, and silver are known diamagnetic

materials. Accordingly, when subjected to a magnetic field,

these materials produce a slight decrease in the magnetic flux
density as compared to a vacuum.
Paramagnetic materials are materials which have a

relative permeability greater than one and up to about 10.

Example of paramagnetic materials are aluminum, platinum,

manganese, and chromium. Paramagnetic materials generally

lose their magnetic properties immediately after an external

magnetic field is removed.

Ferromagnetic materials are materials which provide

a relative permeability greater than 10. Ferromagnetic

y—
)

materlals include a variety of ferrites, iron, steel, nickel,

cobalt, and commercial alloys, such as alnico and peralloy.

Ferrites, for example, are made of ceramic material and have

relative permeabilities that range from about 50 to 200.

As used herein, the term "magnetic particles" refers

to particles when intermixed with dielectric materials,

resulting in a relative permeability W, greater than 1 for the

dielectric material. Accordingly, ferromagnetic and

paramagnetic materials are generally included in this

definition, while diamagnetic particles are generally not

included. The relative permeability p, can be provided in a

large range depending on the intended application, such as
it.1, 2, 3, 4, 6, 8,10, 20, 30, 40, 50, 60, 80, 100, or higher,
or values 1n between these values.

The tunable and localizable electric and magnetic

properties of the dielectric substrate may be realized by

~11—
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including metamaterials in the dielectric substrate. The term

"Metamaterlals" refers to composite materials formed from the

mixing of two or more different materials at a very fine
level, such as the molecular or nanometer level.

According to the present invention, a slot fed

microstrip antenna design is presented that has improved

=

efficiency and performance over prior art slot fed microstrip

antenna designs. The improvement results from enhancements

including a stub which improves coupling of electromagnetic

energy between the feed line and the slot. A dielectric layer

disposed between the feed line and the ground plane provides a

first portion having a first dielectric constant and at least

a second portion having a second dielectric constant. The

second dielectric constant is higher as compared to the first

dielectric constant. At least a portion of the stub is

disposed on the high dielectric constant second portion.

f

Portions of the dielectric layer can include magnetic

particles, preferably including a dielectric region proximate

to the stub to further increase the efficiency and the overall

P

performance of the slot antenna.

Referring to FIG. 1, a side view of a slot fed
microstrip antenna 100 according to an embodiment of the
invention 1s presented. Antenna 100 includes a substrate

dielectric layer 105. Substrate laver 105 includes first

dielectric region 112, second dielectric region 113 (stub

region), and third dielectric region 114 (dielectric junction

region disposed between the feed line and slot ). First

dielectric region 112 has a relative permeability u; and

relative permittivity (or dielectric constant) g;, second

dielectric region 113 has a relative permeability of u, and a

relative permittivity of g;, and third dielectric region 114

has a relative permeability of M3 and a relative permittivity

of &5.

—-12~
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Ground plane 108 including slot 106 is disposed on

dielectric substrate 105. Antenna 100 can include an optional

dielectric cover disposed over ground plane 108 (not shown).

Feedline 117 is provided for transferring signal

energy to or from the slot. Feedline includes stub region

118. Feedline 117 may be a microstrip line or other suitable

feed configuration and may be driven by a variety of sources

via a suitable connector and interface.

Second dielectric region 113 has a higher relative
permittivity as compared to the relative permittivity in
dielectric region 112. For example, the relative permittivity
in dielectric region 112 can be 2 to 3, while the relative

permittivity in dielectric region 113 can be at least 4. For

example, the relative permittivity of dielectric region 113
can be 4, 6, 8,10, 20, 30, 40, 50, 60 or higher, or values in
between these values.

Although ground plane 108 i1s shown as having a
single slot 106, the 1nvention is also compatible with
multislot arrangements. Multislot arrangements can be used to

generate dual polarizations. In addition, slots may generally

be any shape that provides adeguate coupling between feed line

117 and slot 106, such as rectangular or annular.

Third dielectric region 114 also preferably provides
a higher relative permittivity as compared to the relative
permittivity 1n dielectric region 112 to help concentrate the
electromagnetic fields in this region. The relative

permittivity in region 114 can be higher, lower, or equal to

the relative permittivity in region 113. In a preferred
embodiment of the invention, the intrinsic impedance of region

114 is selected to match i1ts environment. Assuming alr is the

environment, the environment behaves like a vacuum. In that

case, M - & will impedance match region 114 to the environment.

Dielectric region 113 can also significantly

influence the electromagnetic fields radiated between feed
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line 117 and slot 106. Careful selection of the dielectric

region 113 material, size, shape, and location can result in

improved coupling between the feed line 117 and the slot 106,

even with substantial distances therebetween.

—

Regarding the shape of dielectric region 113, region

113 can be structured to be a column shape with a triangular

or oval cross section. In another embodiment, region 113 can

be 1n the shape of a cylinder.

g

In a preferred embodiment of the invention, the

p——ar

intrinsic i1mpedance of stub region 113 is selected to match

the intrinsic impedance of junction region 114. By matching

the intrinsic impedance of dielectric junction region 114 to

e

the intrinsic impedance of stub region 113, the radiation

i

efficiency of antenna 100 is enhanced. Assuming the intrinsic

g~
p—

impedance of region 114 is selected to match air, Uz can be

selected to equal &, Matching the intrinsic impedance of

region 113 to region 114 also reduces signal distortion and

ringing which can cause significant problems which can arise

from impedance mismatches into the stub present in related

slot antennas art.

In a preferred embodiment, dielectric region 113

includes a plurality of magnetic particles disposed therein to

provide a relative permeability greater than 1. Figure 2

shows antenna 200 which 1is identical to antenna 100 shown in

FIG. 1, except a plurality of magnetic particles 214 are

provided in dielectric region 113. Magnetic particles 214 can

be metamaterial particles, which can be inserted into voids

created in substrate 105, such as a ceramic substrate, as

discussed in detail later. Magnetic particles can provide

dielectric substrate regions having significant magnetic

permeability. As used herein, silignificant magnetic

1)
Qs
T

permeability refers to a relative magnetic permeability o:

least about 1.1. Conventional substrates materials have a

~14—
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p—

relative magnetic permeability of approximately 1. Using

methods described herein, U, can be provided in a wide range
depending on the intended application, such as 1.1, 2, 3, 4,

6, 8,10, 20, 30, 40, 50, o0, 80, 100, or higher, or wvalues in

5 between these wvalues.

The invention can also be used to form slot fed

microstrip patch antennas having improved efficiency and

performance. Figure 3 shows patch antenna 300, the patch
antenna 300 including at least one patch radiator 309 and a

10 second dielectric layer 305. The structure below second

dielectric layer 305 1s the same as FIG. 1 and FIG. 2, except

reference numbers have been renumbered as 300 series numbers.

A second dielectric layer is disposed between the

ground plane 308 and patch radiator 309. Second dielectric

15 305 comprises first dielectric region 310 and second

dielectric region 311, the first region 310 preferably having

a higher relative permittivity as compared to second

dielectric region 311. Region 310 also preferably includes

magnetic particles 314. Inclusion of magnetic particles 314

20 permits region 310 to be impedance matched to antenna's

environment using a relative permeability equal to the

relative permittivity in region 310, to match to air. Thus,

antenna 300 provides improved radiation efficiency by matching

the intrinsic impedance in region 310 (between slot 306 and

25 patch 309) and the intrinsic impedance of region 314 (between

feed line 317 and slot 306).

For example, the relative permittivity in dielectric
region 311 can be 2 to 3, while the relative permittivity in
dielectric region 310 can be at least 4. For example, the

30 relative permittivity of dielectric region 310 can be 4, 6,

8,10, 20, 30, 40, 50, 60 or higher, or values in between these

Va.lues »

Antenna 300 achieves improved efficiency through-

enhanced coupling of electromagnetic energy from feed line 317
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through slot 306 to patch 309 through use of an improved stub

318. As discussed earlier, improved stub 318 is provided

through use of a high permittivity substrate region proximate

therein 313, which preferably also includes optional magnetic

particles 324. As noted above, coupling efficiency is further

improved through use permittivity in dielectric region 313

which is proximate to stub 318 being higher than dielectric

region 312.
Dielectric substrate boards having metamaterial

portions providing localized and selectable magnetic and

dielectric properties can be prepared as shown in FIG. 4 for

use as customized antenna substrates. In step 410, the

dielectric board material can be prepared. In step 420, at

g

least a portion of the dielectric board material can be

differentially modified using meta-materials, as described

below, to reduce the physical size and achleve the best

possible efficiency for the antenna and associated circuitry.

The modification can include creating voids in a dielectric

g

material and filling some or substantially all of the voids

with magnetic particles. Finally, a metal layer can be

applied to define the conductive traces and surface areas

associated with the antenna elements and associated feed

circuitry, such as the patch radiators.

As defined herein, the term "meta-materials"™ refers

to composite materials formed from the mixing or arrangement

of two or more different materials at a very fine level, such

as the angstrom or nanometer level. Metamaterials allow

tailoring of electromagnetic properties of the composite,

which can be defined by effective dielectric constant (or

relative permittivity) and the effective relative

permeability.

The process for preparing and modifying the

dielectric board material as described in steps 410 and 420

shall now be described in some detail. It should be
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understood, however, that the methods described herein are

merely examples and the invention is not intended to be so

limited.

Appropriate bulk dielectric substrate materials can

be obtained from commercial materials manufacturers, such as

DuPont and Ferro. The unprocessed material, commonly called

Green Tape™, can be cut into sized portions from a bulk

dielectric tape, such as into 6 inch by 6 inch portions. For
example, DuPont Microcircuit Materials provides Green Tape

material systems, such as 951 Low-Temperature Cofire

Dielectric Tape and Ferro Electronic Materials ULF28-30 Ultra

Low Fire COG dielectric formulation. These substrate materials

can be used to provide dielectric layers having relatively

moderate dielectric constants with accompanying relatively low

loss tangents for circult operation at microwave frequencies

once fired.

it

In the process of creating a microwave circult using

o

multiple sheets of dielectric substrate material, features

such as vias, volds, holes, or cavities can be punched through

one or more layers of tape. Voids can be defined using

mechanical means (e.g. punch) or directed energy means (e.g.,
laser drilling, photolithography), but voids can also be

defined using any other suitable method. Some vias can reach

through the entire thickness of the sized substrate, while

some volds can reach only through varying portions of the

substrate thickness.

The vias can then be filled with metal or other

dielectric or magnetic materials, or mixtures thereof, usually

using stencils for precise placement of the backfill

p—

materials. The individual layers of tape can be stacked

together in a conventional process to produce a complete,
multi-layer substrate. Alternatively, individual layers of
tape can be stacked together to produce an incomplete, multi-

layer substrate generally referred to as a sub-stack.
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Voided regions can also remain voids. If backfilled

with selected materials, the selected materials preferably

include metamaterials. The choilice of a metamaterial

composition can provide tunable effective dielectric constants

over a relatively continuous range from 1 to about 2650.

Tunable magnetic properties are also available from certain

metamaterials. For example, through choice of suitable

materials the relative effective magnetic permeability

generally can range from about 4 to 116 for most practical RF

applications. However, the relative effective magnetic

permeability can be as low as about 1 or reach into the

thousands.

A given dielectric substrate may be differentially

F

modified. The term "differentially modified" as used herein

refers to modifications, including dopants, to a dielectric

P

substrate layer that result in at least one of the dielectric

g— gurten
—

ferent at one portion of the

and magnetic properties being dui:

substrate as compared to another portion. A differentially

modified board substrate preferably ilncludes one or more

metamaterial containing regions. For example, the

modification can be selective modification where certain

dielectric layer portions are modified to produce a first set

g—

of dielectric or magnetic properties, while other dielectric

"

layver portions are modified differentially or left unmodified

to provide dielectric and/or magnetic properties different

-

from the first set of properties. Differential modification

can be accomplished in a variety of different ways.
According to one embodiment, a supplemental
dielectric layer can be added to the dielectric layer.
Techniques known in the art such as various spray
technologies, spin-on technologies, various deposition

technologies or sputtering can be used to apply the

supplemental dielectric layer. The supplemental dielectric

layer can be selectively added in localized regions, including
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inside voids or holes, or over the entire existing dielectric
layer. For example, a supplemental dielectric layer can be

used for providing a substrate portion having an increased

effective dielectric constant. The dielectric material added

as a supplemental layer can include various polymeric

materials.

1)

The di:

ferential modifyving step can further include

locally adding additional material to the dielectric layer or

supplemental dielectric layer. The addition of material can

be used to further control the effective dielectric constant

g

or magnetic properties of the dielectric layer to achieve a

given design objective.

The additional material can include a plurality of
metallic and/or ceramic particles. Metal particles preferably
include iron, tungsten, cobalt, vanadium, manganese, certain
rare—earth metals, nickel or niobium particles. The particles

are preferably nanometer size particles, generally having sub-

micron physical dimensions, hereafter referred to as

nanoparticles.

The particles, such as nanoparticles, can preferably

be organofunctionalized composite particles. For example,

organofunctionalized composite particles can include particles

having metallic cores with electrically insulating coatings or

electrically insulating cores with a metallic coating.

Magnetic metamaterial particles that are generally

p—

suitable for controlling magnetic properties of dielectric

layer for a variety of applications described herein include

f
ferrite organoceramics (FexCyHz)-(Ca/Sr/Ba-Ceramic). These

particles work well for applications in the frequency range of

8—40 GHz. Alternatively, or in addition thereto, niobium

organoceramics (NbCyHz)-(Ca/Sr/Ba-Ceramic) are useful for the

frequency range of 12-40 GHz. The materials designated for

high frequency are also a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>