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AUTOMOTIVE RADAR SUB-SYSTEM
PACKAGING FOR ROBUSTNESS

BACKGROUND

[0001] 1.Field

[0002] The invention relates to sub-systems of automotive
radar and methods of manufacturing the same. More particu-
larly, the invention relates to a radar sub-system module
which houses a Radio Frequency Integrated Circuit (RFIC)
and a waveguide signal transition through which the RFIC
may communicate with an antenna array.

[0003] 2. Description of the Related Art

[0004] Automotive radar systems are currently being pro-
vided in many automobiles. Over the past few years, automo-
tive radar systems have been used with intelligent cruise
control systems to sense and adjust the automobile’s speed
depending on traffic conditions. Today, automotive radar sys-
tems are being used with active safety systems to monitor the
surroundings of an automobile for collision avoidance. Cur-
rent automotive radar systems are divided into long range (for
adaptive cruise control and collision warning) and short range
(for pre-crash, collision mitigation, parking aid, blind spot
detection, etc.). Current systems utilize a radio frequency
integrated circuit (RFIC) device in order to process instruc-
tions and process communications to and from antenna
arrays. A radar unit containing antenna arrays and an RFIC
device may be considered a radar sub-system.

[0005] RFIC devices are very sensitive to, for example,
dust, dirt, and other environmental exposure. Thus, it is desir-
able to be able to manufacture the RFIC device in a clean
environment, such as a clean room, and to house the RFIC
device in a sealed environment so that environmental factors
(such as dust, dirt, etc.) do not degrade the quality of the RFIC
device. This sensitivity creates a need for a sealed environ-
ment in which the RFIC device is to be positioned. However,
manufacturing an entire radar system in a clean room may be
cost prohibitive.

[0006] RFIC devices in current vehicular radar systems
must be able to pass signals to the antennas. The RFIC device
must also be able to communicate with support electronics,
such as diodes, capacitors, control integrated circuits, etc. So,
in addition to protecting the RFIC device, sub-system pack-
aging must also allow communications between the RFIC
device and the antenna circuits and the chip support elements.
However, with the RFIC device being positioned in a sealed
environment, many problems may arise. For example, com-
munications with both circuits may be difficult (e.g., signal
loss may be large, placement of through vias may be difficult,
etc.); performance of the RFIC device is reduced; it may not
be possible to manufacture and assemble the RFIC device to
the sub-system in a clean environment; if the RFIC device is
manufactured in a clean room, the entire module may be
required to be manufactured in a clean room (increased cost);
and any combination of the above problems.

[0007] Therefore, a need exists in the art for radar sub-
system packaging which allows the RFIC device to be sealed
from environmental elements, increases the performance of
the RFIC device, allows the RFIC device to effectively com-
municate with support circuitry as well as antenna circuitry,
and allows for less than the entire radar system to be manu-
factured in a clean room.
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SUMMARY
[0008] A method for packaging a vehicular radar unit
includes providing a first printed circuit board with a metal
trace and a square metal section. An integrated circuit for
processing transmitted and received signals is positioned on
the first printed circuit board. A metal housing is also pro-
vided which has a first side and a second side which is oppo-
site the first side. A second printed circuit board is provided
which has a plurality of antenna elements and at least one
transmission line. The first printed circuit board is bonded to
the first side of the metal housing, and the second printed
circuit board is bonded to the second side of the metal hous-
ing. A waveguide chamber is provided and is located between
the first printed circuit board and the second printed circuit
board. A signal is allowed to propagate from the integrated
circuit to the metal trace to the square metal section to the
waveguide chamber to the at least one transmission line to the
plurality of antenna elements.
[0009] In another embodiment, a vehicular radar unit is
disclosed. The vehicular radar unit includes a first printed
circuit board having an integrated circuit configured to pro-
cess transmitted and received signals, a metal trace, and a
square metal section. The vehicular radar unit further
includes a metal housing with a waveguide chamber formed
within it, the waveguide chamber being located between a
first side of the metal housing and a second side of the metal
housing opposite the first side. The first side of the metal
housing is bonded to the first printed circuit board. The
vehicular radar unit also includes a second printed circuit
board bonded to the second side of the metal housing and at
least one transmission line and a plurality of antenna ele-
ments. In the vehicular radar unit, a signal may propagate
from the integrated circuit to the metal trace to the square
metal section to the waveguide chamber to the transmission
line to the plurality of antenna elements.
[0010] In another embodiment, a vehicular radar unit is
disclosed. The vehicular radar unit includes a first printed
circuit board having an integrated circuit configured to pro-
cess transmitted and received signals. The first printed circuit
board also includes a metal trace electrically connected to the
integrated circuit and a square metal section electrically con-
nected to the metal trace. The vehicular radar unit also
includes a second printed circuit board having at least two
transmission lines and a plurality of antenna elements. Each
of' the plurality of antenna elements is electrically connected
to at least one of the transmission lines. The vehicular radar
unitalso includes a metal housing with a waveguide chamber,
a chip cavity, a first side bonded to the first printed circuit
board and a second side opposite to the first side and bonded
to the second printed circuit board. The square metal section
on the first printed circuit board is positioned within the
waveguide chamber. At least a part of the at least two trans-
mission lines is also positioned within the waveguide cham-
ber. The integrated circuit is positioned within the chip cavity
such that the integrated circuit is encapsulated between the
first printed circuit board and the metal housing. A signal may
propagate from the integrated circuit to the metal trace to the
square metal section to the waveguide chamber to the trans-
mission line to the plurality of antenna elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The features, objects, and advantages of the inven-
tion will become more apparent from the detailed description
set forth below when taken in conjunction with the drawings,
wherein:
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[0012] FIG. 1illustrates a cross-sectional view of a printed
circuit board utilized to support a transmit/receive module in
a vehicular radar sub-system according to an embodiment of
the invention;

[0013] FIG. 2 illustrates a cross-section of an assembled
sub-system of the vehicular radar system according to an
embodiment of the invention;

[0014] FIG. 3 illustrates a perspective view of the complete
sub-system according to an embodiment of the invention;
[0015] FIG. 4 illustrates a dissected view of the sub-system
according to an embodiment of the invention;

[0016] FIG. 5 illustrates a top-down view of the location
near the waveguide transition on the chip PCB and on the
antenna PCB according to an embodiment of the invention;
[0017] FIG. 6 illustrates an antenna attachment for trans-
mitting and receiving a radar signal according to an embodi-
ment of the invention;

[0018] FIG. 7A illustrates a metal housing of the sub-sys-
tem according to an embodiment of the invention;

[0019] FIG. 7B illustrates an antenna PCB attached to the
metal housing ofthe sub-system according to an embodiment
of the invention; and

[0020] FIG. 8 illustrates an exemplary method for manu-
facturing the automotive radar sub-system for robustness
according to an embodiment of the invention.

DETAILED DESCRIPTION

[0021] Apparatus, systems and methods that implement the
embodiments of the various features of the invention will now
be described with reference to the drawings. The drawings
and the associated descriptions are provided to illustrate some
embodiments of the invention and not to limit the scope of the
invention. Throughout the drawings, reference numbers are
re-used to indicate correspondence between referenced ele-
ments. For purposes of this disclosure, when mentioned, a
connection may be a wired connection, a wireless connection,
or a mix of wired and wireless connections. A connection also
provides for communications propagating both ways along
the connection. For example, a connection with a processor
provides for the processor to receive communications and to
transmit communications over the connection.

[0022] The methods, systems and devices disclosed within
provide several key advantages over the state of the art. For
example, a vehicular radar sub-system disclosed within can
be manufactured such that the disclosed sub-system is manu-
factured in a clean room and completely encapsulates an
on-board radio frequency integrated circuit (RFIC). This
results in the on-board RFIC being protected from environ-
mental factors. This also allows for an entire radar system
including multiple sub-systems to be assembled outside of a
clean room resulting in a lower-cost manufacturing process.
Also, the sub-system, which includes the RFIC and the
printed circuit board upon which the RFIC is mounted, can be
bonded to the metal housing in a clean room and the antennas
can later be attached in a non-clean room environment.
[0023] Another benefit of the methods, systems and devices
disclosed within is that the disclosed waveguide transition
allows the antennas (or antenna elements) to communicate
effectively with the RFIC without the difficulty of placing
through vias and without the loss resulting from the use of
through vias. This results in a simpler physical design of the
sub-system as well as lower signal loss between the RFIC and
the antennas.
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[0024] These benefits are achieved using a combination of
features. For example, the particular design of the waveguide
transition allows for a very low signal loss and also provides
signal filtering so that unwanted signals are removed from the
transmitted signal. A metal section is located on the chip
printed circuit board which transmits the signal through the
waveguide towards the antennas. The metal section has close
to or a square shape, which provides better signal transmis-
sion and reception through the waveguide transition. The
antennas are connected to antenna signal lines and two signal
lines are positioned within one waveguide chamber in a par-
ticular shape and opposite the metal section. The placement
and shape of the metal section and the antenna signal lines
provide the advantage of a lower signal loss through the
waveguide chamber. Additionally, the design of the metal
housing is important as it allows the RFIC to be sealed
between the chip printed circuit board and the metal housing.
This provides the advantage of protecting the RFIC. Another
key feature is the method of manufacture. By placing the
RFIC between the chip printed circuit board and the metal
housing and bonding them together, the RFIC is sealed and
protected from environmental factors so that the rest of aradar
system can be manufactured at a lower cost.

[0025] FIG. 1 is a cross-sectional view of a printed circuit
board (chip PCB) 100 utilized to support a transmit/receive
module (T/R module) 102 in a vehicular radar sub-system.
The T/R module 102 may be configured to transmit a signal
for sensing surroundings through at least one antenna element
600 (FIG. 6). The T/R module 102 may also be configured to
receive the transmitted signal through at least one antenna
element 600 when the transmitted signal is reflected from the
surroundings. In some embodiments, the T/R module 102 is
configured to transmit signals to and receive signals from at
least one antenna element 600. Furthermore, the T/R module
102 may be one single device or multiple devices. For
example, the T/R module 102 may be a monolithic micro-
wave integrated circuit (MMIC) or a Silicon-Germanium
(SiGe) BiCMOS chip that may include one or more of the
following: a T/R switch, a low noise amplifier (LNA), a
variable gain amplifier (VGA), a power amplifier (PA), a
phase shifter, a mixer, an intermediate frequency (IF) ampli-
fier, and an analog-to-digital (A/D) converter. For example, it
may generate and receive signals of any frequency between
76 GHz and 81 GHz, which basically covers the full automo-
tive radar bandwidth available. The T/R module 102 may be
in any type of packaging, for example, a wire-bond, flip-chip,
or system on a chip (SOC) package.

[0026] Insome embodiments, the T/R module 102 may be
configured to generate and receive signals of any frequency,
such as, for example, frequencies near the 24 GHz band,
which is utilized as another automotive radar bandwidth.

[0027] The chip PCB 100 may be etched with a design
which is appropriate for a phase array radar system. The chip
PCB 100 may also have etched onto it a metal trace 300 (FIG.
3) connected to a metal section 302 (FIG. 3), which will be
discussed herein. The chip PCB 100 may have more than one
layer, and the layers may each be made of a different material.
For example, a first layer 104 may be made of a high perfor-
mance PCB construction material, such as a high perfor-
mance radio frequency substrate. The T/R module 102 may
be formed on or connected to the first layer 104. Other layers
106 may be made of any substrate available to construct a
PCB, such as low cost FR4. The chip PCB 100 may, for
example, have 3 other layers 106, or any other quantity of
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other layers 106, and it may have more than one layer of high
performance PCB construction material as well. The first
layer 104 may be of a higher quality because it may be
required to operate at relatively high frequencies, which
requires more precision than required by the function of the
other layers.

[0028] The chip PCB 100 may also have assembled on it
and/or connected to it a plurality of chips and/or components
108. The plurality of chips and/or components 108 may
include one or more of the following: the T/R module 102, a
digital signal processor (DSP), a digital clock, a temperature
controller, a memory, a microprocessor, dynamic link librar-
ies, a DC port, a data port, a voltage controlled oscillator, a
PLL, a capacitor, a diode, a resistor, a connector, or any other
component or chip. The plurality of chips and/or components
160 may be connected to one another, and to the T/R module
102, via wireless links or via connectors, such as micro-strip
line, wire bonding, traces, wires, etc. on the chip PCB 100,
either directly or through vias, and communications may
propagate in either direction along the connections. The input
and output signals to/from the T/R module 102 may be digi-
tal, DC, IF, RF or any other type of signals.

[0029] FIG. 2 illustrates a cross section of an assembled
sub-system 200 of the vehicular radar system. One skilled in
the art will realize that this vehicular radar system may be
utilized in any type of vehicle, such as a car, truck, motor-
cycle, bicycle, watercraft, aircraft, etc.

[0030] The sub-system 200 may be a standalone vehicular
radar system. It may also be one of many sub-systems of a
vehicular radar system. For example, the sub-system 200 may
transmit and receive radiofrequency signals from the antenna
element 600 in a vehicular radar system, or the sub-system
200 may only transmit or receive these signals. In some
embodiments, this sub-system 200 may be designed to oper-
ate only at certain frequencies, such as between 76 GHz and
81 GHz. In some embodiments, the vehicular radar system
may include the sub-system 200, as well as sub-systems to
operate at a lower frequency, such as near 24 GHz. In some
embodiments, the vehicular radar system may include at least
one sub-system 200, which may be designed to transmit
and/or receive signals around the 76 GHz to 81 GHz band,
and at least one other sub-system 200 designed to operate at a
frequency near 24 GHz, which may transmit and/or receive
signals around the 24 GHz band.

[0031] The sub-system 200 may include the chip PCB 100
and the plurality of chips and/or components 108, a metal
housing 202 bonded onto the chip PCB 100 by a bonding
material 212, an antenna PCB 204 which is also bonded to the
metal housing 202 by a bonding material 210, at least one
waveguide transition 206 within the metal housing 202, and at
least one chip cavity 208 within the metal housing 202. The
T/R module 102 may be positioned within the at least one
chip cavity 208. The bonding materials 210 and 212 may be
any material with which to bond the metal housing 202 to the
PCB’s 100 and 204, but it is preferred that the bonding mate-
rials 210 and 212 be conductive. Conductive bond material
may allow the metal housing 202 to be bonded to ground
planes on the PCBs 100 and 204, and become electrically
connected to a common ground signal.

[0032] The antenna PCB 204 (along with the chip PCB
100) may be formed from any PCB construction material,
such as a liquid crystal polymer (LCP), a low temperature
cofired ceramic (LTCC), a Parylene N dielectric, a polytet-
rafluoroethylene (PTFE) ceramic, a PTFE glass fiber mate-
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rial, or any high performance substrate. The antenna PCB 204
may have at least one antenna element 600 (e.g., a portion of
an antenna or an antenna) formed within it or connected to it,
and may have a signal line 304 (FIG. 3) formed within it or
connected to it. For example, the antenna element 600 may be
etched onto the antenna PCB 204 or may be electrically
connected through a wire, microstrip, or any other connec-
tion. The antenna PCB 204 may include and/or be connected
to at least one of a transmission antenna and a reception
antenna. The transmission antenna may transmit a signal
(which may be received from or by the T/R module 102) for
sensing surroundings. The transmitted signal may reflect off
of surrounding objects, and be received by the reception
antenna.

[0033] The metal housing 202 may be created with any
conductive metal. For example, it may be created with alu-
minum so that it may be more lightweight and thin while
retaining conductivity. The metal housing 202 may be created
with at least one waveguide transition 206 formed within it.
The purpose of the waveguide transition 206 is to act as a
transition of a signal between the chip PCB 100 and the
antenna PCB 204.

[0034] The metal housing 202 may also have a chip cavity
208 formed within it, such that the T/R module 102 may be
positioned within the chip cavity 208. As the chip PCB 100 is
bonded to one side of the metal housing 202 by the bonding
material 212 and the antenna PCB 204 is bonded to the other
side of the metal housing 202 by bonding material 210, a
method of communication between the chip PCB 100 and the
antenna PCB 204 is desirable. The waveguide transition 206
facilitates this communication between the chip PCB 100 and
the antenna PCB 204. This waveguide transition 206 may
block signals below 62 GHz, which allows ease of compli-
ance with common frequency regulations. Additionally, the
waveguide transition 206 may greatly reduce the strength of
signals lower than around 76 GHz and higher than around 81
GHz. In other words, the waveguide transition 206 may filter
signals such that only signals of a desired bandwidth range are
passed through the waveguide transition 206. In other
embodiments, the waveguide transition 206 may be config-
ured to greatly reduce the signal strength of signals away from
the 24 GHz band.

[0035] If the radar sub-system 200 were to utilize a high
frequency via in order to allow a signal to transfer in either or
both directions to/from the chip PCB 100 and to/from the
antenna PCB 204 instead of a waveguide transition 206, the
signal would degrade in quality. The repeatability of via con-
struction is not sufficient for high frequency low cost appli-
cations. The rough surface within the via causes loss in the
signal strength. When dealing with weak signals, such as
reflected radar signals, any significant loss in signal strength
can result in signal strength below a threshold value such that
reception may be difficult or impossible.

[0036] The waveguide transition 206, on the other hand,
results in a very small signal strength loss, that is, less than
near 1 dB per output branch for signals between the near 76
GHz to near 81 GHz bands. An output branch may be, for
example, a signal line 304 (FIG. 3). This is due to the char-
acteristics of the waveguide transitions 206 as well as the
design of this specific waveguide transition 206. Thus, this
waveguide transition 206 is preferable over utilizing signal
vias or other differently shaped waveguide transitions 206
used to communicate between the chip PCB 100 and the
antenna PCB 204.
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[0037] The specific design and shape of the waveguide
transition 206 referred to herein is of an optimal design and
shape. If the waveguide transition 206 was formed in another
design or shape, then the loss may be greater that disclosed
herein, resulting in the separation of the two PCB’s becoming
difficult to design as signal loss would be significant.

[0038] FIG. 3 illustrates a perspective view of the complete
sub-system 200. At the bottom of the sub-system 200, the chip
PCB 100 may be bonded to the metal housing 202. Positioned
on the chip PCB 100 is a metal trace 300, which may propa-
gate input and output signals between the T/R module 102
and a metal section 302. The metal trace 300 may be any trace
on the chip PCB 100, a micro-strip line or wire bonding. For
example, the metal trace 300 may be made of copper, alumi-
num or any other conductive metal. One end of the metal trace
300 may be connected to the metal section 302, which is
positioned on the chip PCB 100. The metal section 302 is at
least partially positioned within the waveguide transition 206
when the metal housing 202 is bonded to the chip PCB 100.
[0039] The metal section 302 may be made of copper, alu-
minum or any other conductive metal. In one embodiment,
the metal section 302 is made of copper. The metal section
302 is close to or a square shape. The square shape of the
metal section 302 provides higher powered transmission and
reception signals. The metal section may couple a signal
between the metal trace 300 and the waveguide transition
206. On the antenna side of the sub-system 200 (top of FIG.
3), the antenna PCB 204 may be bonded to the metal housing
202 by any bonding material, but preferably by a conductive
bonding material. The signal line 304 may be positioned on
the antenna PCB 204 in such a location as to be at least
partially positioned within the waveguide transition 206
when the metal housing 202 is bonded to the antenna PCB
204. The signal line 304 may be connected to elements on the
antenna PCB 204, such as one or more antenna elements 600
or any antenna support components or chips.

[0040] In one embodiment, two signal lines 304 are posi-
tioned such that part of each signal line 304 is located within
the waveguide transition 206. As illustrated in FIG. 3, the
signal lines 304 may be positioned such that the signal lines
304 are parallel to each other and enter the waveguide tran-
sition 206 from a first side and a second side, where the first
and second sides are opposite. Furthermore, one signal line
304 may be positioned closer to a third side of the waveguide
transition 206. The other signal line 304 may be positioned
closer to a fourth side of the waveguide transition 206. Hence,
the third and fourth sides are opposite one another, and all
four sides of the waveguide transition are on a plane which is
perpendicular or nearly perpendicular to the plane of the
antenna PCB 204. This results in the signal lines 304 being on
the same or nearly the same plane as the antenna PCB 204,
entering from opposite directions and reaching slightly less
than halfway into the waveguide transition 206. If the lines of
the signal lines 304 extended indefinitely, each signal line 304
would be too close to opposite sides of the waveguide transi-
tion 206 (or distanced from each other in a direction perpen-
dicular to the signal lines 304 on the same or similar plane as
the antenna PCB 204) such that they would not meet or cross
one another.

[0041] The signal line 304 may be a trace on the antenna
PCB 204, a micro-strip line or wire bonding. For example, the
signal line 304 may be made of copper, aluminum or any
other conductive metal. The signal line 304 receives the signal
from the T/R module 102, via the metal trace 300, the metal
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section 302 and the waveguide transition 206, and/or trans-
mits the signal to the T/R module 102, via the metal section
302, the metal trace 300 and the waveguide transition 206.
Thus, between the T/R module 102 and elements on the
antenna PCB 204 (such as the antenna element 600), a metal
to waveguide to metal connection is formed. This connection,
for example, may be a microstrip to waveguide to microstrip
transition.

[0042] FIG. 4 illustrates a dissected view of the sub-system
200. As illustrated, the chip PCB 100 is located at the bottom
of the metal housing 202. The chip PCB 100 includes the
metal trace 300 and the metal section 302. The chip cavity 208
is located within the metal housing 202, which allows room
for the metal housing 202 to sit on the chip PCB 100 and
enclose the T/R module 102 without the metal housing 202
causing damage to the chip PCB 100 or the T/R module 102.
This also results in protection of the T/R module 102 from
environmental factors, as the chip cavity 208 is a sealed
environment between the chip PCB 100 and the metal hous-
ing 202 after bonding. The metal housing 202 also contains a
waveguide transition 206, which allows a signal to propagate
between the metal section 302 and the signal line 304. As
illustrated, the antenna PCB 204 is bonded to the opposite
side of the metal housing 202 than the chip PCB 100 is
bonded to.

[0043] A signal may be generated by the T/R module 102.
After leaving the T/R module 102, the signal may propagate
along conductive circuitry within the chip PCB 100, may
propagate along a wireless path, or any combination of the
two. Along this path, the signal may be processed by any of
the chips and/or components 108 (not shown) until it reaches
the metal trace 300. The signal may then propagate along the
metal trace 300 until it reaches the metal section 302. The
metal section 302 effectively couples the signal from the
metal trace 300 to the waveguide transition 206. Once in the
waveguide transition 206, the signal propagates through the
waveguide transition 206 where it is coupled to the antenna
PCB 204 by the signal line 304. After the signal reaches the
antenna PCB 204, it may then be propagated to one or more
antenna elements 600 (not shown) and then away from the
sub-system 200 by the antenna elements 600, such that it may
reflect off of nearby objects. Once the signal is reflected, the
antenna elements 600, or any other antenna, may receive the
signal, and transmit it back through the antenna PCB 204.
After propagating through a portion of the antenna PCB 204,
the signal line 304 may propagate the signal back through the
waveguide transition 206, where the metal section 302 may
receive it and transfer it, via the metal trace 300, to the chip
PCB 100, where the signal may be processed by any of the
chips and/or components 108 and finally propagated back to
the T/R module 102.

[0044] FIG. 5 illustrates a top-down view of the location
near the waveguide transition 206 on the chip PCB 100 and on
the antenna PCB 204. On the left side of FIG. 5, the chip PCB
100 side of the waveguide transition 206 is illustrated, and on
the right side of FIG. 5, the antenna PCB 204 side of the
waveguide transition 206 is illustrated. On the chip PCB 100
side, the metal trace 300, which is connected to the chip PCB
100, leads to the metal section 302, which is located within
the waveguide transition 206. As shown, the metal section
302 may not entirely fill the surface area of the waveguide
transition 206, and may be a square shape, as illustrated in
FIG. 5 on the left hand side. Additionally, FIG. 5 illustrates
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ground vias 499 within the chip PCB 100, which may be
utilized to connect the ground planes of the chip PCB 100 to
the metal housing 202.

[0045] From the chip PCB 100 side, the signal may depart
the metal section 302 and propagate through the waveguide
transition 206 and be coupled to the antenna PCB 204 by
utilizing a complex shape. This shape is displayed in FIG. 5
on the right hand side, and includes the position of the signal
lines 304 within the waveguide transition 206. Ground vias
500 are utilized within the antenna PCB 204, and may assist
the coupling of the signal to the antenna PCB 204 from the
waveguide transition 206. These ground vias 500 may also be
utilized to connect the ground planes of the antenna PCB 204
to the metal housing 202. Thus, the waveguide transition 206
may be utilized to allow the signal to propagate between the
chip PCB 100 and the antenna PCB 204. By utilizing the
metal housing 202, the sub-system 200 packaging may be
more robust and rigid. Furthermore, the waveguide transition
206 discussed within may optimize performance of signal
propagation by filtering low frequency signals, such as, under
62 GHz and allowing signals to pass with a high signal
strength, for example, between 76 GHz and 81 GHz.

[0046] The ground vias 499 and 500 are designed such that
the chip PCB 100 and the antenna PCB 204 may be clectri-
cally connected to the metal housing 202, which provides a
ground voltage for the sub-system 200. These ground vias
499 and 500 result in the metal housing 202 being electrically
connected to a ground plane within each of the chip PCB 100
and the antenna PCB 204.

[0047] Theheat from the T/R module 102 may be transmit-
ted away from the T/R module 102 by the ground vias 499 and
500 to the ground planes in the chip PCB 100 and the antenna
PCB 204. From the ground planes, the heat may dissipate
throughout the chip PCB 100 and the antenna PCB 204.
Furthermore, these ground planes may be connected to the
metal housing 202 by both the ground vias 499 and 500 as
well as in other locations of the metal housing 202. From the
ground planes, the heat may also propagate to the metal
housing 202 where it is further dissipated.

[0048] FIG. 6 illustrates one embodiment of an antenna
array for transmitting and receiving signals. For example, the
antenna array in FIG. 6 may represent the antenna element
600 in FIG. 3. The waveguide transition 206 location on the
antenna PCB 204 is illustrated, as well as the ground vias 500.
Also illustrated is the signal line 304. A plurality of antenna
elements 600 are connected to the signal line 304. While more
than one antenna element 600 is shown, the number of
antenna elements 600 may range from 1 to an almost infinite
number of antenna elements 600. It is also important to note
that while one embodiment of the antenna attachment is illus-
trated, many other embodiments of antenna arrays may be
utilized with this sub-system. For example, antenna elements
600 may be attached to each other and the signal line 304 in
series, in parallel or in a combination of series and parallel.
There may be antenna elements 600 for one range of frequen-
cies overlaying antenna elements 600 from another range of
frequencies. The antenna elements 600 of different frequen-
cies may be combined into a complex antenna element 600.
The antenna elements 600 of two or more frequencies may be
connected in parallel, series, or a combination of the two
within the same circuit as each other; or any other antenna
attachment configuration may be utilized. In some embodi-
ments, the antenna attachment may be configured to operate
with a phase array radar system.
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[0049] The automotive radar sub-system 200 may be a
stand-alone sub-system or it may be one of many automotive
radar sub-systems 200 within an automotive radar system.
For example, the sub-system 200 may be utilized within an
automotive radar system alone, with other sub-systems 200 of
this type, or with other sub-systems 200 of at least one more
design. For example, this sub-system 200 may be part of a
system which includes other sub-systems 200 of this design
(which cover the full automotive radar bandwidth from 76
GHz to 81 GHz). This sub-system 200 may also be part of a
vehicular radar system which includes sub-systems 200 of
other designs, or a combination of any sub-systems 200. For
example, the other sub-systems may be sub-systems designed
to operate within the 76 GHz to 81 GHz range and may be
sub-systems designed to operate within the 24 GHz range.

[0050] FIG. 7A illustrates an embodiment of the metal
housing 202. In the embodiment illustrated in FIG. 7A, the
side of the metal housing 202 is shown on which the chip PCB
100 is to be mounted. The chip cavity 208 is illustrated in the
middle of the metal housing 202. The T/R module 102 is to be
located within the chip cavity 208, and the chip PCB 100 is to
be positioned so that it will cover at least a portion of the metal
housing 202 and will encapsulate the T/R module 102. This
allows for the T/R module 102 to be protected from environ-
mental factors after the sub-system 200 is manufactured.

[0051] Insomeembodiments, there are multiple waveguide
transitions 206 formed within the metal housing 202 and are
located in the waveguide transition 206 outline areas as
shown in FIG. 7A. In other embodiments, there is only one
waveguide transition 206 formed in the metal housing 202. In
some embodiments, such as the embodiment illustrated in
FIG. 7A, the metal trace outline 700 is formed within the
metal housing 202, adjacent to where the T/R module 102 is
positioned. In other embodiments, the metal trace 300 may be
positioned in remote locations from the T/R module 102.

[0052] In the example in FIG. 7A, one T/R module 102 is
positioned within the metal housing 202. From the T/R mod-
ule 102 to the waveguide transitions 206 are many metal trace
outlines 700 within which metal traces 300 are positioned.
Positioned at the end of the metal trace outlines 700 are metal
sections 302 within the waveguide transitions 206. Each
waveguide transition 206 may be within a single sub-system
200, and therefore positioned between a metal section 302
and at least one signal line 304. The embodiment in FIG. 7A
may illustrate one automotive radar system or a group of
automotive radar sub-systems 200 which may still represent
only a portion of an automotive radar system.

[0053] In some embodiments, the metal housing 202 may
include connector holes 702 formed within it. These connec-
tor holes 702 may enable the sub-system 200 to be attached to
a vehicle. These connector holes 702 may also enable the
sub-system 200 to be attached to other sub-systems 200. In
one embodiment, one sub-system 200 in the frequency range
of 76 GHz to 81 GHz may be attached to at least one more
sub-system 200 in the same frequency range. In some
embodiments, one or more sub-systems 200 in the frequency
range of 76 GHz to 81 GHz may be connected to one or more
sub-systems 200 near the 24 GHz frequency also utilized by
vehicular radar. In some embodiments, one or more sub-
systems 200 may be connected to one or more sub-systems
200 of any other design. In some embodiments, the connector
holes 702 may be utilized to attach the chip PCB 100 to the
metal housing 202. Additionally, the connector holes 702
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may be attached to any combination of other sub-systems
200, chip PCBs 100, and a vehicle.

[0054] FIG. 7B illustrates an embodiment of the antenna
PCB 204 attached to the metal housing 202. In FIG. 7A, one
connector hole 702 is visible at the top of the diagram, and
another connector hole 702 to illustrate that the chip PCB 100
is on the opposite side of the metal housing 202 than the
antenna PCB 204. As illustrated in the embodiment of FIG.
7B, there are multiple waveguide transition 206 outlines on
the antenna PCB 204. In other embodiments, the sub-system
200 may only be configured to include one waveguide tran-
sition 206.

[0055] In the embodiment illustrated in FIG. 7B, there are
multiple arrays of antenna elements 600 existing on the
antenna PCB 204. These antenna elements 600 may be fab-
ricated on the antenna PCB 204 or electrically connected to
the antenna PCB 204. In this embodiment, two signal lines
304 may transmit and/or receive a signal to and/or from the
waveguide transition 206 (the waveguide transitions 206
being located on the opposite side of the antenna PCB 204
from the antenna elements 600, and located near the location
of the waveguide outline 206) for each waveguide transition
206.

[0056] FIG. 8 illustrates an exemplary method for manu-
facturing the automotive radar sub-system 200 for robustness.
In block 800, a design is etched onto the chip PCB 100. This
design may be appropriate for the radar sub-system 200
described herein. This design may also be appropriate for any
type of radar system. The chip PCB 100 may include layers of
different types of substrates. For example, it may contain one
layer of high performance RF substrate and three layers of
low cost FR4, or other low-cost substrate, for example, for
digital logic routing. The chip PCB 100 may also have etched
on it and/or connected to it the metal trace 300 and the metal
section 302.

[0057] In block 802, discrete components may be
assembled on or attached to the chip PCB 100. For example,
the components may include the T/R module 102, support
components such as capacitors, diodes, control ICs, connec-
tors, and any other component which may be utilized in radar
systems and this type of sub-system 200.

[0058] In block 804, the antenna PCB 204 may be etched.
For example, antenna elements 600 may be etched onto the
antenna PCB 204 in any configuration, such as series, paral-
lel, a combination, or any other possible configuration of
antenna elements 600. Likewise, support components may be
etched onto and/or connected to the antenna PCB 204, such as
ICs, capacitors, diodes, connectors, and any other compo-
nents which may be utilized in radar systems, antenna attach-
ments, and/or the sub-system 200. Furthermore, the antenna
PCB 204 may be assembled such that the complex shape is
formed where the waveguide transition 206 will be located.
Likewise, the signal line 304 may be etched on or attached to
the antenna PCB 204 such that the signal may propagate to
and/or from the antenna elements 600 and from and/or to the
waveguide transition 206. The antenna PCB 204 may be
made of a high performance substrate, or any other substrate
on which antenna attachments may be formed.

[0059] Inblock 806, the chip PCB 100 may be bonded to a
first side of the metal housing 202. The metal housing 202 has
formed within it the waveguide transition 206. The
waveguide transition 206 may be machined in the metal hous-
ing 202. The metal housing 202 also includes a chip cavity
208, which may be machined in the metal housing 202. The
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metal housing 202 is double sided. The T/R module 102 is
positioned within the chip cavity 208 such that the T/R mod-
ule 102 is encapsulated between the metal housing 202 and
the chip PCB 100, with only those two elements surrounding
the T/R module 102.

[0060] Inblock 808, the antenna PCB 204 is bonded onto a
second side of the metal housing 202, which is opposite the
first side of the metal housing 202. The bond material may be
a conductive material, such that the metal parts of the metal
housing 202 may be bonded to ground planes on the chip PCB
100 and/or the antenna PCB 204 to form an electrical con-
nection. The waveguide transition 206 may be positioned
such that it is positioned on the metal section 302 on the chip
PCB 100, and in the vicinity of the complex shape and the
signal line 304 on the antenna PCB 204 when the metal
housing 202 is bonded to the chip PCB 100 and the antenna
PCB 204.

[0061] By utilizing this method of manufacturing, the auto-
motive radar sub-system 200 for robustness, the T/R module
102 may be completely sealed off from environmental expo-
sure, such as dirt, dust, and the like. The T/R module 102 may
be located within the chip cavity 208 of the metal housing
202, and be sealed between the chip PCB 100 and the metal
housing 202 in order to prevent exposure to environmental
elements. Furthermore, this method allows part of the radar
system (the sub-system 200) to be assembled in a clean room,
so that fragile components, such as the T/R module 102, are
not exposed to environmental elements. Additionally, this
method eliminates the requirement for the T/R modules 102
to be positioned in its own protective packaging, as it is
already protected by the chip PCB 100 and the metal housing
202. This method also allows for a full radar system to be
assembled outside of a clean room, as the fragile components,
such as the T/R module 102, are sealed from environmental
exposure within the sub-system 200 and have been previously
manufactured within a clean room. Thus, assembly of more
than one sub-system 200 and other modules as a system may
be performed outside of a clean room, which reduces cost in
the manufacturing process for the entire radar system.
[0062] Those of ordinary skill would appreciate that the
various illustrative logical blocks, modules, and algorithm
steps described in connection with the examples disclosed
herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustra-
tive components, blocks, modules, circuits, and steps have
been described above generally in terms of their functionality.
Whether such functionality is implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans
may implement the described functionality in varying ways
for each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the disclosed apparatus and methods.

[0063] Thevarious illustrative logical blocks, modules, and
circuits described in connection with the examples disclosed
herein may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an appli-
cation specific integrated circuit (ASIC), a field program-
mable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but in the alternative, the processor
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may be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be implemented as
a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP core,
or any other such configuration.

[0064] The steps of a method or algorithm described in
connection with the examples disclosed herein may be
embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash memory,
ROM memory, EPROM memory, EEPROM memory, regis-
ters, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary
storage medium is coupled to the processor such that the
processor can read information from, and write information
to, the storage medium. In the alternative, the storage medium
may be integral to the processor. The processor and the stor-
age medium may reside in an Application Specific Integrated
Circuit (ASIC). The ASIC may reside in a wireless modem. In
the alternative, the processor and the storage medium may
reside as discrete components in the wireless modem.
[0065] The previous description of the disclosed examples
is provided to enable any person of ordinary skill in the art to
make or use the disclosed methods and apparatus. Various
modifications to these examples will be readily apparent to
those skilled in the art, and the principles defined herein may
be applied to other examples without departing from the spirit
or scope of the disclosed method and apparatus. The
described embodiments are to be considered in all respects
only as illustrative and not restrictive and the scope of the
invention is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

What is claimed is:

1. A method of packaging a vehicular radar unit, the
method comprising:

providing a first printed circuit board;

positioning an integrated circuit for processing transmitted

and received signals on the first printed circuit board;
providing a metal housing having a first side and a second
side opposite the first side;

providing a second printed circuit board with a plurality of

antenna elements and at least one transmission line;
bonding the first printed circuit board to the first side of the
metal housing;

bonding the second printed circuit board to the second side

of the metal housing;

providing a waveguide chamber located between the first

printed circuit board and the second printed circuit
board; and

allowing a signal to propagate from the integrated circuitto

the plurality of antenna elements.

2. The method of claim 1 wherein the integrated circuit is
sealed from environmental exposure between the first printed
circuit board and the metal housing.

3. The method of claim 1 wherein the waveguide chamber
is configured to reduce the strength of signals below 76 GHz.

4. The method of claim 1 wherein at least one of the first
printed circuit board is bonded to the first side of the metal
housing using conductive bonding material or the second
printed circuit board is bonded to the second side of the metal
housing using conductive bonding material.
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5. The method of claim 1 wherein the at least one trans-
mission line includes at least two transmission lines and pro-
viding the waveguide chamber includes positioning two of
the at least two transmission lines in the waveguide chamber.

6. The method of claim 1 wherein the integrated circuit is
packaged in a wire-bond package, a flip-chip package or a
system on a chip package.

7. The method of claim 1 wherein the first printed circuit
board includes a metal trace and a square metal section.

8. The method of claim 7 further comprising allowing a
signal to propagate from the plurality of antenna elements to
the at least one transmission line to the waveguide chamber to
the square metal section to the metal trace to the integrated
circuit.

9. The method of claim 7 wherein allowing the signal to
propagate from the integrated circuit to the plurality of
antenna elements includes allowing a signal to propagate
from the integrated circuit to the metal trace to the square
metal section to the waveguide chamber to the at least one
transmission line to the plurality of antenna elements.

10. A vehicular radar unit comprising:

a first printed circuit board having an integrated circuit

configured to process transmitted and received signals;

a metal housing with a waveguide chamber formed within

it, the waveguide chamber being located between a first
side of the metal housing and a second side of the metal
housing opposite the first side and allowing a signal to
propagate from the integrated circuit to the plurality of
antenna elements, wherein the first side of the metal
housing is bonded to the first printed circuit board; and
a second printed circuit board bonded to the second side of
the metal housing and having at least one transmission
line and a plurality of antenna elements.

11. The vehicular radar unit of claim 10 wherein the inte-
grated circuit is sealed from environmental exposure between
the first printed circuit board and the metal housing.

12. The vehicular radar unit of claim 10 wherein the
waveguide chamber is configured to reduce the strength of
signals below 76 GHz.

13. The vehicular radar unit of claim 10 wherein at least
one of'the first printed circuit board is bonded to the first side
of'the metal housing using conductive bonding material or the
second printed circuit board is bonded to the second side of
the metal housing using conductive bonding material.

14. The vehicular radarunit of claim 10 wherein the at least
one transmission line includes at least two transmission lines
and two of the at least two transmission lines is positioned
within the waveguide chamber.

15. The vehicular radar unit of claim 10 wherein the inte-
grated circuit is packaged in a wire-bond package, a flip-chip
package or a system on a chip package.

16. The vehicular radar unit of claim 10 wherein the first
printed circuit board includes a metal trace and a square metal
section.

17. The vehicular radar unit of claim 16 wherein a signal
may propagate from the plurality of antenna elements to the at
least one transmission line to the waveguide chamber to the
square metal section to the metal trace to the integrated cir-
cuit.

18. The vehicular radar unit of claim 16 wherein allowing
the signal to propagate from the integrated circuit to the
plurality of antenna elements includes allowing a signal to
propagate from the integrated circuit to the metal trace to the
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square metal section to the waveguide chamber to the at least
one transmission line to the plurality of antenna elements.

19. A vehicular radar unit comprising:

a first printed circuit board having an integrated circuit
configured to process transmitted and received signals, a
plurality of metal traces electrically connected to the
integrated circuit, and a plurality of square metal sec-
tions electrically connected to the plurality of metal
traces;

a second printed circuit board having a plurality of trans-
mission lines and a plurality of antenna elements,
wherein each of the plurality of antenna elements is
electrically connected to at least one of the plurality of
transmission lines; and

ametal housing having a plurality of waveguide chambers,
achip cavity, a first side bonded to the first printed circuit
board and a second side opposite to the first side and
bonded to the second printed circuit board, wherein:

Dec. 3, 2015

the plurality of square metal sections on the first printed
circuit board are positioned within the plurality of
waveguide chambers,

at least a portion of each of the plurality of transmission
lines is positioned within one of the plurality of
waveguide chambers,

the integrated circuit is positioned within the chip cavity
such that the integrated circuit is encapsulated
between the first printed circuit board and the metal
housing, and

a plurality of signals may propagate from the integrated
circuit to each of the plurality of metal traces to each
of' the plurality of square metal sections to the each of
the plurality of waveguide chambers to each of the
plurality of transmission lines to each of the plurality
of antenna elements.

20. The vehicular radar unit of claim 19 wherein the inte-
grated circuit is a monolithic microwave integrated circuit.
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