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isolation between an input of the local oscillator signal and
the corresponding receiving channel, emits a transmission
power via this receiving channel, using an overcoupling sig-
nal, the transmission power influencing the directional char-
acteristic of the antenna unit and the directional characteristic
being switchable by controlling the phase position of the
overcoupling signal.

7 Claims, 3 Drawing Sheets

4\\ /o
_________ /
9
Ny 7
LO‘ RF RX
IF
™
A
.-
p——t
Lo o— / -
P
71 o
1_ 1o A RX
AT
s $

e
e



US 8,441,397 B2
Page 2

6,054,948
6,236,352
6,275,688
7,002,511
7,420,503
7,460,055
7,609,199
7,898,469
7,982,663
2004/0239555
2007/0194978
2007/0285307
2009/0073029
2009/0256739
2010/0194623
2010/0289692
2011/0012774
2011/0260912
2012/0062304

U.S. PATENT DOCUMENTS

A *
BL*
Bl

BL*
B2 *
B2 *
B2 *
B2 *
B2 *
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*

4/2000
5/2001
8/2001
2/2006
9/2008
12/2008
10/2009
3/2011
7/2011
12/2004
8/2007
12/2007
3/2009
10/2009
8/2010
11/2010
1/2011
10/2011
3/2012

Dean .....ccocvviviinninn. 342/372
Walmsley ... 342/118
Takagi et al.

Ammaretal. ... 342/134
Uchino ........... .. 342/70
Nishijima et al. .. 342/70
Nishijima et al. ............ 342/175
Ujitaetal. .....coceevenene 342/194
Miyake et al. .. 342/165
Steinbuch et al. .. 342/70
Teshirogi et al. .. .. 342/28
Nishijima et al. . 342/200
Nishijima et al. . ... 342/200
Teshirogi et al. ............. 342/204
Hansen 342/52
Winkler ... .. 342/70
Sakaietal. ........... 342/145
Binzeretal. ............... 342/175
Bao ..o 327/355

2012/0098698 Al* 4/2012 Reuter
5/2012 Trottaetal. .........

7/2012 Himmelstoss et al.

.......................... 342/200
2012/0112956 Al* ... 342/165
2012/0182177 Al* 7/2012 Himmelstoss etal. ....... 342/173

FOREIGN PATENT DOCUMENTS

DE 10 2005 062772 7/2007

EP 0131337 1/1985

JP 2008116427 A * 5/2008

WO 2006/029926 3/2006
OTHER PUBLICATIONS

Guan X et al : “Integrated Phased Array Systems in Silicon” Proceed-
ings of the IEEE, IEEE. New York, US, vol. 93, No. 9, Sep. 1, 2005,
pp. 1637-1655, XP011137882, ISSN : 0018-9219, p. 1642, right-
hand column, paragraph 2—p. 1643, paragraph IV ; figures 1,3,4b.
“Adaptive Fahrgeschwindigkeitsregelung ACC,” (ACC Adaptive
Cruise Control), Yellow Series, 2002 edition, Technische Unter-
richtung, (Technical Instruction).

* cited by examiner



U.S. Patent May 14, 2013

Sheet 1 of 3 US 8,441,397 B2
7 1
ol N =
1! N 6 Fig. 1
y; 3

Fig. 2



U.S. Patent May 14, 2013 Sheet 2 of 3 US 8,441,397 B2

9
VCC 7
g <
% <> |F
® ®
< _>IFx
, ) N\
LOx 12b
Bias > 4
| N e
RF | I \‘
RFx {1

14D Fig. 3



U.S. Patent May 14, 2013 Sheet 3 of 3 US 8,441,397 B2

oo

N,
e
»
N

O
,
i

M
S
r
AN
;/
e
b

,,,
!
]
™
af
L=
’,f‘
N,

P
P
G
Is
VY
A
s
y
hY

4
£

>,
3

%
T
5&%%3
i
-
;
%
’
73
»

T SNCNENAY

ri /e

"o,
A
'y
rEyv v

)
T,
*
v
.,
2R
o
",
/
F
o]
Ry
o

]
g
-
-
b,
",
o

R
R
%,
o

w

T
12,88
o
ft*
o

F o s, & Preand.,
,J# e . 5 L b EaL Fa

e, e b
& a el e,

. t o, e
A sl r o o .
Frrinoe

; H & v
l o ol s, P oy,

vy

a5 ", e %, !
M s
i, cae)

e,

)
Y
n v,
|
%

L ey

-,
K30

o e, %
o st o,
%

r30,
B o

o ia Mo,

1514131211109 8 -Ff 6 -5 4 -3 .2 . 0 1 2 3 4 5 6 7 8 ¢ 101112 13 14 15

Fig. 4

“_

]

¥

BN

T

7)/
A

"

LY
%
Wi
At
L]
",
;
4

Py
o
.
SHE
s
Mg
Y
i
r

\'ﬁ
™
o
{
1
FAGEES
2\
:";“-=

7 P P P e
! / .

&

+
N
Wi
.

£
K

" Lo

o
I
5

el
"+ n
. V b %,
. e %,
& ne ] i iy
* HF >y )
. 15 i
o 4 oy k!
o s, o el
> 4 Rt
P72 4 S Q- ...:'q,*.(‘.. ..... FUU W S,
e 3 gl
e it s,
Cd T C !
, S - o L) ol
rrareda ¥ : ; g,

&)

451413121110 ¢ 8 -7 6 45 4 324 0 1t 23 4 5 6 7 8 @10 111212 1415

Fig. 5



US 8,441,397 B2

1
MONOSTATIC MULTIBEAM RADAR
SENSOR DEVICE FOR A MOTOR VEHICLE

FIELD OF THE INVENTION

The present invention relates to a monostatic multibeam
radar sensor device for a motor vehicle, including a direc-
tional characteristic of an antenna unit having at least one
transceiving channel and at least one receiving channel, and
including a mixer system, which has an at least approximately
isolating mixer for at least one of the receiving channels. The
present invention also relates to a Gilbert cell mixer for a
monostatic multibeam radar sensor device of this type, as
well as to a method for operating a monostatic multibeam
radar sensor device of this type.

BACKGROUND INFORMATION

Radar sensors of'this type are used, for example, in distance
warning and regulating systems in motor vehicles, in particu-
lar adaptive cruise control (ACC) systems. Adaptive cruise
control systems of this type are described in the publication
by Robert Bosch GmbH, “Adaptive Fahrgeschwind-
igkeitsregelung ACC” (ACC Adaptive Cruise Control), Yel-
low Series, 2002 edition, Technische Unterrichtung” (Tech-
nical Instruction). Radar sensors are also described therein.

In radar sensors having a monostatic antenna concept, the
same antenna is used both to transmit the radar signal and to
receive the radar echo. Non-isolating mixers or transfer mix-
ers are then used to forward the signal supplied to the antenna
via the RF (radio frequency) source port and simultaneously
to mix the signal received by the antenna with a portion of the
signal supplied via the RF source port. The mixed product is
then an intermediate frequency signal whose frequency indi-
cates the frequency difference between the transmitted and
received signals. This intermediate frequency signal provides
information about the Doppler shift occurring at the radar
target upon reflection of the transmitted signal, and thus infor-
mation about the relative velocity of the radar target and, if the
frequency of the transmitted signal is modulated in a ramped
manner (FMCW (Frequency Modulated Continuous Wave)
radar), information about the propagation time of the radar
signal and thus the distance of the radar target as well. A
monostatic multibeam radar sensor for motor vehicles,
including a mixer system having multiple transfer mixers, is
specified in DE 10 2004 044 130 Al.

In system architectures of multibeam radar sensors having
four radar beams or radar beam lobes, the generated local
oscillator power is supplied to transfer mixers. These transfer
mixers typically transmit half of the power, while the other
half of the power is used as a reference signal for the semi-
conductor components, such as diodes or transistors, needed
for mixing. However, this typically applies only to the inner
radar beam lobes, which form the transceiving channels. In
the two outer radar beam lobes, the transmission power may
be reduced or eliminated entirely to achieve narrower inner
radar beam lobes, which, on the one hand, permits a better
angle estimate and, on the other hand, reduces adjacent lane
interference. Since the outer radar beam lobes are receive-
only channels, isolating mixers are assigned to them.

SUMMARY OF THE INVENTION

The monostatic multibeam radar sensor device according
to the present invention for a motor vehicle, including a direc-
tional characteristic of an antenna unit having at least one
transceiving channel and at least one receiving channel, and
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2

including a mixer system, which has an at least approximately
isolating mixer for at least one of the receiving channels, the
at least approximately isolating mixer including a Gilbert cell
mixer which, due to a non-ideal isolation of, in particular, its
mixer cell, between an input of a local oscillator signal or a
local oscillator signal feed and the corresponding receiving
channel, emits a transmission power via this receiving chan-
nel, using an overcoupling signal, the transmission power
influencing the directional characteristic of the antenna unit
and the directional characteristic being switchable by control-
ling the phase position of the overcoupling signal; the mono-
static multibeam radar sensor device has the advantage that a
switchable directional characteristic or a switchable trans-
mission sum pattern is created. This makes it possible to
operate a multibeam radar sensor device having, in particular,
two different states which are characterized by transmission
sum patterns of different widths. Due to this switching opera-
tion, additional information may be obtained which may sub-
stantially improve the performance of the participating sys-
tems. The switching operation makes it possible to mask out
or confirm objects at different angular deviations. In particu-
lar, this method appears to be effective within an angle range
between 4° and 8°, since significant amplitude differences in
the aperture illumination may be expected therein, due to the
transmission sum pattern. This may potentially broaden the
angle estimation range.

By using a Gilbert cell mixer or a Gilbert cell as the mixer
cell in the isolating mixer, it is possible to form the transmis-
sion sum pattern accordingly. Gilbert cell architectures are
known, for example, from DE 10239 856 A1 and may be used
to implement transistor-based (rather than diode-based) mix-
ers and thus to achieve an additional conversion gain.

The special feature of a Gilbert cell mixer of this type is,
among other things, that an infinitely high degree of isolation
may be achieved between the local oscillator signal input and
the receiving channel when using ideally identical switching
transistor pairs. In the multibeam radar sensor device, this
would mean that no supplied local oscillator power could be
emitted by the receiving channels, in particular the outer radar
beam lobes. In practice, however, only a finite degree of
synchronization between all transistors is achievable under
real implementation conditions, in particular at frequencies in
the range of 77 Gigahertz. Slight fluctuations in the current
amplification result in a significant loss of isolation. In the
system, this is expressed by the fact that the outer radar beam
lobes nevertheless emit at lower power with regard to the
amplitude. They therefore contribute to the directional dia-
gram of the multibeam radar sensor device. Due to the mixer
cell’s non-ideal isolation between the input of the local oscil-
lator signal and the corresponding receiving channel, a trans-
mission power is emitted by the overcoupling signal or leak-
age signal. Correspondingly, the phase position of all four
radar beams must also be identical to obtain a usable trans-
mission sum pattern. In reality, it was actually possible to
achieve a relative decrease of only approximately 10 db from
the outer radar beams to the inner radar beams. A significant
problem arose with regard to the phase. The switching tran-
sistor pairs have the characteristic that an asymmetry in the
leakage signal phase between the local oscillator and the
receiving channel is expressed in a phase position of either 0°
or 180°. Depending on which differential branch of the circuit
generates less amplification, the leakage signal phase shifts
toward one or the other phase position, each shifted by 180°.
It was therefore possible for the directional diagram to be
random, a waste of approximately 50% having to be taken
into account, since this shift was not previously controllable.
The multibeam radar sensor device according to the present
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invention advantageously provides a switchable directional
characteristic by systematically controlling the phase posi-
tion of the overcoupling signal. The phase position of the
overcoupling signal may be switchable between 0° and 180°.

In a very advantageous embodiment of the present inven-
tion, the switching transistor pairs of the Gilbert cell mixer
may be fed separately via separate power sources. To control
the phase position of the overcoupling signal, the separate
power sources selectively provide asymmetrical supply cur-
rents, which have a corresponding current difference in rela-
tion to each other.

The inability to control the shift in the phase position of the
overcoupling signal may be counteracted as follows. Instead
of accepting manufacturing-related differences in the current
amplification of the transistors, this parameter may be selec-
tively influenced. Up to now, both differential switching tran-
sistor pairs were supplied via a common power source. Divid-
ing the power source into two power sources for the
individual switching transistor pairs makes it possible to
influence the current amplification of the particular switching
transistor pairs, which is co-determined by the injected cur-
rent. Using a corresponding mimicry and an outer control pin,
it is advantageously possible to selectively asymmetrize the
current in the two branches. This makes it possible to control
a shift in the phase toward 0° or 180°. It must only be ensured
that the current difference in the branches is great enough to
mask out manufacturing fluctuations.

Also described is a Gilbert cell mixer for a monostatic
multibeam radar sensor device.

Also described is a method for operating a monostatic
multibeam radar sensor device for a motor vehicle.

Exemplary embodiments and/or exemplary methods of the
present invention are described schematically below on the
basis of the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of a multibeam radar
sensor device according to the present invention.

FIG. 2 shows a simplified block diagram of a receiver
architecture of the multibeam radar sensor device according
to the present invention.

FIG. 3 shows a schematic circuit diagram of a modified
Gilbert cell mixer for the multibeam radar sensor device
according to the present invention.

FIG. 4 shows a simplified horizontal directional diagram of
the multibeam radar sensor device according to the present
invention in a first state.

FIG. 5 shows a simplified horizontal directional diagram of
the multibeam radar sensor device according to the present
invention in a second state.

DETAILED DESCRIPTION

FIG. 1 shows a monostatic multibeam radar sensor device
1 according to the present invention for a motor vehicle (not
illustrated), including a housing 2. Housing 2 includes an
antenna unit 3 and a mixer system 4, which form a receiver
architecture 5 of multibeam radar sensor device 1 according
to the present invention, including transceiving channels TX
and receiving channels RX (see FIG. 2). A beam forming
element designed as a lens 6 is also provided.

Transceiving channels TX and receiving channels RX of
multibeam radar sensor device 1 result in a directional char-
acteristic of multibeam radar sensor device 1, including radar
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beams or radar beam lobes B1, B1' through B4, B4', which
add up to corresponding transmission sum patterns 2, 2' (see
FIGS. 4 and 5).

FIG. 2 shows receiver architecture 5 in greater detail,
including antenna unit 3 and mixer system 4. A local oscilla-
tor signal LO is supplied via an input or a local oscillator
supply. Transfer mixer units or transfer coupler units 7 of
mixer system 4 are assigned to the two transceiving channels
TX. A selectively set transmission power (indicated by
arrows 8 in FIG. 2) is thus emitted via transceiving channels
TX, using middle or inner radar beam lobes B2, B2', B3, B3'.
Transfer mixer units or transfer coupler units 7 are sufficiently
well known and are therefore not discussed in greater detail
below.

As further shown in FIG. 2, mixer system 4 is provided
with an at least approximately isolating mixer for each of the
two receiving channels RX which generate outer radar beam
lobes B1, B1', B4, B4', the at least approximately isolating
mixer including a Gilbert cell mixer 9 having a mixer cell,
which is illustrated in further detail in FIG. 3. Due to a
non-ideal isolation, in particular of its mixer cell, between the
input of local oscillator signal LO and corresponding receiv-
ing channel RX, Gilbert cell mixer 9 emits, via receiving
channel RX, a transmission power or residual transmission
power via an overcoupling signal having a transmission
power of approximately —-20 dB (indicated by arrows 10), the
transmission power or residual transmission power substan-
tially influencing the directional characteristic or directional
diagram of antenna unit 3 (outer radar beam lobes B1, B1',
B4, B4"). Due to the lack of loss in transfer mixer units or
transfer coupler units 7, this additionally results in an
approximately 5 dB better conversion of outer receiving
channels RX. Gilbert cell mixer 9 receives local oscillator
signal LO as the input signal. A radio frequency signal RF is
supplied on the antenna side. In addition, an intermediate
frequency signal IF may be tapped.

Inmultibeam radar sensor device 1 according to the present
invention, the directional characteristic may be switched by
controlling the phase position of overcoupling signal 10 of
Gilbert cell mixer 9, the phase position of overcoupling signal
10 being switchable between 0° and 180°. The switching
operation or the control thereof takes place via control inputs
or switching ports 11.

FIG. 3 shows a circuit diagram of a modified Gilbert cell
mixer 9 for multibeam radar sensor device 1 according to the
present invention. Local oscillator signal LO or LOx is dif-
ferentially supplied to upper switching transistor pairs 12a,
125b. Radio frequency signal RF, RFx is differentially sup-
plied to lower transistor pair 13. Intermediate frequency sig-
nal IF, IFx may be differentially tapped at the upper resistors.
A voltage supply system VCC and a bias are also provided.
Switching transistor pairs 12a, 125 of Gilbert cell mixer 9 are
each supplied separately by a separate power source 14a, 145.
To control the phase position of overcoupling signal 10, the
separate power sources 14a, 145 selectively provide asym-
metrical supply currents, which have a corresponding current
difference in relation to each other. This is controlled via
switching port 11. This makes it possible to control a shift in
the phase toward 0° or 180°. It must only be ensured that the
current difference in the branches is great enough to mask out
manufacturing fluctuations.

Gilbert cell mixer 9 may be designed, in particular, as a
dual-balanced MMIC (monolithic microwave integrated cir-
cuit) mixer. Transmission sum pattern 2, %' is formed and
provided with a switchable design by using modified Gilbert
cell mixer 9. The relative transmission power of Gilbert cell
mixer 9 is switchable in the phase between 0° and 180°. The
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approximately loss-free implementation of this functionality
is very advantageous, with no interventions being made into
the existing mixer architecture.

A method for operating monostatic multibeam radar sensor
device 1 for a motor vehicle may thus be carried out, the
directional characteristic, in particular transmission sum pat-
tern 2, Z' of multibeam radar sensor device 1, being switched
between two states to obtain additional information. The
states are switched by controlled switching of the phase posi-
tion of overcoupling signal 10 between 0° and 180° by selec-
tively controlling the supply currents provided by particular
separate power sources 14a, 145 of switching transistor pairs
12a, 125.

As shown in FIGS. 4 and 5, this functionality thus makes it
possible to switch the phase of outer radar beam lobes B1,
B1', B4, B4' between 0° and 180°. In the 0° case illustrated in
FIG. 4, a transmission sum pattern X having a typical main
beam of +8.5° in width (3 dB) is generated if it is also ensured
that phase balance prevails at antenna unit 3 atall transceiving
channels TX or radar beam lobes B2, B3 and receiving chan-
nels RX or radar beam lobes B1, B4. Transceiving beams or
radar beam lobes B1 through B4 are superimposed on each
other in a phase-synchronous manner.

Curves B1, B' through B4, B4' represent two-way beams.
The corresponding one-way beams are indicated by dotted
lines.

In the 180° case illustrated in FIG. 5, a destructive super-
imposition by outer radar beam lobes B1', B4', which add up
to a phase-shifted 180°, results at the outer edges of middle
radar beam lobes B2', B3'. This results in substantial narrow-
ing (£3°) of the main beam in transmission sum pattern X'.
Due to the 180° phase position, additional side lobes continue
to be produced in the outer areas of the detection field.

The switching operation makes it possible to mask out or
confirm objects at different angular deviations. In particular,
this method is effective within an angle range between 4° and
8°, since significant amplitude differences in the aperture
illumination may be expected therein, due to transmission
sum pattern 2, 2'. This may potentially broaden the angle
estimation range.

What is claimed is:

1. A monostatic multibeam radar sensor device for a motor
vehicle, comprising:

a directional characteristic of an antenna unit having at
least one transceiving channel (TX) and at least one
receiving channel (RX);

a mixer system, which includes at least an approximately
isolating mixer for at least one of the receiving channels
(RX), wherein the at least approximately isolating mixer
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(LO) and the corresponding receiving channel (RX),
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emits a transmission power via this receiving channel,
using an overcoupling signal, wherein the transmission
power influences the directional characteristic of the
antenna unit, and wherein the directional characteristic
is switchable by controlling the phase position of the
overcoupling signal.

2. The multibeam radar sensor device of claim 1, wherein
the phase position of the overcoupling signal is switchable
between 0° and 180°.

3. The multibeam radar sensor device of claim 1, wherein
the switching transistor pairs of the Gilbert cell mixer are each
supplied separately by a separate power source.

4. The multibeam radar sensor device of claim 1, wherein
the separate power sources selectively provide asymmetrical
supply currents, which have a corresponding current differ-
ence in relation to each other, for controlling the phase posi-
tion of the overcoupling signal.

5. The multibeam radar sensor device of claim 1, further
comprising:

switching transistor pairs, each of which is supplied by a

separate power source.

6. A method for operating a monostatic multibeam radar
sensor device for a motor vehicle, the method comprising:

switching a directional characteristic, which is a transmis-

sion sum pattern (Z, Z') of the multibeam radar sensor
device, between two states to obtain additional informa-
tion;

wherein the monostatic multibeam radar sensor device for

a motor vehicle includes:

the directional characteristic of an antenna unit, which
has at least one transceiving channel (TX) and at least
one receiving channel (RX);

a mixer system, which includes at least an approxi-
mately isolating mixer for at least one of the receiving
channels (RX), wherein the at least approximately
isolating mixer includes a Gilbert cell mixer, which,
due to an non-ideal isolation between an input of the
local oscillator signal (LO) and the corresponding
receiving channel (RX), emits a transmission power
via this receiving channel, using an overcoupling sig-
nal, wherein the transmission power influences the
directional characteristic of the antenna unit, and
wherein the directional characteristic is switchable by
controlling the phase position of the overcoupling
signal.

7. The method of claim 6, wherein the states are switched
by controlled switching of the phase position of the overcou-
pling signal between 0° and 180° by selectively controlling
the supply currents provided by the particular separate power
sources of the switching transistor pairs.
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