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Integrated system comprising waveguide to microstrip coupling apparatus

The present invention provides an integrated

system comprising an RF chip (1), an antenna (2) and a
transition element for providing signal coupling between
a waveguide (5) and a microstrip line (6). The transition
elementand the antenna (2) are integrated in a multilayer
system (3). The antenna (2) and the RF chip (1) are each
located at opposite sides of the multilayer system (3). It
is an advantage of embodiments of the presentinvention
that interference between chip (1) and antenna (2) is re-
duced compared to prior art solutions.
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Description

Technical field of the invention

[0001] The presentinvention relates to a device incor-
porating signal coupling between a waveguide and a
microstrip.

Background of the invention

[0002] Increasing demand for higher bandwidths has
made greater efforts among researchers to investigate
communication systems at higher frequencies. As the
frequency of operation increases towards the millimeter
and sub-millimeter wavelengths (such as satellite trans-
ceivers, RF frontend measurements, collision avoidance
radars and novel multi-gigabit millimeter-wave wireless
connections), different sorts of measurement problems
show up. One of these measurement problems originates
from the coaxial nature of the measurement devices com-
mercially available on one side and the planar multi-layer
architecture of the devises under test on the other side.
Although  coaxial-to-planar  (Ground-Signal-Ground
GSG) probes up to 110 GHz are commercially available,
they are expensive and mechanically fragile. Some of
the current microstrip to waveguide transitions (or vice
versa) are bulky and use several independent pieces that
must be assembled in various steps.

[0003] Two elegant solutions to the above measure-
ment problem are as follows. A first solution proposes to
design and manufacture all of the needed components
in waveguides as the main transmission line. In a second
solution, one can design and fabricate different compo-
nents in a multilayer planar process and afterwards con-
nect them to a waveguide using a suitable transition el-
ement. In the latter case where a well-known low cost
planar technology is used, the transition from the planar
transmission line to the waveguide port plays an impor-
tant role. Since the dominant mode of a general rectan-
gularwaveguide is TE10 mode (transverse electric mode
-an electromagnetic field pattern of radiation is measured
in a plane perpendicular to the propagation direction of
the beam) while the mode of a microstrip line is quasi-
TEM mode (transverse electromagnetic mode - a trans-
verse mode in electromagnetic transmission in which
there is no electric nor magnetic field in the direction of
propagation), the waveguide and the microstrip line need
to be connected through a mode converter forimpedance
matching. FIG. 1 shows a symbolic view of an RF front-
end (b), an antenna (c) and a mode converter (microstrip-
to-waveguide transition element) (a).

[0004] The transition elements from microstrip to
waveguide can be categorized in three main groups:

1-Transition elements longitudinal to the wave prop-
agation direction;

2- Transition elements using a slot in one of the
waveguide walls to couple the energy from or to the
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microstrip line;

3- Transition elements using a microstrip line as a
probe inserted into the waveguide and transverse to
the wave propagation direction (similar to coax-WG
transitions). Such transition elements require elec-
trical coupling providing transition between a micro-
strip line and a perpendicularly oriented waveguide.

[0005] In "Millimeter-wave Microstrip-to-Waveguide
Transition Operating over Broad Frequency Bandwidth",
Y. Deguchi et al., IEEE 2005 a microstrip to waveguide
transition single-layer, millimeter-wave RF module using
a microstrip antennais disclosed. The transition element
connects a microstrip line and a perpendicular
waveguide. A probe at one end of the microstrip line is
inserted into the waveguide whose one end is short-
circuited. It is a disadvantage of this transition element
that interaction occurs between the WG and the antenna.
This problem could be solved by spatially moving
waveguide and antenna away from each other, but this
is too expensive in terms of area cost.

Summary of the invention

[0006] It is an object of embodiments of the present
invention to provide an integrated system comprising RF
chip, antenna and transition element for providing signal
coupling between a waveguide and a microstrip line,
which integrated element can be used at high frequen-
cies, e.g. frequencies of 40 GHz or higher, for example
between 40 GHz and 70 GHz, and is compact.

[0007] The above objective is accomplished by a de-
vice according to the present invention.

[0008] The present invention provides an integrated
system comprising a waveguide-to-microstrip coupling
apparatus providing a transition element for efficient high
frequency signal transmission between a local-oscillator
and an RF chip, then to an antenna. In accordance with
embodiments of the present invention, the transition el-
ement and the antenna are integrated in a multilayer sys-
tem, and the antenna and the RF chip are each located
at opposite sides of the multilayer system.

[0009] In particular embodiments, the integrated sys-
tem reduces interference between the antenna and the
RF chip. Embodiments of the present invention are di-
rected to an integrated system that can obtain superior
characteristics with the simplicity of its constitution. Em-
bodiments of the present invention allow waveguide to
microstrip line conversion (or vice versa) for signals be-
tween 40 GHz and 70 GHz, for example for signals of
about 60 GHz.

[0010] The multilayer system may comprise a plurality
of conductive layers. The plurality of conductive layers
may be separated from each other by mean of insulating
material, for example layers of insulating material. The
multilayer system may for example be any of a multilayer
PCB (printed circuit board), LTCC (Low Temperature Co-
fired Ceramic), MCM (Multi-Chip Module).
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[0011] The multilayer system may comprise a first con-
ductive (e.g. metal) layer designed as a microstrip line
and a second conductive (e.g. metal) layer designed as
ground. The ground layer may be the conductive layer
closest to the microstrip line. Including the ground line of
the microstrip structure in the multilayer system improves
the integration and hence reduces area used.

[0012] In particular embodiments of the presentinven-
tion, the integrated system furthermore comprises a
waveguide, for example perpendicularly connected to
the multilayer system. The waveguide may be connected
to the multilayer system at the side remote from the an-
tenna. This reduces the scattering effect of the
waveguide part on the antenna radiation part.

[0013] The microstrip line may have a resonance with
the waveguide encompassing high frequency signals,
e.g. signals with a frequency between 40 and 70 GHz,
to be conducted by the device. The waveguide may have
a top cavity attached to the top layer of the multilayer
system. The top layer of the multilayer system is an outer
layer of the multilayer system which is located at a side
of the multilayer system remote from the side onto which
the waveguide is attached. In alternative embodiments
of the present invention, the top cavity may be imple-
mented in the multilayer system, for example at a side
of the multilayer system remote from the side onto which
the waveguide is attached. Hence the top cavity of the
waveguide may be provided at a same side of the mul-
tilayer structure as where the antenna is provided. The
top cavity may be much smaller than the input or output
of the waveguide.

[0014] The waveguide may further have a wall opening
adjacent the multilayer system through which the micro-
strip line extends. The multilayer system may comprise
a plurality of conductive layers and a plurality of dielectric
layers. The plurality of conductive layers may be de-
signed so as to provide impedance matching between a
waveguide signal and a signal on the microstrip line. It
is an advantage of such impedance matching that it pro-
vides better signal transmission.

[0015] To this effect, the conductive layers of the mul-
tilayer system may contain openings or irises for match-
ing the signals from the microstrip line to the waveguide
and vice versa, thereby reducing effective area of struc-
ture, without the requirement of an extra matching device,
nor a specific probe design. At least one of the irises in
the conductive layers may be designed so as to provide
impedance matching between a waveguide signal and a
signal on the microstrip line. The design of the conductive
layers, in particular for example the design of the irises,
may include determining a shape of the irises and/or di-
mensions of the irises and/or shift of the centre of the
irises with respect to the centre of the waveguide and/or
shift of the centre of the irises with respect to the centre
of the top cavity. The number of available irises, deter-
mined by the number of available conductive layers in
the multilayer structure, is a design parameter for deter-
mining the available bandwidth of the integrated struc-
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ture.

[0016] The integrated system may further comprise
thru metalized vias for connecting different layers of the
multilayer system.

[0017] In an embodiment, one of the conductive (e.g.
metal) layers of the multilayer system is designed as an
antenna, preferably a layer situated on an opposite side
of the waveguide. This reduces the scattering effect of
the waveguide part on the antenna radiation pattern. In
particular embodiments, the antenna is designed in the
top conductive layer of the multilayer system.

[0018] In an embodiment, a chip, more particularly for
example an RF chip, is attached to the multilayer system
(e.g. soldered or wire-bonded) and for example to the
bottom layer thereof. This chip may be a transceiver chip
for transmitting and receiving high frequency signals.
[0019] In an embodiment, the top cavity of the
waveguide is designed in the multilayer structure. In an
alternative embodiment, the top cavity is provided sep-
arately from the multilayer structure and is connected
thereto.

[0020] In an embodiment the multilayer system is a
PCB or any other multilayer technology known to a per-
son skilled in the art, e.g. LTCC (Low Temperature Co-
fired Ceramic) or MCM (Multi-Chip Module).

[0021] The overall integrated device in accordance
with embodiments of the present invention provides a
low complex device (being mechanically simple) where-
by the several components can be implemented in or
mounted on the same technology. The overall effective
costis keptto a minimum. Moreover, the proposed design
allows the required broadband operation with good per-
formances (low losses, operation ranges, ...)

[0022] The differences of the proposed structure with
the available ones are as follows:

1. the different position of the microstrip line and its
ground plane with respect to the waveguide which
allows: a) keeping the microstrip line on the same
side as the waveguide part b) having the RF frontend
and the antenna on different sides of the multilayer
structure c¢) having the waveguide cavity which is
much smaller than the input/output waveguide and
the antenna on the same side to reduce the scatter-
ing effect of the waveguide part on the antenna ra-
diation pattern.

2. Traditionally, some quarter wave microstrip lines
are used to match the transition on the microstrip
port. However, by using the slots in different layers
in the proposed structure as inductive and capacitive
loads, these matching lines may be omitted and the
transition is matched on the microstrip port plane.
This results in a reduction in the area needed for the
transition on the microstrip layer.

[0023] By using a multilayer structure, e.g. PCB, the
design parameters are increased and consequently de-
sign capabilities may be expanded. Moreover, the pro-
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posed design allows the required broadband operation
with good performances (low losses, operation rang-
es...).

[0024] Further, using the multilayer structure, e.g.
PCB, can increase the working bandwidth of the probe-
fed waveguide-to-microstrip transition device, i.e. the
waveguide-to-microstrip transition device where the
microstrip line is introduced into a slot in the waveguide.
[0025] Particular and preferred aspects of the inven-
tion are set out in the accompanying independent and
dependent claims. Features from the dependent claims
may be combined with features of the independent claims
and with features of other dependent claims as appro-
priate and not merely as explicitly set out in the claims.
[0026] For purposes of summarizing the invention and
the advantages achieved over the prior art, certain ob-
jects and advantages of the invention have been de-
scribed herein above. Of course, it is to be understood
that not necessarily all such objects or advantages may
be achieved in accordance with any particular embodi-
ment of the invention. Thus, for example, those skilled in
the art will recognize that the invention may be embodied
or carried out in a manner that achieves or optimizes one
advantage or group of advantages as taught herein with-
out necessarily achieving other objects or advantages
as may be taught or suggested herein.

Brief description of the drawings

[0027] The invention will be further elucidated by
means of the following description and the appended fig-
ures.

FIG. 1 shows the three main parts to be integrated
on the same structure.

FIG. 2 shows an integrated system according to an
embodiment of the present invention.

FIG. 3 shows a cross section of the transition element
illustrated as part of the integrated system of FIG. 2.
FIG. 4 shows a top view of the multilayer structure
used according to embodiments of the present in-
vention.

FIG. 5 shows a plot of a simulation result.

FIG. 6 shows a first sensitivity analysis plot.

FIG. 7 shows a second sensitivity analysis plot.
FIG. 8 shows a third sensitivity analysis plot.

FIG. 9 shows the different mechanical parts of a tran-
sition element as may be used in an integrated sys-
tem according to embodiments of the presentinven-
tion.

FIG. 10(a) schematically illustrates a waveguide and
atransition elementintegrated in a multilayer system
according to embodiments of the present invention,
and FIG. 10(b) illustrates the corresponding circuit
model.

FIG. 11a schematically illustrates a transition ele-
ment according to embodiments of the present in-
vention where the end cavity of a waveguide is fab-
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ricated in PCB technology.

FIG. 11b schematically illustrates a transition ele-
ment according to alternative embodiments of the
present invention where the end cavity of a
waveguide is fabricated in LTCC or MCM technolo-
ay.

FIG. 12a schematically illustrates an integrated sys-
tem comprising an RF chip, an antenna and a tran-
sition element as illustrated in FIG. 11a.

FIG. 12b schematically illustrates an integrated sys-
tem comprising an RF chip, an antenna and a tran-
sition element as illustrated in FIG. 11b.

[0028]
limiting.
[0029] In the different drawings, the same reference
signs refer to the same or analogous elements. Any ref-
erence signs in the claims shall not be construed as lim-
iting the scope.

The drawings are only schematic and are non-

Detailed description of illustrative embodiments

[0030] The presentinvention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes. The dimensions
and the relative dimensions do not necessarily corre-
spond to actual reductions to practice of the invention.
[0031] Furthermore, the terms first, second, third and
the like in the description and in the claims, are used for
distinguishing between similar elements and not neces-
sarily for describing a sequential or chronological order.
The terms are interchangeable under appropriate cir-
cumstances and the embodiments of the invention can
operate in other sequences than described or illustrated
herein.

[0032] Moreover, the terms top, bottom, over, under
and the like in the description and the claims are used
for descriptive purposes and not necessarily for describ-
ing relative positions. The terms so used are interchange-
able under appropriate circumstances and the embodi-
ments of the invention described herein can operate in
other orientations than described or illustrated herein.
[0033] The term "comprising", used in the claims,
should not be interpreted as being restricted to the means
listed thereafter; it does not exclude other elements or
steps. It needs to be interpreted as specifying the pres-
ence of the stated features, integers, steps or compo-
nents as referred to, but does not preclude the presence
or addition of one or more other features, integers, steps
or components, or groups thereof. Thus, the scope of the
expression "a device comprising means A and B" should
not be limited to devices consisting of only components
A and B. It means that with respect to the present inven-
tion, the only relevant components of the device are A
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and B. In embodiments of the present invention, the three
main parts of an integrated system (RF chip, antenna
and transition element) are connected using multilayer
technology. The multilayer system comprises a plurality
of conductive layers, such as metal layers, and a plurality
of dielectric layers. In the following, if the simple men-
tioning of "layer" is used, a conductive layer is meant.
The three main parts are connected in such a way that:
1) the antenna and the microstrip to waveguide transition
element may be implemented in one multilayer technol-
ogy; 2) an RF frontend chip can be mounted in or on the
same technology; and 3) the interaction between the an-
tenna radiation pattern, the microstrip to waveguide tran-
sition element and the RF frontend chip be reduced as
much as possible.

[0034] In embodiments of the present invention, the
transition element and the antenna are integrated in a
multilayer system. A first layer of the multilayer system
may be designed as a microstrip line, and a second layer
of the multilayer system may be designed as ground. The
antenna and the RF chip are each located at opposite
sides of the multilayer system. This way, interference be-
tween the antenna and the RF chip is reduced, even if
both are placed on a small footprint, especially in view
of conductive layers being present between the RF chip
and the antenna. Hence this solution is cost effective
(area cost).

[0035] The waveguide to microstrip transition element,
part of an integrated system of embodiments of the
present invention, may comprise a waveguide port for
connecting, for example perpendicularly, a waveguide to
the multilayer system. In particular embodiments, the
multilayer system may be a PCB multilayer.

[0036] A waveguide connected to the transition ele-
ment may have a top cavity attached to the multilayer
system, for example to a top layer thereof, and a wall
opening adjacent the multilayer system through which a
microstrip line extends. In particular embodiments of the
present invention, the microstrip line may be implement-
ed in a bottom layer of the multilayer system, hence the
waveguide may be connected to the side of the multilayer
structure where the microstrip line is provided.

[0037] The transition element may further comprise
thru metalized vias for connecting the top and bottom
layers of the multilayer system. By the integration of the
antenna in the multilayer system, one of the layers of the
multilayer system is designed as a (microstrip) antenna,
preferably the top layer of multilayer system. In such cas-
es, the top cavity of the waveguide may be applied at the
side of the multilayer system where the antenna is pro-
vided. An RF front-end chip may then be attached to the
bottom layer of the multilayer system, so that antenna
and RF front-end chip are located at opposite sides of
the multilayer system. By placing the top cavity of the
waveguide at the side of the multilayer system where the
antenna is provided, interference between waveguide
and antenna is reduced.

[0038] FIG. 2 shows an integrated system according

10

15

20

25

30

35

40

45

50

55

to a first embodiment of the present invention. In FIG. 2
(a) the RF frontend chip (1) and the antenna (2) are on
different sides of the multilayer structure (3). So the in-
teraction of the antenna radiation pattern and the RF fron-
tend chip is minimized. On the other hand, FIG. 2(b)
shows the exact build up which contains two waveguide
parts (4) and (5) and a multilayer structure (3) with 4
conductive layers. The top waveguide part (4) acts as a
cavity to reflect the wave into the microstrip line (6) while
the bottom waveguide part (5) carries the wave in and
out of the transition element (7). As the multilayer part
(3) is enclosed with metalized thru vias (8) to prevent the
wave from coupling to unwanted layers, the waveguide
opening (9) allows the wave to couple to the microstrip
line (6) which is patterned on layer 4 of the multilayer
structure (3). For the sake of signal matching there are
slots (10) in layer 1 and 2 that act as inductive and ca-
pacitive loads for the guided mode of the waveguide. The
slots (10) are designed so as to provide matching be-
tween a waveguide signal and a signal on the microstrip
line or vice versa. Finally, layer 3 not only does contain
a slot to help the matching procedure, but also it plays
the role of the ground plane (11) of the microstrip line
which shields the RF frontend chip (1) from the antenna
(2) as well, hence reducing interference between these
components.

[0039] As explained before, a microstrip line is used in
the waveguide to guide the electromagnetic wave from
the waveguide to the microstrip line. The microstrip line
is manufactured on the multilayer structure, such as for
example a multilayer PCB. This multilayer PCB is sand-
wiched between two conductive, e.g. metallic,
waveguide parts (4) and (5).

[0040] FIG. 3 shows a cross section of the waveguide
parts (4) and (5), along with the layers of the multilayer
PCB (3). The transition element shown in this figure is
composed of a waveguide part at the bottom. The
waveguide (5) used in this example is the V-band
waveguide with the standard name WR-15 and the di-
mensions of 3.759 mm x 1.880 mm. This part obviously
caries the electromagnetic wave through the first
waveguide mode towards the microstrip line (6). In order
to allow the microstrip line (6) to enter the waveguide (5),
an opening is made in the wall of the waveguide with
transverse dimensions of 1 mm x 1 mm. This opening is
small enough that the cut-off frequency of the first elec-
tromagnetic mode in rectangular waveguide resulted
within this opening is well above the highest operation
frequency. Consequently, the energy coupled to the
microstrip line will have a purely microstrip mode distri-
bution.

[0041] The microstrip line is manufactured in a multi-
layer technology, such as e.g. a PCB technology (3). The
base material used for the multilayer PCB in the example
described is nelco4000. This material has a permittivity
of 3.9 = 0.2 and aloss tangent of 0.03+ 0.005 at 60GHz.
In Fig. 3, the black bold lines represent the metallic pat-
terned layers in the PCB build-up. From bottom to top
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there are 3 layers (21), (22) and (23), the first of which
is the microstrip line (21). The substrate layer on which
the microstrip line is patterned is a nelco4000 substrate
with a thickness of 75um (26). As a result, this microstrip
line should have a width of 150um in order to yield a 50-
ohm characteristic impedance. The microstrip line is
placed perpendicular to the width of the waveguide. So
its position can be shifted along the width of the
waveguide. This shifting parameter along with the length
of the microstrip line that goes in the waveguide are two
of the design parameters in the PCB part of the transition
element.

[0042] The upper 2 conductive layers (22) and (23) in
the PCB build-up (for example thickness (25) of 504 pm
in the example illustrated) contain openings, also called
irises, for example rectangular or circular openings,
transverse to the direction of wave propagation. The
functionality of these openings in the two upper layers is
to load the electromagnetic wave with capacitive and in-
ductive impedances so as to obtain impedance matching
between the waveguide and the microstrip line. The
number of irises determines the available bandwidth: the
more irises are present, the higher the functional band-
width that can be obtained, ifthe irises are designed prop-
erly. The irises can be designed based on formulae
known for irises for impedance matching of coupled
waveguides, as for example described in the handbook
"Foundations for Microwave Engineering", Robert E. Col-
lin (2001, John Wiley and Sons, Second Edition). From
these formulae, suitable dimensions of the irises can be
calculated. A combination of capacitive and inductive iris-
es can be considered an LC tank, as illustrated in FIG.
10. FIG. 10(a) schematically illustrates a transition ele-
ment (7) and a microstrip line (6) integrated in a multilayer
system, as well as a waveguide (5) and end cavity (4)
with back short (100).

[0043] In particular embodiments of the presentinven-
tion the end cavity (4) and the back short (100) may be
integrated into the multilayer system, as for example il-
lustrated in FIG. 11a and FIG. 11b. FIG. 11a illustrates
an embodiment where the end cavity (4) is fabricated in
PCB technology. FIG. 11b illustrates an embodiment
where the end cavity (4) is fabricated in LTCC or MCM
technology. Also the microstrip port (110) and the
waveguide port (111) are illustrated in FIG. 11aand FIG.
11(b). In alternative embodiments, as illustrated in FIG.
10(a) the end cavity (4) and the back short (100) may be
external to the multilayer system.

[0044] One of the layers of the multilayer system acts
as ground layer for the microstrip line, i.e. the metal layer
closest to the microstrip line. In FIG. 11a and FIG. 11b
this is the metal layer indicated with an encircled refer-
ence number 2.

[0045] FIG. 10(b) illustrates the circuit model corre-
sponding to the device schematically illustrated in FIG.
10(a), for use with the formulae known for irises for im-
pedance matching of coupled waveguides as described
in the book by Collin above. The open rectangles in the
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circuit model represent transmission lines for the
waveguide parts, while the filled rectangles illustrate
transmission lines for the microstrip parts. Also the micro-
strip input port (110) and the waveguide port (111) are
illustrated. The transmission lines for the waveguide
parts take into account the distance between the con-
ductive layers of the multilayer structure. The top iris is
represented by the LC tank L10C10, and the bottom iris
is represented by the LC tank L11C11.

[0046] The microstrip probe (6) is represented in the
circuit model by the inductance L3. It is clear from the
circuit model of FIG. 10(b) that supplementary degrees
of freedom for matching are added and/or a broader
bandwidth can be obtained for the system by adding extra
layers in the multilayer system (more d;'s and more LC
tanks).

[0047] Itis advantageous for bandwidth behavior if the
irises are centered in the direction transverse to the
microstrip line direction while they can be shifted from
the centre point in the longitudinal direction of the micro-
strip line. As the thickness of the different substrate layers
may be chosen before the actual design is performed
(hence the parameters d; in FIG. 10(a) and FIG. 10(b)
arefixed), the main design parametersin the PCB buildup
may be the width and the length of the irises in the con-
ductive layers of the multilayer structure, in the example
givenin FIG. 10(a) the two upper PCB layers. Moreover,
two other design parameters come from shifting these
irises from the centre point tangential to the microstrip-
line direction.

[0048] The last objects used on the multilayer, e.g.
PCB, part of the transition element are some metalized
thru vias (8), illustrated in FIG. 2 and FIG. 4. These vias
(8) which connect the top and the bottom conductive lay-
ers of the multilayer structure to each other act as a con-
tinuum for the waveguide walls in the dielectric material
of the multilayer structure. The functionality of these vias
is to prevent the electromagnetic wave from penetrating
to the dielectric substrate surrounding the irises in differ-
ent conductive layers of the multilayer structure. The
centers of the thru vias determine a shape, such as for
example but not necessarily limited thereto, a shape sim-
ilar to or corresponding to the waveguide shape, e.g. a
rectangle oracircle oranoval. Ifthe shape is correspond-
ing to the waveguide shape, this shape may have the
same dimensions as the waveguide. In alternative em-
bodiments, dimensions slightly larger or slighter smaller
than the waveguide dimensions are also possible. With
slightly larger or slightly smaller is meant not more than
a quarter wavelength difference. Dimensions which are
slightly smaller or slightly larger are advantageous in
terms of matching (an extra design parameteris available
in the circuit model). The diameter and centre-to-centre
spacing of these thru vias in the embodiment described
are 150um and 350um respectively. As these vias are
thru vias, to prevent them from short circuiting the micro-
strip line, there is an opening in the vias’ chain just above
the microstrip line. The centre-to-centre distance of the
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two nearest vias in this region is the same as the width
of the opening in the waveguide that is 1mm in the em-
bodiment described. Fig. 4 shows a schematic for the
multilayer build-up along with the design parameters for
different layers. A top view of the multilayer structure is
shown containing three layers (21), (22) and (23). The
last part of the transition structure which is named Top-
Cap (4) in Fig. 3 is a metal box, having a cavity (24) at
one of its faces. The depth of the cavity is a design pa-
rameter usable for defining working frequency and/or
bandwidth. This cavity (24) that is depicted in Fig. 3 has
3 dimensions of length L4 (in transversal direction of the
microstrip line), width w4 (in longitudinal direction of the
microstrip line) and depth d4 (e.g. about 250 wm). These
3 dimensions along with the value of the displacement
of the centre of the cavity with respect to the centre of
the waveguide in the direction of the microstrip line, s4,
become 4 other design parameters for the transition el-
ement.

[0049] By positioning of the microstrip line and its
ground plane with respect to the waveguide as in the
present invention, allows: a) keeping the microstrip line
on the same side as the waveguide part b) having the
RF frontend and the antenna on different sides of the
multilayer structure ¢) having the waveguide cavity which
is much smaller than the input/output waveguide and the
antenna on the same side to reduce the scattering effect
of the waveguide part on the antenna radiation pattern.
In the prior art, some quarter wave microstrip lines are
used to match the transition on the microstrip port. How-
ever, by using the slots in different layers in the proposed
structure as the inductive and capacitive loads, these
matching lines may be omitted and the transition is
matched on the microstrip port plane. This results in a
reduction in the area needed for the transition on the
microstrip layer. Further, by using a multilayer structure,
e.g. multilayer PCB, the number of design parameters is
increased and consequently design capabilities are ex-
panded. Moreover, the material used for the transition
element has better mechanical stability. As a result, the
manufacturing procedure including the thru-hole metal-
lization becomes more convenient and less expensive.
On the other hand the assembling of the different parts
of the transition such as sandwiching of the multilayer
structure, e.g. PCB, between the bulky conductive, e.g.
metal, parts of the waveguide takes less effort. Further,
using the multilayer structure, e.g. PCB, comprising irises
can increase the working bandwidth of the probe-fed
waveguide-to-microstrip transition device.

[0050] FIG. 12a and FIG. 12b schematically illustrate
an integrated system comprising an RF chip (1), an an-
tenna (2) and a transition element. The transition element
in FIG. 12a is as illustrated in FIG. 11a, i.e. a transition
elementwhere the end cavity of awaveguide is fabricated
in PCB technology. The transition element in FIG. 12b is
as illustrated in FIG. 11b, i.e. a transition element where
the end cavity of a waveguide is fabricated in LTCC or
MCM technology. It can be seen from both embodiments

10

15

20

25

30

35

40

45

50

55

that RF chip (1) and antenna (2) are located at opposite
sides of the multilayer structure, thus saving area. More-
over, in the embodiments illustrated, the antenna (2) is
placed at a side of the multilayer remote from the
waveguide (5), thus reducing interference between an-
tenna signals and waveguide signals.

[0051] In an experiment, based on the described inte-
grated system comprising a transition element integrated
in a multilayer structure and the known electromagnetic
properties of different parts of the transition element, a
first value for each of the design parameters was chosen.
Thesefirst values where values which for a person skilled
inthe artwere considered to be realistic values. The thick-
ness of the PCB was predetermined. A waveguide with
particular dimensions was selected. For a start, the same
dimensions were selected for the irises, and, also for a
start, the irises were aligned with the waveguide. Also
the dimensions of the upper cavity were selected similar
to the dimensions of the waveguide. A bottom margin of
some of the above parameter values is restricted by the
technology used. The accepted return loss for the afore-
mentioned application (60 GHz receiver) was 10dB. So
the goal of the design was to reach the highest possible
bandwidth for the return loss, with lowest possible inser-
tion loss in that frequency band. The best result which
was obtained by tuning the different design parameters
is shown in Fig. 5. This figure shows the insertion loss
and return loss for optimized transition for the frequency
band from 40GHz to 80GHz. These two frequencies are
the cut-off frequencies of the 1st and the 2nd modes in
the WR-15 waveguide. In Fig. 5 it can be seen that the
insertion loss is less than 1dB for the frequency band
45GHz to 69GHz. If the relative bandwidth is defined as
the ratio of the absolute bandwidth to the centre frequen-
cy, the designed transition has a relative less-than-1dB-
insertion-loss bandwidth of 42%. On the other hand,
should 10dB be assumed as the accepted return loss,
the optimized transition has a relative more-than-10dB
return- loss bandwidth of 46%.

[0052] The values of the design parameters for which
the transition has the return loss and insertion loss de-
picted in Fig. 5 are shown in Table I.

Table |
Design Parameter | Optimized Value (mm)

d1 0

L1 0.7
w2 1.48
L2 2.76
s2 0.5
w3 1.48
L3 3.26
s3 0.25
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(continued)

Design Parameter | Optimized Value (mm)
d4 0.25
w4 1.68
L4 3.56
s4 0.1

[0053] Itis to be noted that in the optimized transition,
all different parts have symmetry versus the x axis de-
picted in Fig.4 while there are structures that have some
shift in the direction of x with respect to the origin O.
[0054] After the optimization procedure and having ac-
ceptable simulation results a sensitivity analysis on the
sensitive parameters of the transition element was done.
As the transition element was designed to be used at
millimeter wave frequencies and the resulting dimen-
sions were very tiny, it makes sense to study the effect
of probable imperfections of the manufacturing and as-
sembling procedure on the measurement results.
[0055] The first parameter under investigation was the
misalignment of the Top-Cap with respect to the multi-
layer structure, e.g. PCB, and waveguide parts. Fig.6
shows the simulation results for the insertion loss and
return loss sensitivities to this misalignment. As can be
seen in this figure, the worst case occurs when the miss-
alignment takes place in the -x direction with an amount
of 100 wm. So it can be deduced that the transition ele-
ment will be not highly sensitive to the miss-alignment of
the Top-Cap with respect to the two other parts after be-
ing manufactured. This is based on the fact that the me-
chanical alignment of the 3 different parts has an accu-
racy better than 100 pm.

[0056] The next sensitivity analysis was done on the
misalignment of the waveguide with respect to the Top-
Cap and the parts of the multilayer structure, e.g. PCB
parts. The simulation results are shown in Fig.7 where
the waveguide is shifted by two 50um steps in =x and
+ y directions.

[0057] Itis visible from the simulation results shown in
Fig.7 that the transition performance is more sensitive to
the misalignment of the waveguide, compared to the mis-
alignment of the Top-Cap. Specifically, in the case of a
shift of 100 wm in the x direction the insertion loss and
the return loss deviate from their optimum value by con-
siderable values. Consequently, in assembling proce-
dure, special care should be taken into the alignment of
the waveguide part.

[0058] The last sensitivity analysis done for the transi-
tion structure was on the effect of miss-alignment of the
PCB part with respect to the Waveguide and Top-Cap
parts. This case is the same case as the miss-alignment
of the Cap-Top and waveguide simultaneously with re-
spect to the PCB. Fig. 8 shows the simulation results for
the insertion loss and return loss when the PCB is shifted
by two 50pum steps in =x and *y directions.
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[0059] As can be seen in Fig. 8, the return loss level
of the transition will degrade when PCB shift is 100 pm
in x or y directions. This degradation is in the return loss
level as well as its bandwidth, depending on the case.
[0060] As a result of the sensitivity analysis study, it
can be deduced that for a higher-than-10dB return loss
and a lower than 1dB insertion loss over the complete
frequency band of 45GHz to 69GHz the tolerances in the
final alignment and assembly procedure should be less
than 100 wm. Fig.9 shows different parts of the transition
element to be manufactured and assembled. The flange
part (41) comprises the waveguide and a standard flange
to connect it appropriately to the external waveguide
ports. The PCB (42) is sandwiched between flange part
(41) and the other two upper parts of Ring (43) and Cap
(44). The latter two parts will be manufactured in one
sample as the Top-Cap. As shown in the embodiment
illustrated in Fig. 9, there are 4 alignment holes (45) and
3 screw holes (46) in each piece.

[0061] While the invention has beenillustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive. The invention
is not limited to the disclosed embodiments. Variations
to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the
claimed invention, from a study of the drawings, the dis-
closure and the appended claims. It should be noted that
the use of particular terminology when describing certain
features or aspects of the invention should not be taken
to imply that the terminology is being re-defined herein
to be restricted to include any specific characteristics of
the features or aspects of the invention with which that
terminology is associated.

Claims

1. Anintegrated system comprising an RF chip (1), an
antenna (2) and a transition element for providing
signal coupling between a waveguide (5) and a
microstrip line (6),
wherein the transition element and the antenna (2)
are integrated in a multilayer system (3), and
wherein the antenna (2) and the RF chip (1) are each
located at opposite sides of the multilayer system (3).

2. Anintegrated system according claim 1, wherein the
multilayer system (3) comprises a plurality of con-
ductive layers.

3. Anintegrated system according to claim 2, wherein
the multilayer system (3) comprises afirst conductive
layer designed as the microstrip line (6) and a second
conductive layer designed as ground layer.

4. An integrated system according to any of claims 2
or 3, wherein the plurality of conductive layers are
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designed so as to provide impedance matching be-
tween a waveguide signal and a signal on the micro-
strip line (6).

An integrated system according to claim 4, wherein
at least one of the plurality of conductive layers has
an iris, the dimensions of the at least one iris being
adapted for impedance matching between the
waveguide (5) and the microstrip line (6).

An integrated system according to any of the previ-
ous claims, furthermore comprising a waveguide (5)
connected to the multilayer system at the side re-
mote from the antenna (2).

An integrated system according to claim 6, wherein
the waveguide (5) comprises a top cavity (4) at-
tached to the top layer of the multilayer system (3).

An integrated system according to any of claims 6
or 7, wherein the waveguide (5) further has a wall
opening (9) adjacent the multilayer system (3)
through which the microstrip line (6) extends.

An integrated system according to any of claims 6
to 8, wherein the waveguide (5) is coupled substan-
tially perpendicularly to a conductive layer of the mul-
tilayer system (3).

An integrated system according to any of the previ-
ous claims, wherein the transition element further-
more comprises alignment features (45) for aligning
the waveguide (5), the top cavity (4) and the multi-
layer structure (3) with respect to each other.
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