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EP 2 467 897 B1
Description

TECHNICAL FIELD

[0001] The presentdisclosure relates generally to microwave and millimeter wave radio frequency waveguide interface
technologies.

BACKGROUND

[0002] As the semiconductor industry continues to increase circuit complexity and density by reduction of process
node geometries, operating signal frequencies continue to increase. It is now possible to obtain semiconductors that
operate well into the millimeter wave region of radio spectrum (30 GHz to 300 GHz). Traditionally the types of semicon-
ductors used have been in the category of "llI-V" types, indicating that the semiconductor compounds have been derived
from period table elements in the third and fifth columns. Examples of these are gallium arsenide (GaAs) and indium
phosphide (InP). In recent years, less expensive semiconductor processes that arise from column IV (such as silicon
and germanium, Si and Ge) have been produced in silicon CMOS (complementary metal oxide semiconductor) and
silicon germanium (SiGe) compounds. The result has been to extend the operating frequency of low-cost silicon well
into the 60 to 80 GHz range of frequencies. By having low-cost semiconductor technology available, it has put pressure
on the millimeter wave manufactures to bring the overall costs down for the electromechanical support mechanisms that
enable these semiconductor devices.

[0003] Commercial waveguide structures enable low-loss energy transfer at millimeter wave frequencies, with the
additional benefit of having been standardized on size and mechanical coupling flange designs. By having standardized
sizes and coupling flanges, interoperability between different devices and different manufactures is enabled, providing
maximal flexibility for millimeter wave system design. The traditional method for interfacing semiconductor devices within
a mechanical waveguide has been to either provide a split-cavity type of assembly with expensive precision machining
requirements or to couple energy from an orthogonal planar printed circuit launch probe with associated lossy energy
transfer. In addition, with new semiconductor designs providing balanced transmission line outputs, there has been no
straightforward electromechanical method for coupling millimeter wave energy from the balanced outputs directly to a
waveguide without added circuitry such as a balun transformer which is also exhibits excessive losses as the frequency
range of operation increases.

[0004] The prior art methods for coupling energy into and out of semiconductor devices can be divided into two
categories. The first is the use of split-cavity metallic structures that allow the semiconductor chip to be placed into one
of the cavities, with the other half of the cavity then brought together with the first half with precision fit. The typical
precision required for the internal dimensions of a millimeter wave waveguide is on the order of = .001" (.025 mm).
Holding this precision in the construction of the upper and lower cavity halves through machining, and maintaining
registration alignment for assembly is expensive.

[0005] The second method used is to provide a printed circuit board with a stub or paddle energy launch. The stub or
paddle launch is orthogonal to the waveguide cavity, also requiring a split-cavity type of assembly method.

[0006] In each case a custom, highly precision machining process is required to maintain the internal waveguide
dimensional requirements. Some cost reduction can be afforded through a casting process, but secondary machining
operations are still necessary to realize the precision needed.

[0007] The above methods are also designed for single-ended circuit configurations only. It is necessary to provide
low-cost and efficient coupling methods for both single-ended and differential circuits. Millimeter wave semiconductor
circuit designs often make use of differential amplifier and output stage configurations to enable high gain and power
efficiencies.

[0008] The article by Kevin M.K.H. Leong et al., IEEE Microwave and Wireless Components Letters, Vol.19, No. 6,
June 2009, discloses a 340-380 GHz integrated CB-CPW-to waveguide transition for sub-millimeter wave MMIC pack-
aging.

[0009] Whatis needed is a low-cost and highly efficient coupling technique for semiconductor microwave, millimeter
wave and sub-millimeter wave device energy transfer to and from standardized waveguide structures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings illustrate one or more exemplary embodiments.
[0011] In the drawings:

Figure 1A illustrates a side view of a waveguide interface in accordance with an embodiment;
Figure 1B illustrates a cross sectional side view of the waveguide interface in accordance with an embodiment;
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Figure 2A illustrates a rear view of a waveguide interface in accordance with an embodiment;

Figure 2B illustrates a detailed rear view of the waveguide interface in accordance with an embodiment;

Figure 3A illustrates a top view of the waveguide interface in accordance with an embodiment;

Figure 3B illustrates a cross sectional top view of the waveguide interface in accordance with an embodiment;
Figure 4A illustrates a waveguide flange in accordance with an embodiment;

Figure 4B illustrates an interface plate in accordance with an embodiment;

Figure 4C illustrates the waveguide flange along with the interface plate in accordance with an embodiment;
Figure 5 illustrates a support block in accordance with an embodiment;

Figure 6A illustrates a transmitter printed circuit board and launch transducer substrate assembly in accordance
with an embodiment;

Figure 6B illustrates a receiver printed circuit board and launch transducer substrate assembly in accordance with
an embodiment;

Figure 7A illustrates a transmitter launch transducer substrate in accordance with an embodiment;

Figure 7B illustrates a receiver launch transducer substrate in accordance with an embodiment;

Figure 8 illustrates four views of a printed circuit board in accordance with an embodiment; and

Figure Qillustrates a close up cross sectional side view of the waveguide interface in accordance with anembodiment.

OVERVIEW

[0012] A waveguide interface according to the invention is defined in claim 1.

[0013] In an aspect, a precision waveguide interface is composed of a circular interface plate with a rectangular slot
such that the slot length accepts a printed circuit board and launch transducer subassembly. The printed circuit board
and launch transducer subassembly form the bottom half of a short waveguide segment within the rectangular slot of
said interface plate. Due to the slot width or narrow dimension, the distance from the printed circuit assembly to the slot
width upper boundary constrains the waveguide cutoff frequency of the short waveguide segment such that it is greater
than the desired overall operational frequency range of the waveguide interface. By constraining the waveguide cutoff
frequency of the shortwaveguide segment within the interface plate to a higher value thanthe desired operating frequency
range of the waveguide interface, electromagnetic radiation transduction does not occur in this region and only electrically
conducted energy is allowed to pass through the transmission line section of the launch transducer.

[0014] Inanother aspect, the printed circuit board contains thereon a semiconductor chip that functions as a transmitter
or source of high frequency microwave, millimeter wave or sub-millimeter wave energy.

[0015] In another aspect the printed circuit board contains thereon a semiconductor chip that functions as a receiver
of high frequency microwave, millimeter wave or sub-millimeter wave energy.

[0016] Inanother aspectthe launch transducer is composed of a low-loss dielectric material such as quartz or alumina
with deposited metallization such as gold, forming a transmission line and a radiating antenna element.

[0017] Known in the art are the designations for waveguide internal dimensions corresponding to the direction of the
electric field vector as the E-field dimension and to the direction of the magnetic field vector as the H-field dimension.
[0018] In another aspect the interface plate is positioned flush against a standard waveguide flange such that the
narrow dimension of the slot within the interface plate is orthogonal to the longer or H-field dimension (known in the art
as the "a" waveguide dimension) of the standard waveguide flange. As such, the interface plate slot width constrains
the waveguide segment cutoff frequency along the segment formed by the interface plate slot and the printed circuit
and launch transducer subassembly until the standard waveguide flange is encountered by the conducted energy. Just
beyond the location of the junction between the interface plate and the standard waveguide flange, the energy conducted
within the transmission line of the launch transducer in conjunction with the radiating element is allowed to freely transduce
into guided electromagnetic radiation within the standard waveguide channel volume.

[0019] In another aspect the printed circuit board and launch transducer subassembly are positioned such that the
launch transducer radiating element is located within the standard waveguide area adjacent to the short waveguide
segment formed by the printed circuitand launch transducer subassembly. The launch substrate transducer is configured
to provide maximum energy radiation in the direction of the waveguide axis, known as an end-fire radiation pattern.
[0020] In an aspect, a waveguide interface includes a support block that has a printed circuit board. A communication
device is coupled to the circuit board. A launch transducer is positioned adjacent to the circuit board and is coupled to
the communication device. The launch transducer includes one or more transmission lines in a first portion and at least
one antenna element in a second portion. The antenna element radiates millimeter wave frequency signals. An interface
plate coupled to the support block has a rectangular slot having predetermined dimensions. A waveguide component
is coupled to the interface plate and has a waveguide opening. The first portion of the launch transducer is positioned
within the slot such that the slot prevents energy from the transmission line from emitting toward the circuit board or the
waveguide opening but allows energy to pass from the antenna element into the waveguide opening.

[0021] A method for forming a precision waveguide interface is defined in claim 7.
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[0022] Inanaspect, a method of forming a precision waveguide interface comprises: selecting a support block including
a printed circuit board, the support block oriented along a plane; coupling a communication device to the printed circuit
board; coupling a launch transducer to the communication device, wherein the launch transducer is positioned adjacent
to the printed circuit board, the launch transducer including one or more transmission lines in a first portion of the launch
transducer and at least one antenna element coupled to the one or more transmission lines in a second portion of the
launch transducer, wherein the at least one antenna element is configured to radiate millimeter wave frequency signals;
coupling a circular interface plate to an end of the support block and oriented perpendicular to the plane, the interface
plate having a rectangular slot having predetermined dimensions; and coupling a waveguide component to the interface
plate, the waveguide component having a waveguide opening, wherein the first portion of the launch transducer is
positioned within the rectangular slot such that the rectangular slot prevents energy from the transmission line from
being emitted toward the printed circuit board or the waveguide opening and allows energy to pass from the at least one
antenna element into the waveguide opening.

[0023] In an aspect, the second portion of the launch transducer is positioned within the waveguide opening. The
launch transducer is positioned midway between opposing width edges of the support block. The communication device
is positioned within a recess in the printed circuit board such that the first portion of the transducer is at a predetermined
height within the rectangular slot. The launch substrate transducer is configured to provide maximum energy radiation
in the direction of the waveguide axis.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0024] Various example embodiments are described herein in the context of a precision waveguide interface. Those
of ordinary skill in the art will realized that the following detailed description of the present invention is illustrative only
and is not intended to be in any way limiting. Other embodiments of the present invention will readily suggest themselves
to such skilled persons having the benefit of this disclosure. Reference will now be made in detail to the exemplary
implementations of the present invention as illustrated in the accompanying drawings. The same reference indicators
will be used throughout the drawings and the following detailed descriptions to refer to the same or like parts.

[0025] In an embodiment, the waveguide interface utilizes 60 GHz millimeter wave launch transducer antennas and
enabled communication devices, although not limited thereto. As described below, an embodiment of the inventive
subject matter will be discussed in relation to various types of launch transducer antennas, whereby each launch trans-
ducer antennais coupled to a respective communication device. Also as described below, an embodimentof the inventive
subject matter will be discussed in the contexts of electromagnetic transmission and electromagnetic reception. Those
of ordinary skill in the art will realize that both the transmission context and the reception context equally apply due to
the Lorentz electromagnetic reciprocity theorem.

[0026] In general, the following is directed to an interface between a standard waveguide flange structure and an
enabled communication device. The lower-frequency electrical signals and power connections to the communication
device are made to the waveguide interface through a multi-pin connector on the printed circuit board at the rear of the
waveguide interface assembly; the high frequency millimeter wave electromagnetic energy is guided by the standard
waveguide structure.

[0027] In an embodiment, the enabled communication device is a highly integrated millimeter wave radio transmitter
that is attached to the printed circuit assembly. In another embodiment the enabled communication device is a highly
integrated millimeter wave radio receiver that is attached to the printed circuit assembly. In an embodiment, the com-
munication device is a silicon germanium (SiGe) chip although gallium arsenide (GaAs), complimentary metal oxide
semiconductor (CMOS), or other semiconductor chips are contemplated. The details of the workings of the communication
device are known in the art and are not discussed herein.

[0028] Figures 1A, 2A, 3Ashows a side, rear and top view of the waveguide interface in accordance with anembodiment.
As shown in Figure 1A, 2A, 3A the waveguide interface includes a printed circuit assembly 21, a support block 31, an
interface plate 32, and a standard waveguide flange structure 33. The support block 31 and the interface plate 32 are
coupled to the waveguide flange 33 by use of machine screws 37 and 37A and/or other types of fasteners. Low frequency
electrical signal and power connections are made to a communication device 22 (Figure 1B) via the printed circuit board
through connector 38. The communication device 22 is preferably protected from the environment by a protective cover
or encapsulant.

[0029] Figure 1B shows a cross sectional side view of the waveguide interface in an embodiment. As shown in Figure
1B, the waveguide interface 30 includes a printed circuit assembly 21 having a connector 38 thereon, as well as a
communication device 22, and a launch transducer 26. As shown in Figure 1B, the waveguide interface includes a
waveguide opening 33B in a waveguide flange 33. Figure 1B also shows a short waveguide segment 32B defined by
the printed circuit assembly 21 and the interface plate slot 32A. Fasteners 37 and 37A couple the support block 31 and
the interface plate 32 to the waveguide flange 33, wherein the interface plate 32 is positioned between the support block
31 and the waveguide flange 33.
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[0030] Figure 3B illustrates a cross section top view of the waveguide interface in an embodiment. Low frequency
signal and power electrical interconnection between the communication device 22 and the printed circuit assembly 21
is provided by a plurality of wire bond connections 23, although other appropriate electrical connection means are
contemplated. The printed circuit assembly 21 also carries copper plating 25 in an interface region 25A to provide an
electrical ground plane in the local interface region 25A of the interface plate 32 and waveguide flange assembly 33.
[0031] Figure 2B illustrates a rear view of the waveguide interface in an embodiment. Support block 31 (Figure 1B)
also contains guide pins 31B that provide precision alignment of the mechanical interfaces between the support block
31 and the interface plate 32.

[0032] Figure 4A illustrates a schematic of the waveguide flange 33 in accordance with an embodiment. Figure 4B
illustrates a schematic of the interface plate 32 in accordance with an embodiment. Figure 4C illustrates a schematic of
the waveguide flange 33 coupled to the interface plate 32 in accordance with an embodiment, wherein the interface
plate 32 is aligned to the waveguide flange assembly 33 with interface plate slot 32A overlapping with the waveguide
flange opening 33B.

[0033] As shown in Figure 4A, the waveguide flange 33 includes a waveguide opening 33B positioned substantially
in the center of the circular waveguide flange 33. In particular, the waveguide opening 33B is rectangular having an "a"
dimension representing the H-field and a "b" dimension representing the E-field for a rectangular waveguide. In an
embodiment, the waveguide opening 33B dimensions are such to be utilized for the frequency range of 50 to 75 GHz,
whereby the dimensions are defined by what is known categorized in the art as WR-15 or in military standard MIL-DTL-
85/3C as M85/3-018. For the 50to 75 GHz standard waveguide frequency range, also known as V-band, the "a" dimension
is approximately 3.76 mm and the "b" dimension is approximately 1.88 mm. It should be noted that other "a" and "b"
dimensions are contemplated for the type of application and/or the frequency range desired and thus are not limited to
the values specified above. Precise alignment of interface plate 32 with standard waveguide flange 33 is facilitated by
the standard waveguide flange guide pins 33A inserted into guide pin holes 32B contained within interface plate 32, as
discussed above.

[0034] Figure 5 shows support block 31 in an embodiment. The support block 31 includes a counter-bored hole 31A
which allows the fastener 37A (Figure 1B) to be inserted therein to couple the support block 31 to the waveguide flange
and interface plate assembly 32, 33. In addition, the support block 31 includes one or more guide pins 31B which are
aligned with the interface plate guide pin holes 32D of the interface plate 32. The support block 31 provides support for
the printed circuit assembly 21 when the waveguide interface operates as a transmitter (Figure 1B). The support block
31 provides support for the printed circuit assembly 11 when the waveguide interface operates as a receiver (Figure
BA). Support block 31 also provides for precise alignment of transmitter printed circuit assembly 21 and the receiver
printed circuit assembly 11 with the interface plate 32 and the standard waveguide flange 33.

[0035] Figure 6A shows a top view detail of transmitter printed circuit assembly 21 in an embodiment. As shown in
Figure 6A, the communication device 22 is affixed within a cut out area 28 of the printed circuit assembly 21 and is
positioned to abut the cut out area edge 29 adjacent to the launch transducer 26. As shown by the shaded area, the cut
out area 28 and the top area 25 are copper and gold plated to maintain a continuous electrical ground plane. Low-
frequency signal and power connections are supplied to the communication device 22 via a plurality of wire bonds 23
from corresponding wire bond pads 24, although other interconnection technologies besides wire bond pads 24 are
contemplated. High-frequency millimeter wave connections are provided between the communication device 22 and the
adjacently positioned launch transducer 26 with low-inductance wire or ribbon bonds 27, although other connection
technologies are contemplated. The communication device 22 is configured to have a balanced connection at the high-
frequency millimeterwave outputterminals. Additionally, the launch transducer 26 is implemented with matching balanced
transmission line terminals to efficiently accept high-frequency energy from the communication device 22. Launch trans-
ducer 26 is located precisely at the midpoint between printed circuit assembly 21 width edges 21A and 21B. Additionally,
the launch transducer 26 has a width dimension Yt that is precisely matched to the standard waveguide flange opening’s
33B "b" dimension, described above.

[0036] Figure 6B shows a top view detail of receiver printed circuit assembly 11 in an embodiment. The communication
device 12 is affixed within printed circuit assembly cut out area 18 and located to abut the cut out area edge 29 adjacent
to the launch transducer 16. Printed circuit 11 cut out area 18 and top area 15 are copper and gold plated to maintain
a continuous electrical ground plane. Low-frequency signal and power connections from the printed circuit assembly 11
are provided to the communication device 12 via a plurality of wire bonds 13 from corresponding wire bond pads 14,
although other interconnection technologies are contemplated. High-frequency millimeter wave connections are com-
municated between the communication device 12 and the launch transducer 16 with low-inductance wire or ribbon bonds
17, although other connection technologies are contemplated. Communication device 12 has an unbalanced connection
at the high-frequency input terminals. Launch transducer 16 is implemented with matching unbalanced transmission
line terminals to efficiently deliver high-frequency energy to the communication device 12. Launch transducer 16 is
located precisely at the midpoint between printed circuit assembly 11 width edges 11A and 11B. Launch transducer 16
with is precisely matched to the waveguide flange opening's 33B "b "dimension, described above.
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[0037] Figure 7A shows top and bottom views of transmitter launch transducer 26 in an embodiment. As shown in
Figure 7A, the launch transducer 26 is composed of low-loss substrate 263 which has a top metallization pattern and
bottom metallization pattern. In an aspect, the substrate 263 is composed of fused silica (silicon dioxide) and is 254
micrometers (pm) thick, although other low-loss substrate materials and other material thickness values are anticipated.
The metallization pattern is substantially composed of vacuum deposited gold metal from vacuum deposition techniques
or other appropriate methods.

[0038] The top metallization pattern of the transmitter launch transducer 26 is composed of two transmission line
sections 261, 262. The transmission line sections 261, 262 are preferably implemented over a ground plane 264 on the
bottom side of substrate 263. The transmission line sections 261, 262 couples energy from the communication device
22 via bond wires 27 (Figure 6A) or other means to the transmission line sections 265, 266. Transmission line sections
261, 262 are implemented to match the output impedance of the communication device 22 and the bond wires 27 in a
balanced configuration. Transmission line sections 265, 266 are located over a clear substrate section (with no ground
plane on the bottom side of substrate 263 in this section) and provides energy from the transmission lines 261,262 to a
pair of corresponding antenna elements 267, 268. Transmission line sections 265, 266 are implemented to match the
input impedance of the antenna elements 267, 268. Antenna elements 267, 268 are configured to provide substantial
radiation energy in a direction parallel to the substrate 263 and away from transmission line sections 265, 266, thereby
forming an end-fire radiation pattern into waveguide flange opening 33B. Launch transducer 26 width dimension, Yt, is
matched to be inserted into the standard waveguide flange opening 33B having the "b" dimension described above. In
an embodiment, the value of Yt is 1.80 mm and the value of Xt is 2.87 mm, although other values are contemplated.
[0039] Figure 7B shows top and bottom views of a receiver launch transducer 16 in an embodiment. Launch transducer
16 is composed of a low-loss substrate 163 which has a top metallization pattern and bottom metallization pattern. In
an embodiment substrate 163 is composed of alumina (aluminum oxide) and is 127 micrometers (um) thick. Other low-
loss substrate materials and other material thickness values are anticipated. The metallization pattern is substantially
composed of vacuum deposited gold metal using vacuum deposition techniques or other appropriate methods.

[0040] Inanembodiment, the top metallization pattern is composed of an unbalanced transmission line section coupled
to a set of antenna elements. Transmission line center conductor 164 traverses a length over ground plane 167 which
is on the bottom side of substrate 163. Beyond the position of ground plane 167, the transmission line 164 continues
and is positioned over a bottom side transmission line 170. Transmission lines 164 and 170 together couple to antenna
elements 168, 169 and 171, 172. Antenna elements 168,169 and 171, 172 form a dual element dipole and are configured
to provide a directional radiation pattern in a direction parallel to substrate 163 and away from transmission lines 164,
170, thereby forming an end-fire radiation pattern into waveguide flange opening 33B.

[0041] The unbalanced input circuit configuration is composed of a ground connection 162 and a center conductor
164. Ground connection 162 is electrically connected through the substrate 163 and facilitated by metalized plated
through holes (also known as vias) 165 and 166, thereby forming a low-inductance connection to ground plane 167 on
the bottom side of substrate 163. In an embodiment, the diameter of via holes 165, 166 is 127 micrometers (pm) with
gold metallization formed on the innerwalls, although other dimensions and material selections are contemplated. Launch
transducer 16 width dimension, Yr, is matched to be inserted into the standard waveguide flange opening’s 33B "b"
dimension. In an embodiment, the value of Yr is 1.80 mm and the value of Xr is 3.58 mm, although other dimensions
are contemplated.

[0042] The antenna elements 267, 268 of the transmitter launch transducer 26 and antenna elements 168, 169, 171,
172 of the receiver launch transducer 16 are configured to exhibit radio frequency operational bandwidth to be approx-
imately 15% referenced to the center operating frequency range. This operational bandwidth provides for an operating
frequency range, whereby the S parameter loss value (known in the art as S21) is to be less than 2 decibels (dB). In an
embodiment, launch transducers 26, 16 have an operating frequency range of 57 to 66 GHz, although other frequency
ranges of operation and bandwidths are contemplated.

[0043] Figure 8 shows four views of the transmitter printed circuit board 21 in an embodiment. Even though the
transmitter printed circuit board 21 is being discussed, the implementation details, as well as all mechanical and electrical
characteristics are substantially the same for both transmitter printed circuit board 21 and receiver printed circuit board
11. The cut out area 28 receives the communications device 22, whereby the communication device 22 sits within the
recessed cut out bottom surface 28A using a conductive epoxy adhesive. Various conductive epoxy adhesives are
known in the art and are not discussed herein. Cutout bottom surface 28A and sides 28B are metallized using standard
printed circuit plating techniques. In an aspect, the top ground plane area 25, the side surfaces 25A, the front surface
25B, and the bottom ground plane area 25C are electrically contiguous. Also, the top surface 25 is electrically contiguous
with the cutout side surfaces 28B and the bottom surface 28A.

[0044] Figure 9 shows a detailed cross sectional view of the transmitter waveguide interface in an embodiment. It
should be noted that the detailed description of the transmitter waveguide interface operation applies equally to the
receiver waveguide interface with the direction of the millimeter wave transduction and energy reversed. Those of ordinary
skill in the art will realize that both the transmission context and the reception context equally apply due to the Lorentz
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electromagnetic reciprocity theorem. Critical to the high efficiency and operation of the waveguide interface is to facilitate
radiation of millimeter wave energy into standard waveguide flange opening 33B and also restrict radiated energy losses
as the conducted electrical energy moves from the communications device 22 through the high frequency wire bonds
27 to the transmission lines 261,262. The short waveguide segment 32B is defined between the upper edge 32A of
interface plate 32 and the upper ground plane surface 25 of the printed circuit board assembly 21. Printed circuit board
assembly 21 also has contiguous copper plating at surfaces 25A and 25B, forming the lower portion of the short waveguide
segment 32B.

[0045] Waveguide cutoff frequency is the frequency atwhich all frequencies below the cutoff frequency are substantially
attenuated. Equation [1], derived from the Helmholtz equation for electromagnetic waves, provides the waveguide cutoff
frequency for rectangular waveguide with internal H-field "a" dimension and internal E-field "b" dimension.

w=ef() (5 y

[0046] Inequation [1], @, is radian frequency, ¢ is the speed of light, a is the H-field rectangular waveguide dimension,
b is the E-field rectangular waveguide dimension, and n and m represent the waveguide mode numbers. The dominant
waveguide mode is used to determine waveguide cutoff and is known in the art as transverse electric mode 1,0 (TE o)
where n=1 and m=0. With n=1 and m=0, the only variable remaining is the waveguide H-field "a" dimension. For standard
waveguide flange 33, the "a" dimension is 3.76 mm which yields a cutoff frequency of 39.9 GHz, well below the intended
operating frequency range of standard waveguide flange 33, which is 50 to 75 GHz. However it is desired to substantially
attenuate the transduction of energy into radiation over the operating frequency range of the waveguide interface in the
short waveguide segment 32B.

[0047] The H-field dimension of short waveguide segment 32B is shown as the "a™ dimension in Figure 9. In an
embodiment, the "a™ dimension is approximately 0.98 mm (980 p.m). Setting a in equation [1] to 0.98 mm with dominant
mode (n=1 and m=0) yields a cutoff frequency of 153 GHz, well above the intended operating range of the waveguide
interface. There will be slight variations of the cutoff frequency as the dimension "a™ varies as a function of the printed
circuit board thickness and the effective dimension "a™ varies due to the dielectric loading properties and thickness
variation of launch transducer 22 and launch transducer 12. However, with all variations taken into account, the minimum
waveguide cutoff frequency for either the transmitter waveguide interface or the receiver waveguide interface is greater
than 120 GHz. By establishing short segment waveguide 32B cutoff frequency well above the operating frequency range
of the waveguide interface, maximum energy is provided to the standard waveguide opening 33B.

Claims
1. A waveguide interface comprising:

a launch transducer (16, 26) comprising one or more transmission lines (261, 262, 265, 266) in a first portion
of the launch transducer and at least one antenna element (267, 268, 168, 169, 171, 172) coupled to the one
or more transmission lines in a second portion of the launch transducer, wherein the at least one antenna
element is configured to radiate millimeter wave frequency signals;

a support block (31) including a printed circuit board (11, 21), the support block criented along a plane;
acommunication device (12, 22) coupled to the printed circuit board, wherein the launch transducer is positioned
adjacent to and coupled to the communication device;

a circular interface plate (32) coupled to an end of the support block and oriented perpendicular to the plane,
the interface plate having a rectangular slot (32A), wherein the interface plate is positioned flush against a
standard waveguide flange (33) such that the narrow dimension of the rectangular slot within the interface plate
is orthogonal to an H-field dimension of the standard waveguide flange; and

a waveguide component (33) coupled to the interface plate, the waveguide component having a waveguide
opening (33B), wherein the first portion of the launch transducer is positioned within the rectangular slot such
that the Hectangular slot provides a waveguide segment having dimensions configured to provide a cutoff fre-
guency above the operating range of the standard waveguide interface to prevent energy from the transmission
line from being emitted toward the printed circuit board or the waveguide opening and to allow energy to pass
from the at least one antenna element onto the waveguide opening.

2. The interface of claim 1, wherein the printed circuit board (11, 21), contains a semiconductor chip configured to
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transmit and/or receive of millimeter wave signals.

The interface of claim 1 or 2, wherein the launch transducer (16, 26) further comprises a low-loss dielectric material
such as quartz or alumina with deposited metallization such as gold, forming a transmission line and a radiating
antenna element.

Theinterface of any of claims 1 to 3, whereinthe interface plate (32) is positioned flush against a standard waveguide
flange such that the narrow dimension of the slot within the interface plate is orthogonal to a H-field dimension of
the standard waveguide flange.

The interface of any of claims 1 to 4, wherein the second portion of the launch transducer (16, 26) is positioned
within the waveguide opening, or wherein the launch transducer (16, 26) is positioned midway between opposing
width edges of the support block, or wherein the launch substrate transducer (16, 26) is configured to provide

maximum energy radiation in the direction of the waveguide axis.

The interface of any of claims 1 to 5, wherein the communication device (12, 22) is positioned within a recess in the
printed circuit board such that the first portion of the launch transducer is at a predetermined height within the
rectangular slot.

A method of forming a precision waveguide interface comprising:

providing a launch transducer (16, 26) comprising one or more transmission lines (261, 262, 265, 266) in a first
portion of the launch transducer and at least one antenna element (267, 268, 168, 169, 171, 172) coupled to
the one or more transmission lines in a second portion of the launch transducer, wherein the at least one antenna
element is configured to radiate millimeter wave frequency signals;

providing a support block (31) including a printed circuit board (11, 21), the support block oriented along a plane;
coupling a communication device (12, 22) to the printed circuit board, wherein the launch transducer is positioned
adjacent to and coupled to the communication device;

coupling a circular interface plate (12) to an end of the support block and oriented perpendicular to the plane,
the interface plate having a rectangular slot (32A), wherein the interface plate is positioned flush against a
standard waveguide flange (33) such that the narrow dimension of the rectangular slot within the interface plate
is orthogonal to an H-field dimension of the standard waveguide flange; and

coupling a waveguide component (33) to the interface plate, the waveguide component having a waveguide
opening (33B), wherein the first po?tion of the launch transducer is positioned within the rectangular slot such
that the rectangular slot provides a waveguide segment having dimensions configured to provide a cutoff fre-
guency above the operating range of the standard waveguide interface to prevent energy from the transmission
line from being emitted toward the printed circuit board or the waveguide opening and to allow energy to pass
from the at least one antenna element onto the waveguide opening.

The method of claim 7, wherein the printed circuit board (11, 21) contains a semiconductor chip configured to transmit
and/or receive of millimeter wave signals.

The method of claim 7 or 8, wherein the launch transducer (16, 26) further comprises a low-loss dielectric material
such as quartz or alumina with deposited metallization such as gold, forming a transmission line and a radiating
antenna element.

The method any of claims 7 to 9, wherein the interface plate (32) is positioned flush against a standard waveguide
flange such that the narrow dimension of the slot within the interface plate is orthogonal to a H-field dimension of
the standard waveguide flange.

The method any of claims 7 to 10, wherein the printed circuit board (11, 21) and launch transducer (16, 26) sub-
assembly are positioned such that the launch transducer radiating elements located within the standard waveguide
area are adjacent to the waveguide segment.

The method any of claims 7 to 11, wherein the launch substrate transducer (16, 26) is configured to provide maximum
energy radiation in the direction of the waveguide axis or wherein the second portion of the launch transducer is
positioned within the waveguide opening or wherein the launch transducer is positioned midway between opposing
width edges of the support block.
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13. The method any of claims 7 to 12, wherein the communication device (12, 22) is positioned within a recess in the
printed circuit board such that the first portion of the transducer is at a predetermined height within the rectangular slot.

14. The method any of claim 7 to 13, wherein the printed circuit board (11, 21) and the launch transducer (16, 26) are
coplanar, wherein the launch transducer is at a predetermined height within the rectangular slot.

Patentanspriiche
1. Wellenleiterschnittstelle, aufweisend:

einen Startumsetzer (16,26) mit einer oder mehreren Ubertragungsleitungen (261,262,265,266) in einem ersten
Abschnitt des Startumsetzers, und zumindest einem Antennenelement (267,268,168,169,171,172), das mit der
einen oder den mehreren Ubertragungsleitungen in einem zweiten Abschnitt des Startumsetzers gekoppelt ist,
wobei das zumindest eine Antennenelement konfiguriert ist, um Millimeterwellenfrequenzsignale auszustrahlen;
einen Stltzblock (31) mit einer Leiterplatte (11,21), wobei der Stltzblock entlang einer Ebene orientiert ist;
eine Kommunikationsvorrichtung (12,22), die mit der Leiterplatte gekoppelt ist, wobei der Startumsetzer neben
der Kommunikationsvorrichtung angeordnet und mit dieser gekoppelt ist;

eine kreisférmige Schnittstellenplatte (32), die mit einem Ende des Stutzblocks gekoppelt und senkrecht zu der
Ebene orientiert ist, wobei die Schnittstellenplatte einen rechteckigen Schlitz (32A) aufweist, wobei die Schnitt-
stellenplatte derart biindig mit einem Standardwellenleiterflansch (33) angeordnet ist, dass die kleine Dimension
des rechteckigen Schlitzes innerhalb der Schnittstellenplatte orthogonal zu einer H-Feld-Dimension des Stan-
dard-Wellenleiterflansches ist; und

eine WellenleiterKomponente (33), die mit der Schnittstellenplatte gekoppelt ist, wobei die Wellenleiterkompo-
nente eine Wellenleiterdffnung (33B) aufweist, wobei der erste Abschnitt des Startumsetzers innerhalb des
rechteckigen Schlitzes derart angeordnet ist, dass der rechteckige Schlitz ein Wellenleitersegment mit Dimen-
sionen bereitstellt, die konfiguriert sind, um eine Cutoff-Frequenz iber dem Betriebsbereich der Standard-
Wellenleiterschnittstelle bereitzustellen, um zu verhindern, dass Energie von der Ubertragungsleitung zu der
Leiterplatte oder der Wellenleiterdffnung emittiert wird, und um zuzulassen, dass Energie von dem zumindest
einen Antennenelement auf die Wellenleiteréffnung bertragen wird.

2. Schnittstelle nach Anspruch 1, wobei die Leiterplatte (11,21) einen Halbleiterchip enthalt, der konfiguriert ist, um

Millimeterwellensignale zu Ubertragen und/oder zu empfangen.

3. Schnittstelle nach Anspruch 1 oder 2, wobei der Startumsetzer (16,26) ferner ein dielektrisches Material mitgeringen
Verlusten, wie etwa Quarz oder Aluminiumoxid, mit einer Auftragsmetallisation, wie etwa Gold, aufweist, wodurch
eine Ubertragungsleitung und ein Strahlungsantennenelement ausgebildet werden.

4. Schnittstelle nach einem der Anspriiche 1-3, wobei die Schnittstellenplatte (32) derart biindig mit einem Standard-

Wellenleiterflansch angeordnet ist, dass die kleine Dimension des Schlitzes innerhalb der Schnittstelleinplatte or-
thogonal zu einer H-Feld-Dimension des Standard-Wellenleiterflansches ist.

5. Schnittstelle nach einem der Anspriiche 1-4, wobei der zweite Abschnitt des Startumsetzers (16,26) innerhalb der

Wellenleiterdffnung angeordnet ist, oder wobei der Startumsetzer (16,26) in der Mitte zwischen gegenilberliegenden
Breitekanten des Stitzblocks angeordnet ist, oder wobei der Startsubstratumsetzer (16,26) konfiguriert ist, um eine
maximale Energiestrahlung in der Richtung der Wellenleiterachse bereitzustellen.

6. Schnittstelle nach einem der Anspriiche 1-5, wobei die Kommunikationsvorrichtung (12,22) innerhalb einer Vertie-
fung in der Leiterplatte derart angeordnet ist, dass sich der erste Abschnitt des Startumsetzers auf einer vorbe-
stimmten. Héhe innerhalb des rechteckigen Schlitzes befindet.

7. Verfahren zum Ausbilden einer prazisen Wellenleiterschnittstelle, aufweisend:

Bereitstellen eines Startumsetzers (16,26) mit einer oder mehreren Ubertragungsleitungen (261,262,265,266)
in einem ersten Abschnitt des Startumsetzers, und zumindest einem Antennenelement
(267,268,168,169,171,172), das mit der einen oder den mehreren Ubertragungsleitungen in einem zweiten
Abschnitt des Startumsetzers gekoppelt ist, wobei das zumindest eine Antennenelement konfiguriert ist, um
Millimeterwellenfrequenzsignale auszustrahlen;
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Bereitstellen eines Stitzblocks (31) mit einer Leiterplatte (11,21), waobei der Stltzblock entlang einer Ebene
orientiert ist;

Koppeln einer Kommunikationsvorrichtung (12,22) mit der Leiterplatte, wobei der Startumsetzer neben der
Kommunikationsvorrichtung angeordnet und mit dieser gekoppelt ist;

Koppeln einer kreisférmigen Schnittstellenplatte (12) mit einem Ende des Stitzblocks, die senkrecht zu der
Ebene orientiert ist, wobei die Schnittstellenplatte einen rechteckigen Schlitz (32A) aufweist, wobei die Schnitt-
stellenplatte derart biindig mit einem Standard-Wellenleiterflansch (33) angeordnet ist, dass die kleine Dimen-
sion des rechteckigen Schlitzes innerhalb der Schnittstellenplatte orthogonal zu einer H-Feld-Dimension des
Standard-Wellenleiterflansches ist; und

Koppeln einer Wellenleiterkomponente (33) mit der Schnittstellenplatte, wobei die Wellenleiterkomponente eine
Wellenleiterdffnung (33B) aufweist, wobei der erste Abschnitt des Startumsetzers innerhalb des rechteckigen
Schlitzes derart angeordnet ist, dass der rechteckige Schlitz ein Wellenleitersegment mit Dimensionen bereit-
stellt, die konfiguriert sind, um eine Cutoff-Frequenz tiber dem Betriebsbereich der Standard-Wellenleitetschnitt-
stelle bereitzustellen, um zu verhindern, dass Energie von der Ubertragungsleitung zu der Leiterplatte oder der
Wellenleiterdffnung emittiertwird, und um zuzulassen, dass Energie vondem zumindest einen Antennenelement
auf die Wellenleiter6ffnung Ubertragen wird.

Verfahren nach Anspruch 7, wobei die Leiterplatte (11,21) einen Halbleiterchip enthalt, der konfiguriert ist, um
Millimeterwellensignale zu Ubertragen und/oder zu empfangen.

Verfahren nach Anspruch 7 oder 8, wobei der Startumsetzer (16,26) ferner ein dielektrisches Material mit geringen
Verlusten, wie etwa Quarz oder Aluminiumoxid, mit einer Auftragsmetallisation, wie etwa Gold, aufweist, wodurch
eine Ubertragungsleitung und ein Strahlungsantennenelement ausgebildet werden.

Verfahren nach einem der Anspriiche 7-9, wobei die Schnittstellenplatte (32) derart blindig mit: einem Standard-
Wellenleiterflausch angeordnet ist, dass die kleine Dimension des Schlitzes innerhalb der Schnittstellenplatte or-
thogonal zu einer H-Feld-Dimension des Standard-Wellenleiterflansches ist.

Verfahren nach einem der Anspriiche 7-10, wobei die Leiterplatte (11,21) und eine Startumsetzer (16,26)-Untera-
nordnung derart angeordnet sind, dass die Startumsetzer strahlenden Elemente innerhalb des Standard-Wellen-
leitergebiets neben dem Wellenleitersegment angeordnet sind.

Verfahren nach einem der Anspriiche 7-11, wobei der Startsubstratumsetzer (16,26) konfiguriert ist, um eine ma-
ximale Energiestrahlung in der Richtung der Wellenleiterachse bereitzustellen, oder wobei der zweite Abschnitt des
Startumsetzersinnerhalb der Wellenleiteréffnung angeordnet ist, oder wobei der Startumsetzer in der Mitte zwischen
gegeniberliegenden Breitekanten des Stiitzblocks angeordnet ist.

Verfahren nach einem der Anspriiche 7-12, wobei die Kommunikationsvorriclitung (12,22) innerhalb einer Vertiefung
in der Leiterplatte derart angeordnet ist, dass sich der erste Abschnitt des Startumsetzers auf einer vorbestimmten
Hohe innerhalb des rechteckigen Schlitzes befindet.

Verfahren nach einem der Anspriiche 7-13, wobei die Leiterplatte (11,21) und der Startumsetzer (16,26) komplanar
sind, wobei sich der Startumsetzer auf einer vorbestimmten Hohe innerhalb des rechteckigen Schlitzes befindet.

Revendications

1.

Interface de guide d’onde comprenant :

un transducteur d’amorce (16, 26) comprenant une ou plusieurs lignes de transmission (261, 262, 265, 266)
dans une premiére portion du transducteur d’amorce et au moins un élément d’antenne (267, 268, 168, 169,
171, 172) couplé aux une ou plusieurs lignes de transmission dans une deuxiéme portion du transducteur
d’amorce, dans laquelle I'au moins un élément d’antenne est configuré pour rayonner des signaux de fréquence
d'ondes millimétriques ;

un bloc de support (31) comportant une carte de circuit imprimé (11, 21), le bloc de support étant orienté le
long d’'un plan;

un dispositif de communication (12, 22) couplé a la carte de circuit imprimé, dans laquelle le transducteur
d’amorce est positionné adjacent et couplé au dispositif de communication ;
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une plaque d’interface circulaire (32) couplée a une extrémité du bloc de support et orientée perpendiculaire
au plan, la plaque d’'interface ayant une fente rectangulaire (32A), dans laquelle la plaque d’interface est posi-
tionnée au droit contre une bride de guide d'onde type (33) de sorte que la dimension étroite de la fente
rectangulaire au sein de la plaque d’interface soit orthogonale a une dimension de champ H de la bride de
guide d’onde type ; et

une composante de guide d’onde (33) couplée a la plaque d’interface, la composante de guide d’onde ayant
une ouverture de guide d’'onde (33B), dans laguelle la premiere portion du transducteur d’amorce est positionnée
au sein de la fente rectangulaire de sorte que la fente rectangulaire fournisse un segment de guide d’onde
ayant des dimensions configurées pour fournir une fréquence de coupure supérieure a la plage de fonctionne-
ment de l'interface de guide d'onde type pour empécher une énergie provenant de la ligne de transmission
d’'étre émise vers la carte de circuit imprimé ou 'ouverture de guide d’onde et pour permettre a une énergie de
passer depuis I'au moins un élément d’antenne sur 'ouverture de guide d'onde.

Interface selon la revendication 1, dans laquelle la carte de circuit imprimé (11, 21) contient une puce a semi-
conducteur configurée pour transmettre et/ou recevoir des signaux d’ondes millimétriques.

Interface selon la revendication 1 ou 2, dans laquelle le transducteur d’amorce (16, 26) comprend en outre un
matériau diélectrique a faible perte tel que le quartz ou I'alumine avec une métallisation déposée telle que lor,
formant une ligne de transmission et un élément d’antenne rayonnant.

Interface selon I'une quelconque des revendications 1 a 3, dans laquelle la plague d’interface (32) est positionnée
au droit contre une bride de guide d'onde type de sorte que la dimension étroite de la fente au sein de la plague
d'interface soit orthogonale a une dimension de champ H de la bride de guide d’onde type.

Interface selon I'une quelconque des revendications 1 a 4, dans laquelle la deuxieme portion du transducteur
d’amorce (16, 26) est positionnée au sein de I'ouverture de guide d’onde, ou dans laquelle le transducteur d’amorce
(16, 26) est positionné a mi-chemin entre des bords de largeur opposée du bloc de support, ou dans laquelle le
transducteur de substrat d’amorce (16, 26) est configuré pour fournir un rayonnement d’énergie maximal dans la
direction de I'axe de guide d’onde.

Interface selon 'une quelconque des revendications 1 a 5, dans laquelle le dispositif de communication (12,22) est
positionné au sein d’un évidement dans la carte de circuit imprimé de sorte que la premiére portion du transducteur
d’amorce soit & une hauteur prédéterminée au sein de la fente rectangulaire.

Procédé de formation d'une interface de guide d’onde de précision comprenant :

la fourniture d’un transducteur d’amorce (16, 26) comprenant une ou plusieurs lignes de transmission (261,
262, 265, 266) dans une premiére portion du transducteur d’amorce et au moins un élément d’antenne (267,
268, 168, 169, 171, 172) couplé aux une ou plusieurs lignes de transmission dans une deuxiéme portion du
transducteur d’amorce, dans lequel 'au moins un élément d’antenne est configuré pour rayonner des signaux
de fréquence d’ondes millimétriques ;

la fourniture d’un bloc de support (31) comportant une carte de circuit imprimé (11, 21), le bloc de support étant
orienté le long d’'un plan ;

le couplage d’un dispositif de communication (12, 22) a la carte de circuit imprimé, dans lequel le transducteur
d’amorce est positionné adjacent et couplé au dispositif de communication ;

le couplage d’une plaque d’interface circulaire (32) a une extrémité du bloc de support et orientée perpendiculaire
au plan, la plague d’interface ayant une fente rectangulaire (32A), dans lequel la plaque d’'interface est posi-
tionnée au droit contre une bride de guide d'onde type (33) de sorte que la dimension étroite de la fente
rectangulaire au sein de la plaque d’interface soit orthogonale a une dimension de champ H de la bride de
guide d’onde type ; et

le couplage d'une composante de guide d'onde (33) a la plaque d’interface, la composante de guide d’onde
ayant une ouverture de guide d’'onde (33B), dans lequel la premiére portion du transducteur d’amorce est
positionnée au sein de la fente rectangulaire de sorte que la fente rectangulaire fournisse un segment de guide
d'onde ayant des dimensions configurées pour fournir une fréquence de coupure supérieure a la plage de
fonctionnement de l'interface de guide d’onde type pour empécher une énergie provenant de la ligne de trans-
mission d’étre émise vers la carte de circuit imprimé ou 'ouverture de guide d’onde et pour permettre a une
énergie de passer depuis 'au moins un élément d’antenne sur l'ouverture de guide d’onde.
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Procédé selon larevendication 7, dans lequel la carte de circuitimprimé (11, 21) contient une puce a semi-conducteur
configurée pour transmettre et/ou recevoir des signaux d’ondes millimétriques.

Procédé selon larevendication 7 ou 8, dans lequel le transducteur d’amorce (16, 26) comprend en outre un matériau
dielectrique a faible perte tel que le quartz ou I'alumine avec une métallisation déposée telle que l'or, formant une
ligne de transmission et un élément d’antenne rayonnant,

Procédé selon 'une quelconque des revendications 7 a 9, dans lequel la plaque d’interface (32) est positionnée au
droit contre une bride de guide d’onde type de sorte que la dimension étroite de la fente au sein de la plaque
d’interface soit orthogonale a une dimension de champ H de la bride de guide d’onde type.

Procédé selon 'une quelconque des revendications 7 a 10, dans lequel le sous-ensemble carte de circuit imprimé
(11, 21) et transducteur d’amorce (16, 26) est positionné de sorte que les éléments rayonnants de transducteur
d’amorce situés au sein de la zone de guide d’onde type sont adjacents au segment de guide d’onde.

Procédé selon 'une quelconque des revendications 7 a 11, dans lequel le transducteur de substrat d’amorce (16,
26) est configuré pour fournir un rayonnement d’énergie maximal dans la direction de I'axe de guide d’onde ou dans
lequel la deuxiéme portion du transducteur d’'amorce est positionnée au sein de 'ouverture de guide d’onde ou dans
lequel le transducteur d'amorce est positionné a mi-chemin entre des bords de largeur opposée du bloc de support.

Procédé selon I'une quelconque des revendications 7 a 12, dans lequel le dispositif de communication (12, 22) est
positionné au sein d’un évidement dans la carte de circuit imprimé de sorte que la premiére portion du transducteur
soit a une hauteur prédéterminée au sein de la fente rectangulaire.

Procédé selon 'une guelconque des revendications 7 a 13, dans lequel la carte de circuit imprimé (11, 21) et le

transducteur d’amorce (16, 26) sont coplanaires, dans lequel le transducteur d’amorce est a une hauteur prédéter-
minée au sein de la fente rectangulaire.
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