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Abstract -Tx leakage cancellers for 24 and 77 GHz vehicular
radar systems are presented. These have high Tx-to-Rx isolation
and wideband characteristics. Tx leakage cancellers are
composed of four Lange couplers, a 900 delay line, and a
Wilkinson combiner. Tx leakage cancellers are implemented on
GaAs substrate. A 24 GHz Tx leakage canceller shows the
transmitting loss of 5.7 dB and Tx leakage cancellation of 28.1 dB.
Also a 77 GHz Tx leakage canceller shows the transmitting loss of
3.6 dB and Tx leakage cancellation of 28.2 dB. Isolations due to
Lange coupler are 15.1 dB in 24 GHz Tx leakage cancellers and
13.1 dB in 77 GHz Tx leakage cancellers, respectively. The
isolations due to the topology of the Tx leakage canceller are
expected to be 13 dB and 15.1 dB, respectively. These compact Tx
leakage cancellers show wideband characteristics of bandwidth
beyond 4 GHz.
Index Terms -Automotive, radar.

I. INTRODUCTION

Vehicular radar systems in 77 GHz have been introduced in
the car market. The main applications for those radars were
the ACC (Adaptive Cruise Control) function. ACC radar
systems have a maximum range of 100-200m. Those long
range applications in the 77GHz band are suitable because of
the small antenna apertures. In short range radar applications,
24 GHz band technology is suitable because small beam
antenna do not need. The FMCW radar configuration is
generally used in automotive collision avoidance radar [1]. In
CW (Continuous Wave) radar systems such as FMCW radars,
the high Tx-to-Rx isolation is required to improve the
sensitivity. CW radars use two separate antennas to improve
Tx-to-Rx isolation [2]. However, the size of radar system
becomes to be doubled because two antennas are used. To
reduce the size of radar, CW radars with a single antenna can
be implemented using a circulator or a coupler. A circulator or
a coupler is usually used to separate transmitting signal and
receiving signal in the radar systems with a single antenna.
However, the circulator shows low isolation characteristics,
especially at mm-wave frequency. Therefore, the large Tx
leakage signal from transmitter due to the low isolation of
circulator or the reflection from the antenna can degrade the
sensitivity of the receiver, and even saturate the receiver

components, so that the dynamic range of the receiver is
reduced. Besides it is difficult to be integrated with other
MMICs. To achieve a good Tx-to-Rx isolation performance in
the radar system with a single antenna, the reflected power
canceller (RPC) has been proposed [3]-[4]. Recently, the RPC
which is based on DSP has been reported [5]. It shows a good
Tx-to-Rx isolation performance up to K-band frequencies.
However, it is complicated to implement the RPC in mm-
wave frequency because it needs a high performance vector
modulator and complex control circuits. Another approach to
reduce the Tx leakage is proposed that is the balanced radar
topology by author [6]. However, when it transmits the signal,
half of transmitting signal is dissipated at the terminating
resistor at the coupler. Also, half of the receiving signal is
dissipated at the resistor of the Wilkinson combiner. As a
result, 6 dB power losses are occurred in the balanced radar
topology. In mm-wave systems, the power efficient systems
are required because it is difficult to generate a high output
power. A small size transistor has to be used to achieve a high
gain, whereas a large size transistor has to be used to achieve a
high output power. Therefore, the trade-off between the gain
and the power performance is required.

This paper presents the Tx leakage cancellers for the 24
GHz and 77 GHz vehicular radar applications which have a
high Tx-to-Rx isolation and wideband characteristics, and also
can improve the power losses of the transmitting and receiving
signal.

II. OPERATION OF TX LEAKAGE CANCELLER

Fig. 1 shows the block diagram of the radar system with the
proposed Tx leakage cancellers. Tx leakage cancellers are
composed of four Lange couplers, a 900 delay line, and a
Wilkinson combiner. The output signal from the signal source
is transferred to the antenna through the Tx leakage canceller
and radiated through the antenna. The radiated signal is
reflected from the target object and captured with the same
antenna.

0-7803-9542-5/06/$20.00 ©2006 IEEE



1403

Tx leakage canceller

50 Q
matched
Antenna

4-

Fig. 1. Block diagram of the radar system with Tx leakage
canceller.

The received signal is split in two and these signals are
combined by the Wilkinson combiner in the Tx leakage
canceller. And then these signals are amplified with LNA and
down converted to the baseband by the quadrature mixer.
Finally, the unwanted signals such as harmonic signals are
removed through low pass filter (LPF). During the
transmitting and receiving of a signal, the large Tx leakage
signal can be cancelled out though the proposed Tx leakage
cancellers. The operation of the Tx leakage canceller is as
following.
The transmitting signal from the signal source is split into

two signals with equal amplitude and 900 difference through
the Lange coupler (Langel). These split signals are coupled
through the Lange couplers (Lange2, Lange3) with the power
loss of 3 dB, respectively. Then, these two signals are
combined by the Lange coupler (Lange4). Because the signals
are combined with in-phase, two signals are added together.
So transmitting power loss is the insertion loss of Lange
couplers.

In the Tx leakage case, the large Tx leakage signal is
appeared at the isolation port of Lange coupler due to the low
isolation property of Lange coupler. The one port of Lange
coupler (Lange3) is connected to 900 delay line. And another
port of the Lange coupler (Lange2) is combined with 900 delay
line through Wilkinson combiner. If the amplitude and the
phase mismatch are very small, these two signals are anti-
phased and equal amplitude. Therefore, when they are
combined with the Wilkinson combiner, Tx leakage signals
can be cancelled out much more than the case that just only
Lange coupler is used.
The received signal which is reflected from the target is

split into two signals which have the phase difference of 900
and equal amplitude at the Lange coupler (Lange4). Half of
received signal (Lange3) is coupled and another half of the
signal is fed into the through port of the Lange coupler (Lange
3). Then, the signal is 900 phase shifted through 900 delay line.
As a result, this signal is in-phase with output signal of Lange
coupler (Lange2). These two signals are combined with

Wilkinson combiner. These two signals are in-phase.
Therefore, the signal is combined together.
The proposed radar system with the Tx leakage canceller

can have high Tx-to-Rx isolation characteristics and generate
the quadrature signal by itself. Because the large Tx leakage
signal can be suppressed with the Tx leakage canceller, the
gain ofLNA can be increased without the saturation of LNA.
Therefore, the noise figure of the receiver can be improved
according to Friis' equation. Tx leakage cancellers use only
passive components such as a Lange coupler and a Wilkinson
combiner, so low cost and compact size can be achievable. In
the radar systems with the Tx leakage canceller, a single
antenna which shares the transmitting and the receiving
antenna can be used. Moreover, because the quadarature
signal can be generated by itself, the quadrature mixing can be
possible. Therefore the direction of the moving target object
can be known [8].

III. CIRCUIT DESIGN AND MEASUREMENT RESULTS

To verify the operation of the Tx leakage cancellers, the test
pattern of the Tx leakage cancellers are designed. A Lange
coupler is used as a quadrature coupler because it can be
integrated with other MMIC circuits due to its compact size.

(a)

(b) (c)

Fig. 2. Microphotographs of the fabricated the Tx leakage
cancellers.

(a) The 24 GHz Tx leakage canceller
(b) The 77 GHz Tx leakage canceller (to measure the insertion

loss)
(c) The 77 GHz Tx leakage canceller (to measure the isolation)
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The initial parameters of the Lange coupler and microstrip
delay line are calculated with the LineCal in Agilent ADS
2002C.Also, to reduce the size of the Tx leakage canceller,
microstrip delay line, and Wilkinson combiner are bended.
The effects due to bending are simulated with 2.5D EM
simulator of HP Momentum. Tx leakage cancellers were
fabricated on GaAs substrate at Knowledge*on (24 GHz) and
Triquint (77 GHz) foundry. Fig. 2 shows the
microphotographs of the fabricated test pattern of Tx leakage
cancellers. The chip size is 3 x 1.75 mm2, 2.25 x 1.75 mM2,
respectively.
The S-parameters of the fabricated 24 GHz Tx leakage

cancellers were measured with the HP 8510C vector network
analyzer.
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Fig. 5. Measured S-parameter of the Lange coupler in the 77 GHz
Tx leakage canceller.
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Fig. 3. Measured S-parameter of the Lange coupler in the 24 GHz
Tx leakage canceller.
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Fig. 6. Measured S-parameter of the 77 GHz Tx leakage canceller.

The 77 GHz Tx leakage cancellers were measured with the
Anritsu broadband vector network analyzer of ME7808A. All
the measurements were performed on-wafer measurement on
Karl Suss probe station. Fig. 3 shows the measured S-
parameter of the Lange coupler in the 24 GHz Tx leakage
canceller. The isolation of 15.1 dB, the coupling of 3.3 dB,
and the through of 4.4 dB are achieved at 24 GHz. Because
the isolation property of the Lange coupler is not high, a large

28 30 Tx leakage signal is appeared at the isolation port of the Lange
coupler. Fig. 4 shows the measured S-parameter of the 24
GHz Tx leakage cancellers. The insertion loss between the
signal source port to the antenna port is achieved to 5.7 dB at

akage canceller. 24 GHz. The isolation between the signal source port to the
mixer input port is achieved to 28.1 dB at 24 GHz. Because
the isolation of the Lange coupler is 15.1 dB, the additional
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improvement of 13dB of the Tx-to-Rx isolation at 24 GHz is
achieved by the Tx leakage canceller.

Fig. 5 shows the measured S-parameter of the Lange
coupler in 77 GHz Tx leakage canceller. The isolation of 13.1
dB, the coupling of 3.2 dB, and the through of 4.9 dB are
achieved at 77 GHz. Fig. 6 shows the measured S-parameter
of the 77 GHz Tx leakage canceller. The insertion loss of 3.6
dB between the signal source port to the antenna port is
achieved at 77 GHz. The isolation of 28.2 dB between the
signal source port to the mixer input port is achieved at 77
GHz. The Tx-to-Rx isolation of 25 dB is achieved from 74.6
GHz to 81.2 GHz. The additional improvement of 15.1 dB of
the Tx-to-Rx isolation at 77 GHz is achieved by the Tx
leakage canceller.

IV. CONCLUSION

Tx leakage cancellers for 24 GHz and 77 GHz vehicular
radars are presented. Tx leakage cancellers can be
implemented with simple passive devices of four Lange
couplers, 900 microstrip delay line, and a Wilkinson combiner.
The Tx-to-Rx isolation of 25 dB is achieved with the
bandwidth of 5 GHz in 24 GHz Tx leakage canceller. Also the
isolation of 25 dB is achieved with the bandwidth of 6.6 GHz
in 77 GHz Tx leakage canceller. The additional isolation of
15.1 dB is achieved with 24 GHz and 77 GHz Tx leakage
cancellers, which are due to the canceller topology. Because
these show high isolation characteristics in the wide
bandwidths, these can be applied to vehicular radar
applications with FMCW modulation.
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