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Abstract — Imaging radars incorporating digital beamforming

(DBF) typically require a uniform linear antenna array (ULA).

However, using a large number of parallel receivers increases sys-

tem complexity and costs. A switched antenna array can provide

a similar performance at a lower expense. This paper describes

an active switched antenna array with 32 integrated planar patch

antennas illuminating a cylindrical lens. The array can be opera-

ted over a frequency range from 73 GHz–81 GHz. Together with a

broadband FMCW frontend (Frequency Modulated Continuous

Wave) a DBF radar was implemented. The design of the array is

presented together with measurement results.

1 Introduction

In recent years, the application of imaging mm-wave

sensors at 77 GHz-81 GHz has gained increasing inter-

est. Automotive suppliers in Europe are forced by ad-

ministrative regulations to shift their wideband short

range systems from 24 GHz to this frequency range.

Hence, the development and availability of active com-

ponents has improved and the costs dropped signifi-

cantly. Also beside the automotive field, there are many

industrial applications which can benefit from the large

bandwidth and compactness of mm-wave sensors [1, 2].

Switched antenna arrays are proven to be good candi-

dates for high resolution DBF applications [3]. Thereby,

switching the transmitting antennas is advantageous

compared to a switched receiving array. Amplifica-

tion stages can easily compensate for losses occurring

in the distribution network while the receiver noise fig-

ure is not affected. This contribution describes an active

switched antenna array with 32 integrated planar patch

antennas illuminating a cylindrical lens. The array

can be operated over a frequency range from 73 GHz–

81 GHz. Together with a broadband FMCW frontend

(Frequency Modulated Continuous Wave) a DBF radar

was implemented. The design and implementation of

the array is presented together with measurement re-

sults.

2 Design and Fabrication Technology

A block diagram of the active switched array is shown

in Fig. 1. It comprises a five stage SP32T switching net-

work with 31 SPDT switches [4]. After the first stage

two amplifiers [5] are inserted to compensate for trans-

mission line and switch insertion losses. 32 transmitting
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Figure 1: Block diagram of the switched antenna array

(left); schematic of embedded patch antenna (right).

Figure 2: Photograph of the active switched patch array.

antennas are connected to the network. One receiving

antenna is placed on each side of the transmitting array.

This configuration forms an equivalent aperture, which

is about twice the geometrical size of the array aper-

ture [3]. The mm-wave circuit is implemented on the

PTFE based metal backed substrate Taconic TaclamPlus

[6]. The height of this substrate is only 0.1 mm. As

the required relative bandwidth of the antenna elements

is about 10%, the 34 patch antennas are fabricated on

an embedded Taconic TLX-9 substrate with a height of

0.38 mm (cf. Fig. 1). The connection is made by wire

bonding. Fig. 2 shows the hardware of the switched

array. The actual mm-wave circuit is covered by a stan-

dard FR-4 PCB providing DC supply and bias for am-

plifiers and switches. An opening of sufficient size is

cut into this PCB to allow the patch antennas radiating



34 mm

Figure 3: Cross section of the cylindrical lens.
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Figure 4: Simulated and measured radiation pattern of

a single patch antenna in the H-plane.

without perturbation.

To achieve a narrow beam width in the plane per-

pendicular to the array, a cylindrical lens was designed,

whose cross section is shown in Fig. 3. The gratings on

the flat side of the lens are designed to reduce reflections

at the air-dielectric interface.

3 Measurement Results

Design and optimization of the embedded patch an-

tenna has been done using CST Microwave Studio. The

farfield measurement (Fig. 4) shows a good agreement

with the simulated results. The ripple occurring in the

measured pattern is caused by the finite substrate size.

The idea of a cylindrical lens design is to preserve

the antenna pattern of the primary source in one plane

and shape the beam in the perpendicular plane. For thin

lenses and a sufficiently large focal length this goal can

be met almost perfectly. In case of thick lenses, the

spherical wave originating from the primary source is

disturbed by the twofold refraction at the air-dielectric

interfaces. In the described setup the focal length is very

small (F = 15mm) and the thickness of the lens is

up to 15mm. Hence, a degradation of the pattern can

be expected and is seen in Fig. 5. Due to the reduced

3dB beam width the field of view of the switched array

is limited to ±25
◦. This may be too small for some

applications. One possibility to overcome the effects of

a thick lens could be using a Fresnel design.
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Figure 5: Measured radiation pattern of a single patch

antenna illuminating the cylindrical lens (H-plane).
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Figure 6: Measured radiation pattern of a single patch

antenna illuminating the cylindrical lens (E-plane).

In the perpendicular plane, a narrow beam width of

5◦-6◦ was achieved (s. Fig. 6). Even tough there is an

amplitude tapering down to −8 dB at the edges of the

lens, the sidelobe attenuation is in the order of 10 dB-

13 dB. This is much higher than theoretically expected.

The reason may be also found in the large thickness of

the lens. In order to improve the antenna pattern in both

planes, a redesign of the lens will be a topic of the future

work.

As the array is intended to be operated over a wide

frequency range, the antenna gain of the active switched

array has been measured over frequency. Fig. 7 shows

the results of some representative switching states in

comparison with a passive patch antenna. In both

cases the setup included the cylindrical lens. The pas-

sive antenna shows a flat response within the desired

range from 73 GHz to 81 GHz. The maximum ripple is

±2 dB. For the active array, the amplifiers almost com-

pensate for the losses occurring within the switching

network. A significant drop around 79 GHz is appar-

ent for all states, but the depth strongly depends on the
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Figure 7: Antenna gain over frequency for all switching

states.
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Figure 8: Antenna gain over frequency for different an-

gles θ.

switching state as visible in Fig. 7. As the RF circuit is

perfectly symmetric, the switches may be responsible.

An imperfect isolation of a switch in stage five would

lead to a spurious radiation of the adjacent patch. But

in this case the drop in the frequency response would

change as a function of the angle. This could not be

verified during the measurements (s. Fig. 8). It has

been noticed, that the forward bias voltage of the PiN-

diodes varies among the switches. This may indicate,

that some of them are not operating properly. Additio-

nally, they are designed for narrowband automotive ap-

plications from 76 GHz-77 GHz and no wideband scat-

tering parameters are available. However, the problem

will be further investigated.

Finally, the switched array has been combined with a

broadband FMCW sensor (Frequency Modulated Con-

tinuous Wave) as described e.g. in [2]. The sensor can

be operated between 73.5 GHz-81 GHz and provides the

two receiving channels necessary for the intended sys-

tem. As a first measurement scenario, three targets have

been placed within an anechoic chamber. The band-

width used in this experiment was 4.8 GHz. The result

Figure 9: Radar measurement of three objects located

within an anechoic chamber.

obtained by delay-and-sum beamforming is presented

in Fig 9. The resolution achieved with this beamformer

is about 7 cm in range and 2.4◦ in the angular dimen-

sion. This matches the theoretically expected values.

4 Conclusion

This contribution describes the design and implementa-

tion of a broadband active switched array for DBF radar

at 77 GHz. Even though the overall system is proven

to work, there is some room for improvement for the

single components. On the one hand a new lens de-

sign could increase the field of view. And on the other

hand the frequency response of the switching network

limits the usable frequency range. Both aspects will be

adressed in the future work.
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