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Compact Microstrip Rotman Lens Using Chebyshev Impedance
Transformers
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Abstract—A compact microstrip Rotman lens is proposed in this paper. The microstrip Rotman
lens consists of a lens body and Chebyshev impedance transformers. The Chebyshev impedance
transformers are used as beam ports, array ports and dummy ports. Compared to the traditional
linear tapered transition, the Chebyshev impedance transformer is shorter, which leads to the size
reduction and insertion loss improvement for the Rotman lens. An X-band 4 × 7 Rotman lens using
Chebyshev impedance transformers is designed and fabricated. Compared to a traditional Rotman lens,
the proposed Rotman lens shows a size reduction of about 56% and an insertion loss improvement at
10 GHz. The measured results demonstrate that better than 15 dB return loss throughout the bandwidth
from 8 to 12 GHz is obtained.

1. INTRODUCTION

With the development of wireless communication systems, the antennas with beam scanning function
have been highly desired [1, 2]. The Rotman lens is a passive beam former used in multi-beam antenna
systems [3]. It can realize beam scanning function based on geometrical optic theory. Rotman lens has
been widely used in many applications due to its many advantages such as multi-beam capability, true
time delay characteristic and wide angular range beam scanning [4–6]. However, a traditional Rotman
lens, which is composed of lens body and linear tapered transitions, tends to be large, which limits the
integration in compact transceiver systems [7, 8]. There have been some solutions to reduce the size
of multi-beam antenna systems. In [9], the lens body of Rotman lens is folded into two layers along
its middle plane. In [10], the array ports and lens body are placed on different layers in multilayer
substrate integrated waveguide (SIW) technology. Both methods in [9] and [10] reduce the dimensions
of antenna systems compared to single-layer implementations. However, it is noted that the processing
area, which is equal to the total multilayer areas, is not reduced. In addition, the multilayer process is
complicated, which leads to the difficult fabrication process and high cost in massive productions.

In this paper, a compact single-layer microstrip Rotman lens is presented. The Rotman lens
uses the Chebyshev impedance transformers as the beam ports, array ports and dummy ports. The
Chebyshev impedance transformer has shorter length and less path loss, which leads to the size reduction
and insertion loss improvement for the Rotman lens. An X-band prototype has been fabricated and
measured. The proposed Rotman lens shows a size reduction of about 56% and an insertion loss
improvement at the centre frequency compared with a traditional Rotman lens. The measured and
simulated results are given and discussed in detail.
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2. LENS DESIGN

The layout of the proposed Rotman lens is illustrated in Fig. 1(a). The proposed Rotman lens is
printed on the top layer of a Rogers RO4350 substrate with relative permittivity of 3.66 and dielectric
loss tangent of 0.004. The Rotman lens is composed of a lens body and Chebyshev impedance
transformers [11]. The lens body is shaped of a focal arc and an inner lens contour. The lens contours
and the locations of ports are designed based on the original Rotman lens design equations initially
proposed by Rotman and Turner [3]. The Chebyshev impedance transformers constitute the beam
ports, array ports and dummy ports of the Rotman lens. The Rotman lens has 4 beam ports B1–B4,
7 array ports A1–A7, and 6 dummy ports D1–D6. The beam ports are located along the focal arc to
decide the beam directions. The array ports are located along the inner lens contour to achieve the
corresponding path length differences. The dummy ports are located at two sides of the lens body to
absorb extra wave reflected from the array ports. The design parameters of the Rotman lens are list in
Table 1.

(a) (b)

Figure 1. (a) Layout of proposed Rotman lens using Chebyshev impedance transformers. Wa = 0.6λg ,
L1 = 1.2λg . (b) Layout of traditional Rotman lens using linear tapered transitions. Wa = 0.6λg ,
L2 = 2.3λg .

Table 1. The design parameters of the Rotman lens.

Design frequency Beam directions Elements space Substrate material Substrate thickness
10 GHz ±10◦ and ±30◦ 18 mm Rogers 4350 30 mil

As shown in Fig. 1(a), the Chebyshev impedance transformer, lensbody and feed line are represented
by ‘T1’, ‘A’ and ‘C’, respectively. The lens body and feed line can be matched well through the
Chebyshev impedance transformer. The Chebyshev impedance transformer consists of multi-section
transmission lines with different characteristic impedances. Given the port aperture width W , the
aperture impedance Z can be calculated by Eq. (1) [11]. Given the aperture impedance Z and the
characteristic impedance of the feed line, the characteristic impedances of multi-section transmission
lines can be calculated based on the small reflection theory [11]. The detailed design parameters of the
Chebyshev impedance transformers are list in Table 2. (Because the Rotman lens is symmetrical, only
the parameters for half of all ports are list).
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For comparison purposes, a traditional Rotman lens using linear tapered transitions is also shown
in Fig. 1(b). The linear tapered transition (represented by ‘T2’) has flare angle θ. The Rotman lens with
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Table 2. Design parameters of the Chebyshev impedance transformers.

Port B1 B2 A1 A2 A3 A4 D1 D2 D3
W/λg 1 1 0.6 0.6 0.6 0.6 0.5 0.5 0.5

N 3 3 4 4 4 4 3 3 3
Z1 (Ω) 40.1 40.1 45.9 45.9 45.9 45.9 43.4 43.4 43.4
Z2 (Ω) 30 30 33.3 33.3 33.3 33.3 28.6 28.6 28.6
Z3 (Ω) 10.9 10.9 20.9 20.9 20.9 20.9 18.8 18.8 18.8
Z4 (Ω) - - 15.2- 15.2- 15.2- 15.2- - - -

Table 3. Performance comparison of Rotman lenses with different structures.

Rotman
Lens

Band width
of B1

(VSWR
< 1.5)

Band width
of B2

(VSWR
< 1.5)

Insertion
loss of
B1 at

10 GHz

Insertion
loss of
B2 at

10 GHz

Area (L0 × W0)

Traditional
(θ = 12◦) > 40% > 40% 3.2 dB 2.6 dB 9.6λg × 7.2λg

Traditional
(θ = 24◦) 30.4% > 40% 2.6 dB 2.3 dB 6.3λg × 6.0λg

Traditional
(θ = 36◦) 16.1% 29.5% 2.4 dB 2.2 dB 5.2λg × 5.2λg

Chebyshev > 40% > 40% 2.1 dB 1.7 dB 5.0λg × 6.1λg

Figure 2. Photograph of the fabricated Rotman lens.

different flare angles θ is simulated with the electromagnetic simulator ANSYS HFSS 15. As shown in
Table 3, it is clear that when the value of θ increases from 12◦ to 36◦, both the bandwidth (VSWR < 1.5)
of the beam ports decreases and the insertion loss of beam ports at 10 GHz decrease. Compared to the
traditional Rotman lens, the Chebyshev impedance transformer can realize good match between the
lens body and feed lines with shorter length. The smaller insertion loss can be obtained attributed to
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lower path loss of the Chebyshev impedance transformers.
Both the Chebyshev impedance transformers and linear tapered transition (θ = 12◦) can realize

good match between the lens body and feed lines in the X band. However, it is noted that the Chebyshev
impedance transformer has smaller size and lower insertion loss than the linear tapered transition
(θ = 12◦). It can be seen that the Chebyshev impedance transformers lead to a size reduction of about
56% for the Rotman lens.

3. EXPERIMENTAL RESULTS AND DISCUSSION

An X-band 4 × 7 Rotman lens using Chebyshev impedance transformers is designed and fabricated. A
photograph of the prototype is shown in Fig. 2. The prototype is tested for the purpose of demonstration.
The measured and simulated results are given and discussed in detail.

Figure 3(a) shows the measured and simulated return losses of beam ports B1–B4, which are in

(a) (b)

Figure 3. (a) Return losses of beam ports. (b) Isolations between beam ports.

(a) (b)

Figure 4. (a) Total insertion losses from beam ports to array ports. (b) Total insertion loss from the
beam ports to dummy ports.
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good agreement. The proposed Rotman lens shows a return loss better than 15 dB throughout the
bandwidth from 8 to 12 GHz. Fig. 3(b) shows the isolations between beam ports S21, S31, S41, and
S32. The isolations are under −15 dB over the frequency band from 8 to 12 GHz. Fig. 4(a) shows the
measured and simulated total insertion losses from beam ports B1–B4 to the array ports. Fig. 4(b)
shows the measured and simulated insertion losses from beam port to dummy ports. The proposed
Rotman lens has low insertion losses at 10 GHz.

Figure 5 shows the measured amplitude distribution and phase distribution across array ports of
the proposed Rotman lens at 10 GHz. The proposed Rotman lens exhibits taper amplitude distributions
and equal phase differences across the array ports, which is beneficial to reducing the sidelobe level of
the forming beams.

Array factor is an important parameter of the Rotman lens, which can provides beam direction,
angle, and level of sidelobes. Through the amplitude and phase data, the array pattern can be calculated
by the method in [4] at 10 GHz center frequency. The simulated array factors of the traditional Rotman
lens with different flare angles when B2 is active are shown in Fig. 6(a). The array factor results of the

Figure 5. Measured amplitude distribution and phase distribution across array ports.

(a) (b)

Figure 6. (a) Array factors of the traditional Rotman lens with different flare angle when B2 is active.
(b) The array factor results of the proposed Rotman lens.
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proposed Rotman lens are shown in Fig. 6(b). Compared to a traditional Rotman lens, the sidelobe
level of the proposed Rotman lens is smaller. The result shows that the proposed Rotman lens can
realize electronically controlled beam scanning from −30◦ to 30◦ in 20◦ increments.

4. CONCLUSION

In this paper, a compact microstrip Rotman lens is presented. The size reduction about 56% for
the Rotman lens is achieved by using a Chebyshev impedance transformer to replace the traditional
linear tapered transition. The microstrip transitions between the lens body and Chebyshev impedance
transformer are used to realize real resistances of the lens body apertures. An X-band prototype is
fabricated and measured to validate its performance experimentally. The return loss of better than 15 dB
throughout the bandwidth from 8 to 12 GHz and an insertion loss improvement at 10 GHz are obtained.
Consequently, the advantages of simple structure, easy processing, compact size, high efficiency make
it a good candidate for multi-beam antenna systems.
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