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ON-SILICON LOW-LOSS TRANSMISSION LINES AND MICROWAVE
COMPONENTS

CROSS-REFERNCE TO RELATED APPLICATION
This application claims priority from United States Provisional Patent Application No.
61/972,711 filed March 31, 2014 the entirety of which is incorporated by reference

for all purposes.

TECHNICAL FIELD
[0001] The present disclosure relates to passive microwave components and

in particular to on silicon transmission lines and antennas.

BACKGROUND

[0002] The integration of passive microwave components such as
transmission lines, inductors, capacitors, filters, and antennas is extremely important
as they account for more than 75% of circuit elements in wireless transceivers.
However, the low-resistivity (high-loss) silicon, which is a standard substrate for
most radio frequency integrated circuits, has hindered quality of integrated passive

microwave components.

[0003] Accordingly, there is a need for improved integrated passive

microwave components.

SUMMARY

[0004] In accordance with an aspect of the present disclosure there is
provided a method of passive microwave component construction. The method
comprising sputtering metal conductor on a silicon wafer to form a ground plane;
applying a photoresist dielectric film on top of the metal conductor; performing
photolithography to construct a substrate structure using the photoresist; sputter a
metal conductor through mask onto the substrate structure to form a top conductor;
and performing a development process to remove unexposed photoresist leaving

exposed photoresist between the top conduct and ground plane.
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[0005] In accordance with another aspect the metal conducts is a conductive

metal such as copper or aluminum.

[0006] In accordance with another aspect the photoresist creates a support
structure.
[0007] In accordance with another aspect the development process utilizes a

propylene glycol monomethyl ether acetate.

[0008] In accordance with another aspect the photoresist is selected from the
group consisting of: SU-8 (er = 3.2), Polyimide (er = 3.5), benzocyclobutene or BCB
(er = 2.7), and Silicon dioxide (er = 3.9).

[0009] In accordance with another aspect the photoresist is applied at

approximately 25 um thick film of a low permittivity polymer.

[0010] In accordance with another aspect the photoresist has a dielectric

constant of 3.2.

[0011] In accordance with another aspect a transmission line width is created

by the top conductor.

[0012] In accordance with another aspect the a characteristic impedance of a

narrow film transmission line geometry is 50 Q with w =70 pm.

[0013] In accordance with another aspect the substrate width forms a narrow

film transmission line is truncated to fit the 50 Q microstrip line width.

[0014] In accordance with another aspect the dielectric posts are created by

the substrate.

[0015] In accordance with another aspect the dielectric posts are periodically

patterned along a transmission line.

[0016] In accordance with another aspect the posts are approximately 25 ym

thick dielectric posts with dimensions of 100 pm x 70 pm.
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[0017] In accordance with another aspect the posts are 200 um far from each
other.
[0018] In accordance with another aspect the posts are varied along a line

width by approximately 0.3 mm.

[0019] In accordance with another aspect the method is for manufacturing a

stepped impedance filter.

[0020] In accordance with another aspect the size of the posts are varied in
size.
[0021] In accordance with another aspect the method is for manufacturing a

microstrip patch antenna.

[0022] In accordance with another aspect the antenna is implemented on a

25 pm-thick dielectric film with dielectric constant of 3 and loss tangent of 0.03.

[0023] In accordance with another aspect the dielectric film is truncated to fit

or be slightly smaller than the top conductor.

[0024] In accordance with another aspect narrow line posts are used in the
structure where posts are space along the width of the top conductor and posts are

spaced along transmission line.

[0025] In accordance with another aspect the structure is a silicon antenna

using 25 ym tall narrow line posts.

[0026] In accordance with another aspect the structure is a microstrip patch

antenna using square posts.

[0027] In accordance with another aspect the method further comprising

repeatedly applying multiple layers and top conductive layers.

[0028] In accordance with another aspect further comprising removing the
photoresist creates one or more air gaps between the top conduct and the ground

plane.
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[0029] In accordance with yet another aspect of the present disclosure there
is provided a passive microwave component comprising a metal conductor on a
silicon wafer providing a ground plane; a substrate deposited on the metal conductor
formed during photolithography using a photoresist; and a top metal conduct on the

narrow film substrate.

[0030] In accordance with yet another aspect the metal conducts is a

conductive metal such as copper or aluminum.

[0031] In accordance with yet another aspect the photoresist creates a

support structure.

[0032] In accordance with yet another aspect the development process

utilizes a propylene glycol monomethyl ether acetate.

[0033] In accordance with yet another aspect the photoresist is selected from
the group consisting of: SU-8 (er = 3.2), Polyimide (er = 3.5), benzocyclobutene or
BCB (er = 2.7), and Silicon dioxide (er = 3.9).

[0034] In accordance with yet another aspect the photoresist is applied at

approximately 25 ym thick film of a low permittivity polymer.

[0035] In accordance with yet another aspect the photoresist has a dielectric
constant of 3.2.

[0036] In accordance with yet another aspect a transmission line width is

created by the top conductor.

[0037] In accordance with yet another aspect a characteristic impedance of a

narrow film transmission line geometry is 50 Q with w =70 pm.

[0038] In accordance with yet another aspect the substrate width forms a

narrow film transmission line is truncated to fit the 50 Q microstrip line width.

[0039] In accordance with yet another aspect dielectric posts are created by
the substrate.
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[0040] In accordance with yet another aspect dielectric posts are periodically

patterned along a transmission line.

[0041] In accordance with yet another aspect the posts are approximately 25

pm thick dielectric posts with dimensions of 100 pm x 70 ym.

[0042] In accordance with yet another aspect the posts are 200 pym far from
each other.
[0043] In accordance with yet another aspect the posts are varied along a line

width by approximately 0.3 mm.

[0044] In accordance with yet another aspect the passive microwave

component is for manufacturing a stepped impedance filter.

[0045] In accordance with yet another aspect the size of the posts are varied
in size.
[0046] In accordance with yet another aspect the passive microwave

component is a microstrip patch antenna.

[0047] In accordance with yet another aspect the antenna is implemented on

a 25 pym-thick dielectric film with dielectric constant of 3 and loss tangent of 0.03.

[0048] In accordance with yet another aspect the dielectric film is truncated to

fit or be slightly smaller than the top conductor.

[0049] In accordance with yet another aspect narrow line posts are used in
the structure where posts are space along the width of the top conductor and posts

are spaced along transmission line.

[0050] In accordance with yet another aspect the structure is a silicon

antenna using 25 pm tall narrow line posts.

[0051] In accordance with yet another aspect the structure is a microstrip

patch antenna using square posts.
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[0052] In accordance with yet another aspect the structure comprises multiple

substrate and conductive layers.
[0053] In accordance with yet another aspect one or more air gaps are

created between the top conduct and the ground plane.

BRIEF DESCRIPTION OF THE DRAWINGS
[0054] Further features and advantages of the present invention will become

apparent from the following detailed description, taken in combination with the

appended drawings, in which:
Figure 1 shows a narrow film on-silicon microstrip line;

Figure 2 shows a graph of characteristic impedance of the narrow film transmission

line;

Figure 3 shows a graph of attenuation of the proposed transmission lines compared

with the attenuation of conventional thin film microstrip line;
Figure 4 shows a representation of conventional on-silicon thin film microstrip line;

Figure 5 shows representation of on-silicon transmission line using 25 ym tall posts
with dimensions of 100 ym by 70 um where the distance between two adjacent

posts is 200 ym;

Figure 6 shows representation of on-silicon stepped line using 25 pym tall posts;
Figure 7 shows representation of on-silicon stepped-impedance filter;

Figure 8 shows on-silicon conventional microstrip patch antenna;

Figure 9 shows graphs of (a) reflection coefficient and (b) gain of the on-silicon

conventional patch antenna using 25 ym tall films;

Figure 10 shows radiation patterns of the on-silicon conventional antenna using 25
pum tall films at 60 GHz where (a) is the E-plane; (b) is the H-plane where the cross-

polarization levels are less than -30 dB and therefore are not shown in the graphs;

6
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Figure 11 shows on-silicon microstrip patch antenna using narrow and truncated

films;

Figure 12 graphs of (a) reflection coefficient and (b) gain of the on-silicon antenna

using 25 ym tall narrow and truncated films;

Figure 13 shows radiation patterns of the on-silicon antenna using 25 pm tall narrow
and truncated films where (a) is the E-plane; (b) is the H-plane where cross-

polarization levels are less than -30 dB and therefore are not shown in the graphs;
Figure 14 shows on-silicon microstrip patch antenna using narrow line posts;

Figure 15 shows graphs of (a) reflection coefficient and (b) gain of the on-silicon

antenna using 25 ym tall narrow line posts;

Figure 16 shows radiation patterns of the on-silicon antenna using 25 pm tall narrow
line posts where (a) is the E-plane; (b) is the H-plane where the cross-polarization

levels are less than -30 dB and therefore are not shown in the graphs;
Figure 17 shows on-silicon microstrip patch antenna using square posts;

Figure 18 graphs of (a) reflection coefficient and (b) gain of the on-silicon antenna

using 25 ym tall square posts;

Figure 19 shows radiation patterns of the on-silicon antenna using 25 pm tall square
posts where (a) is the E-plane; (b) is the H-plane where the cross-polarization levels

are less than -20 dB and are shown in dot-dash lines;

Figure 20 shows on-silicon microstrip patch antenna using a multi-layer design for

the top conductor;

Figure 21 shows a graph of gain of the on-silicon microstrip patch antenna using a

multi-layer design for the top conductor;
Figure 22 illustrates a fabrication process; and

Figure 23 shows a method of fabricating a passive microwave component.
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[0055] It will be noted that throughout the appended drawings, like features

are identified by like reference numerals.

DETAILED DESCRIPTION
[0056] Embodiments are described below, by way of example only, with

reference to Figs. 1-23.

[0057] A simple but very efficient approach is described to exploit dielectric
narrow films and dielectric posts in realization of highly-efficient on-silicon
microwave devices. In this approach the narrow thin film or dielectric posts of low-
permittivity (usually polymers or photoresists) is applied on silicon substrate to

achieve antennas and microwave devices.

[0058] High-performance  on-silicon transmission lines, microwave
components, and antennas are described and a method of manufacture. Narrow
and thin dielectric substrate films with dimensions similar or smaller than the top
conductors are used to increase the efficiency of components. In another design,
the narrow film is truncated to make dielectric posts and further improve
performance of the components. It is shown that multi-layer design for the top
conductor can further increase the efficiency of the components. A microfabrication
method is presented to realize these structures. The improvements introduced by
these simple changes in the circuit are considerable, especially at millimetre wave
frequencies where the losses associated with the substrate and conductors are
significant. These simple designs not only introduce considerable improvements, but

also can facilitate the integration and make the circuit more compact.

[0059] Fig. 1 shows an example of on-silicon transmission line 100
implemented on a narrow dielectric thin film layer 102. The lower metal conductor
104 acts as the ground plane on the silicon wafer 106, the narrow dielectric thin film
102 coated on the ground plane 104 is the substrate, and the upper metal conductor
is used as the signal line. The characteristic impedance of this transmission line is
shown in the graph in Fig. 2 as a function of transmission line width (w) when a 25
pm thick film of a low permittivity polymer with dielectric constant of 3.2 is

considered. A wide range of characteristic impedances (10-100 Q) is possible within
8



10

15

20

25

30

WO 2015/149172 PCT/CA2015/050253

a reasonable range of width (25-470 pm), facilitating implementation of passive
microwave components. In specific, the characteristic impedance of the narrow film
transmission line geometry is 50 Q with w = 70 ym. Most of the materials
compatible with microfabrication processes such as SU-8 (er = 3.2), Polyimide (er =
3.5), benzocyclobutene or BCB (er = 2.7), and Silicon dioxide (er = 3.9) have
relatively similar low dielectric constants and therefore should achieve similar

results.

[0060] The attenuation for the narrow film transmission line and the
conventional thin film microstrip line (the structure 400 is shown in Fig. 4) are shown
in graph in Fig. 3. In both cases, the substrate is 25 ym thick with dielectric constant
of 3.2 and loss tangent of 0.015. The substrate width for the proposed narrow film
transmission line is truncated to fit the 50 Q microstrip line width (i.e., w = 70 pm).
This line presents attenuation of 0.11 dB/mm at 30 GHz, which is 0.025 dB/mm (i.e.,
~20%) less than that of the conventional thin film microstrip line. It should be noted

that this improvement is achieved based on a change in structural design.

[0061] To decrease the attenuation associated with the on-silicon
transmission line, another novel structure is shown in Fig. 5. The structure 500
consists of dielectric posts 502 (instead of narrow film) that are periodically
patterned along the line 504 below transmission line 100. Depending on the
dielectric material, width of the transmission line 100, thickness of the film, and other
parameters, posts with different dimensions can be used. In this example, 25 ym
thick dielectric posts with dimensions of 100 ym x 70 ym are considered. The posts
502 are 200 um far from each other and supposed to have dielectric constant of 3.2
and loss tangent of 0.015 (similar to the previous case). The attenuation for this
transmission line is also illustrated in Fig. 3. The improvement is significant, showing
that the attenuation is less than 0.08 dB/mm at 30 GHz. This is 0.055 dB/mm less
than that of the conventional thin film microstrip line, and 0.03 dB/mm less than that
of the narrow film transmission line, corresponding to over 40% and 27%

improvements.

[0062] Referring to Fig. 6, a slight nonlinear variation in attenuation is realized
over the frequency band for the transmission line with dielectric posts 604. This is
9
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due to a variation in characteristic impedance of the line and it can be controlled by
changing the transmission line width 602a and 602b along the transmission line path
602. An example is shown in Fig. 6 where the line width is periodically varied by 0.3
mm in structure 600. The result for this structure is also shown in Fig. 3. This can be
also utilized to achieve stepped impedance filters when the difference between
impedances is increased and the line 702 length 702a and 702b is varied as in

structure 700 shown in Fig. 7 with the size of the respective posts 704a and 704b.

[0063] Using the same methodology other microwave passive components
can be designed and implemented on the low-resistivity silicon wafer. For instance,
microstrip patch antennas are designed at 60 GHz and their performance is
compared with the conventional on-silicon patch antenna. All antennas are
implemented on a 25 pm-thick dielectric film with dielectric constant of 3 and loss
tangent of 0.03.

[0064] Fig. 8 shows the structure 800 of conventional on-silicon patch
antenna 802 which is fed using microstrip line 804. The output results are shown in
Figs. 9 and 10. Broadside radiation patterns and -2.5 dBi gain are achieved. Figure
9 shows graphs of (a) reflection coefficient and (b) gain of the on-silicon
conventional patch antenna using 25 pm tall films. Figure 10: shows radiation
patterns of the on-silicon conventional antenna using 25 pm tall films at 60 GHz. (a)
E-plane; (b) H-plane where the cross-polarization levels are less than -30 dB and

therefore are not shown in the graphs.

[0065] As the dielectric film is truncated to fit (or be slightly smaller than) the
top conductor, significant improvements are resulted. In the example shown in Fig.
11, the top conductor 1102 of structure 1100 is extended 150 ym beyond the
dielectric thin film 1104. Figs. 12 and 13 show that broadside radiation patterns are
achieved, and the antenna gain is now increased to -1 dBi. This is 1.5 dB larger than
that of the conventional patch antenna (previous case). Therefore, with just a simple
change in the configuration, considerable increase in the antenna gain is achieved.
Figure 12 graphs of (a) reflection coefficient and (b) gain of the on-silicon antenna
using 25 pym tall narrow and truncated films. Figure 13 shows radiation patterns of
the on-silicon antenna using 25 ym tall narrow and truncated films where (a) is the
10
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E-plane; (b) is the H-plane where cross-polarization levels are less than -30 dB and

therefore are not shown in the graphs;

[0066] Fig. 14 shows another configuration in which narrow line posts are
used in the structure 1400 where posts 1404 are space along the width of the top
conductor 1402 and posts 1406 are spaced along transmission line 1408. The
results in Figs. 15 and 16 show that improved characteristics are achieved and the
antenna gain is about 2 dBi at 60 GHz. Figure 15 shows graphs of (a) reflection
coefficient and (b) gain of the on-silicon antenna using 25 pm tall narrow line posts.
Figure 16 shows radiation patterns of the on-silicon antenna using 25 pm tall narrow
line posts where (a) is the E-plane; (b) is the H-plane where the cross-polarization

levels are less than -30 dB and therefore are not shown in the graphs

[0067] Figs. 17, 18, and 19 show the structure 1700 and the results for the
on-silicon microstrip patch antenna 1702 using square posts 1704. The antenna
gain is 4.5 dBi which is 7 dB larger than that of the conventional patch antenna (first
antenna example). Similar procedure can be followed to design other types of
passive microwave components with improved performance. Figure 18 graphs of (a)
reflection coefficient and (b) gain of the on-silicon antenna using 25 pym tall square
posts. Figure 19 shows radiation patterns of the on-silicon antenna using 25 pym tall
square posts where (a) is the E-plane; (b) is the H-plane where the cross-

polarization levels are less than -20 dB and are shown in dot-dash lines;

[0068] In all of the above designs, the top conductor can be deposited in multi
thin layers instead of one thick layer, as shown in Fig. 20. The dielectric post 2002,
has a first metallic layer 2004, a first intermediary dielectric layer 2006, a second
metallic layer 2008, a second intermediary dielectric layer 2010 and a third metallic
layer 2012. This technique will further increase the efficiency of the components.
For example for the antenna in Fig. 17, a three layer design increases the antenna
gain to over 5 dBi. About 2% change in the frequency of peak gain is however
detected which can be corrected by slightly changing the antenna dimensions.
Figure 21 shows a graph 2100 of gain of the on-silicon microstrip patch antenna

using a multi-layer design for the top conductor.

11
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[0069] Different procedures can be used to fabricate the proposed structures.
A simplified microfabrication method is provided here and shown in Fig. 22 and
referring to method 2300 of Fig. 23. The process is started by first sputtering 2 ym-
thick metal with good conductivity can be acceptable such as aluminium or copper
2204 on a low resistivity silicon wafer (as the ground plane) 2202 (2302). Then
photoresist (e.g., SU-8) 2206 is spin coated on top of the Aluminum (2304). The
photolithography 2250 is then applied to construct the narrow film substrates or
dielectric posts 2208 (2306). At the end, 2 ym thick Aluminum is sputtered 2210
through a mask on the film to construct the signal line and development process is
followed to come up with the final structure (2308). In this case that we use a
negative photoresist (i.e., SU-8), the unexposed photoresist is removed by a
development process using a chemical solution (for example Propylene glycol
monomethyl ether acetate (PGMEA) (2310) leaving behind support dielectric
structures and spaces 2207 between posts 2208. In case of the multi-layer design,
the sputtering in the last step must be repeated several times but much thinner
layers must be deposited. Figure 22(f) shows a front view of the structure and 22(g)
shows a side view air gaps 2207 created by the removal of the photoresist in the

development process.

[0070] Although the structures are proposed for on-silicon applications, the
method is efficient for other types of substrates. There are several advantages
when these structures are compared with the conventional thin film structures. The
dielectric loss and effective dielectric constant are further reduced since a larger
portion of the electromagnetic wave travels through the air not the substrate,
increasing efficiency and propagation velocity which is necessary for high-speed
circuits. More importantly, making via holes for interconnects in RFICs is facilitated

or is not considered necessary to connect through the substrate.

12
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CLAIMS:

A method of passive microwave component construction, the method

comprising:
sputtering metal conductor on a silicon wafer to form a ground plane ;
applying a photoresist dielectric film on top of the metal conductor;

performing photolithography to construct a substrate structure using
the photoresist;

sputter a metal conductor through mask onto the substrate structure to

form a top conductor; and

performing a development process to remove unexposed photoresist
leaving exposed photoresist between the top conduct and

ground plane.

The method of claim 1 wherein the metal conducts is a conductive metal

such as copper or aluminum.

The method of claim 1 or 2 wherein the photoresist creates a support

structure.

The method of any one of claims 1 to 3 wherein the development process

utilizes a propylene glycol monomethyl ether acetate.
The method of any one of claims 1 to 4 wherein the photoresist is selected
from the group consisting of: SU-8 (er = 3.2), Polyimide (er = 3.5),

benzocyclobutene or BCB (er = 2.7), and Silicon dioxide (er = 3.9).

The method of any one of claims 1 to 5 wherein the photoresist is applied at

approximately 25 um thick film of a low permittivity polymer.

13
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The method of claim 6 wherein the photoresist has a dielectric constant of
3.2.

The method of any one of claims 1 to 7 wherein a transmission line width is

created by the top conductor.

The method of claim 8 wherein the a characteristic impedance of a narrow

film transmission line geometry is 50 Q with w =70 pm.

The method of any one of claims 1 to 9 where in the substrate width forms a

narrow film transmission line is truncated to fit the 50 Q microstrip line width.

The method of any one of claims 1 to 10 wherein dielectric posts are

created by the substrate.

The method of claim 11 wherein the dielectric posts are periodically

patterned along a transmission line.

The method of claim 12 wherein the posts are approximately 25 ym thick

dielectric posts with dimensions of 100 pm x 70 pm.

The method of claim 13 wherein the posts are 200 ym far from each other.

The method of any one of claims 1 to 14 wherein the posts are varied along

a line width by approximately 0.3 mm.

The method of any one of claims 1 to 15 wherein the method is for

manufacturing a stepped impedance filter.

The method of claim 16 wherein the size of the posts are varied in size.

The method of any one of claims 1 to 15 wherein the method is for

manufacturing a microstrip patch antenna.

14
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The method of claim 18 wherein the antenna is implemented on a 25 ym-

thick dielectric film with dielectric constant of 3 and loss tangent of 0.03.

The method of claim 19 wherein the dielectric film is truncated to fit or be

slightly smaller than the top conductor.

The method of any one of claims 1 to 20 wherein narrow line posts are used
in the structure where posts are space along the width of the top conductor

and posts are spaced along transmission line.

The method of any one of claims 1 to 20 wherein the structure is a silicon

antenna using 25 pm tall narrow line posts.

The method of any one of claims 1 to 20 wherein the structure is a

microstrip patch antenna using square posts.

The method of any one of claims 1 to 20 further comprising repeatedly

applying multiple layers and top conductive layers.

The method of any one of claims 1 to 24 wherein removing the photoresist
creates one or more air gaps between the top conduct and the ground

plane.

A passive microwave component comprising:
a metal conductor on a silicon wafer providing a ground plane;

a substrate deposited on the metal conductor formed during

photolithography using a photoresist; and

a top metal conduct on the narrow film substrate.

The passive microwave component of claim 26 wherein the metal conducts

is a conductive metal such as copper or aluminum.

15
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The passive microwave component of claim 26 or 27 wherein the

photoresist creates a support structure.

The passive microwave component of any one of claims 26 to 28 wherein
the development process utilizes a propylene glycol monomethyl ether
acetate.

The passive microwave component of any one of claims 26 to 29 wherein
the photoresist is selected from the group consisting of: SU-8 (er = 3.2),
Polyimide (er = 3.5), benzocyclobutene or BCB (er = 2.7), and Silicon
dioxide (er = 3.9).

The passive microwave component of any one of claims 26 to 30 wherein
the photoresist is applied at approximately 25 pm thick film of a low

permittivity polymer.

The passive microwave component of claim 31 wherein the photoresist has
a dielectric constant of 3.2.

The passive microwave component of any one of claims 26 to 32 wherein a

transmission line width is created by the top conductor.

The passive microwave component of claim 33 wherein the a characteristic
impedance of a narrow film transmission line geometry is 50 Q with w = 70

pm.

The passive microwave component of any one of claims 26 to 34 where in
the substrate width forms a narrow film transmission line is truncated to fit

the 50 Q microstrip line width.

The passive microwave component of any one of claims 26 to 35 wherein

dielectric posts are created by the substrate.
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37.

38.

39.

40.

41.

42.

43.

44,

45.

46.
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The passive microwave component of claim 36 wherein the dielectric posts

are periodically patterned along a transmission line.

The passive microwave component of claim 37 wherein the posts are
approximately 25 ym thick dielectric posts with dimensions of 100 ym x 70

pm.

The passive microwave component of claim 38 wherein the posts are 200

pm far from each other.

The passive microwave component of any one of claims 26 to 39 wherein

the posts are varied along a line width by approximately 0.3 mm.

The passive microwave component of any one of claims 26 to 40 wherein

the passive microwave component is a stepped impedance filter.

The passive microwave component of claim 41 wherein the size of the posts

are varied in size.

The passive microwave component of any one of claims 26 to 42 wherein

the passive microwave component is a microstrip patch antenna.

The passive microwave component of claim 43 wherein the antenna is
implemented on a 25 ym-thick dielectric film with dielectric constant of 3 and

loss tangent of 0.03.

The passive microwave component of claim 44 wherein the dielectric film is

truncated to fit or be slightly smaller than the top conductor.

The passive microwave component of any one of claims 26 to 45 wherein
narrow line posts are used in the structure where posts are space along the

width of the top conductor and posts are spaced along transmission line.

17
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47.

48.

49.

50.
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The passive microwave component of any one of claims 26 to 46 wherein

the structure is a silicon antenna using 25 pym tall narrow line posts.

The passive microwave component of any one of claims 26 to 46 wherein

the structure is a microstrip patch antenna using square posts.

The passive microwave component of any one of claims 26 to 48 wherein

the structure comprises multiple substrate and conductive layers.

The passive microwave component of any one of claims 26 to 49 wherein
one or more air gaps are created between the top conduct and the ground

plane.
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