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Abstract 

The response of multi-layered chiral filters is investigated at oblique incidence. It is found 

that there is a slight degradation with respect to the same filter operating at normal inci­

dence. A possible application is proposed for this device: a reflector or a subreflector fed 

at two different frequencies by two feeds situated on each side of a multi-layered chiral filter 

functioning as a frequency selective surface. The response of this device is well-behaved and 

is similar for TE and TM modes. 
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1 Introduction 

The theory of thin-film optical dielectric filters is well established [1]. The multi-layered chiral 

filters response in the microwave frequency range has been studied at normal incidence by Cory 

and Rosenhouse [2). These devices are intended to replace their dielectric counterparts [3, 4), when 

the synthesis of the latter has yielded values of refractive indices which are not available, and, 

what is more, they are able to rotate the plane of polarization of the transmitted wave by a given 

angle. These features are due to the extra degree of freedom provided by the chirality admittance. 

The purpose of this communication is to study the response of the multi-layered chiral filters at 

oblique incidence and to propose a possible application of these devices. The reflection and the 

transmission coefficients of chiral slabs and of multi-layered chiral structures have been studied 

intensively [5, 6, 7, 8). Our study is based on a full-wave analysis due to Altman and Cory [9), 

from which practical designs have been derived for various chiral devices [10). In this analysis, 

the roots of the Booker quartic appearing in the expressions of the reflection and the transmission 

coefficients are simply replaced by the wave numbers of the circularly polarized waves propagating 

in each slab. This filter is an additional device turning to account the useful properties of chiral 

materials for engineering purposes [11, 12). 

2 The Filter Response at Normal Incidence 

At the basis of our method (2) is the requirement that the characteristic impedances and effective 

widths of the slabs composing the equivalent chiral :filters be equal to those of the corresponding 

dielectric filters. The characteristic impedance of a slab is given by Z = Jµ/(c + 12µ) while 

its effective width is given by EW = w0 Jµc+ry2
µ

2 d/21r, where d,c,µ, and 'Y are its width, 

permittivity, permeability and chirality admittance, respectively, w0 being generally the central 

frequency in the frequency range under consideration. For a dielectric slab, , = 0, evidently. The 

width of the chiral slab is normalized in such a way as to secure an equivalent dielectric slab with 

an identical impedance Z so that the two slabs possess the same reflection coefficient at normal 

incidence [2), whence the chiral filter bandwidth is identical to that of its dielectric counterpart. 

It is possible to determine the angle of rotation of the plane of polarization of the electromagnetic 

wave emerging from the chiral filter, by a suitable choice of the signs of the chirality admittances 

of the various slabs constituting it. An accurate model which considers lossy frequency-dependent 

parameters [13) has been used to design a wide stop-band filter, whose features are given in Table 1. 
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Number of layer 1 2 3 4 5 6 7 8 

Relative permittivity 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 

Effective width 0.1712 0.788 0.25 0.25 0.25 0.25 0.25 0.25 

Chirality admittance 11.9 -11.9 -7.7 5.3 -3.6 2.5 -1.7 1.1

[mmho] 

Table 1: The parameters of the layers constituting a chiral filter having a substrate of relative 

permittivity 2.31 and resulting in a zero rotation coefficient. 

3 The Filter Response at Oblique Incidence 

The filter described in the previous section has been designed for normal incidence. The filter 

response (transmittance and polarization), will be different at oblique incidence. The change in 

transmittance is due to a change in the layers effective width and to a change in the reflection and 

transmission coefficients at the layers interfaces. At oblique incidence, the effective width is larger 

so that the filter central frequency tends towards lower frequencies. In the region surrounding a 

normalized frequency equal to one, the change in frequency does not modify the filter response so 

that the observed effects are due only to the changes of the reflection and the transmission coeffi­

cients at the layers interfaces. The filter response (transmittance) as a function of the normalized 

frequency is given in Fig. 1 for various angles of incidence in the TE and the TM modes. 

4 Application 

A frequency selective surface (FSS) is a device that transmits or reflects specific frequency band­

widths. At microwave frequencies the usual implementation of the device is by thin metallic periodic 

patterns lying on a supporting substrate. Its main drawback is that its performance is impaired by 

absorption and reflection effects. On the other hand, the implementation of the device by chiral 

layers is simple, and is much less sensible to these drawbacks. A practical application of the device 

is given as follows: a reflector or a subreflector can be fed at two different frequencies (!1 and h) by 

two horn feeds situated on each side of a FSS as shown in Fig. 2. The device must strongly reflect 

at Ji and strongly transmit at h in order for this configuration to constitute an effective frequency 

selective surface. At a given angle of incidence, the reflection or the transmission coefficients are 

identical when impinging on either side of the surface, for a filter having a symmetric structure. 

We shall analyze a thirteen-layers filter having the parameters described in Table 2. The angles of 

incidence are 15° , 20° and 25° , and the modes of propagation are TE and TM. The losses have been

calculated for the parameters Ke = 0.005 and K'Y = 0.01 where K, and K'Y are the ratios of the 

imaginary parts to the real parts of the permittivity and of the chirality admittance, respectively. 

The transmittance and the reflectance of the above mentioned filter are given as a function of the 

normalized frequency in Figs. 3 and 4 for TE and TM modes. 
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Number of layer 1 2 3 4 5 6 7 8 9 10 11 12 13 

Relative permittivity 3 2 3 2 3 2 3 2 3 2 3 2 3 

Effective width 0.125 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.125 

Chirality admittance 3 0 -3 0 3 0 -3 0 3 0 -3 0 3
[mmho) 

Table 2: The parameters of the filter used for the configuration shown in Fig. a.

5 Conclusion 

The response of a multi-layered chiral filter has been investigated at oblique incidence. We have seen 

that for a filter which has been properly designed at normal incidence, there is a slight degradation 

when the angle of incidence grows. But in some cases, as in the above-mentioned application, 

oblique incidence is required. The response is slightly better for lower angles of incidence, but 

anyhow, it is remarkably well-behaved and serves its purpose as expected. Finally, it should be 

noted that the response is very similar for TE and TM modes, which is a very desirable feature of 

the device. 
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Research at the Technion for supporting this research. 

4 



References 

[1] McLeod, H.A., 1986, Thin film optical filters, second edition, Adam Hilger Ltd., Bristol, pp. 1-

519. 

[2] Cory, H. and Rosenhouse, I., 1997, Multi-layered chiral filters, Electromagnetics, vol. 17, no. 4,

pp. 317-341. 

[3] Sun, L. and Bornemann, J., 1992, Design of frequency-selective surfaces formed by stratified

dielectric layers, 1992 IEEE-APS Int. Symp. Dig., pp. 408-411. 

[4] Bornemann, J., 1993, Computer-aided design of multilayered dielectric frequency-selective

surfaces for circularly polarized millimeter-wave applications, IEEE Trans. Ant. Prop., vol. 41, 

no. 11, pp. 1588-1591. 

[5] Bassiri, S., Papas, C.H. and Engheta, N., 1988, Electromagnetic wave propagation through

a dielectric-chiral interface and through a chiral slab, J. Opt. Soc. Am. A., vol. 5, no. 9, pp. 

1450-1459. 

[6] Viitanen, A.J., Lindell, I.V. and Sihvola, A.H., 1991, Generalized WKB approximation for

stratified isotropic chiral media with obliquely incident plane wave, Joum. Electr. Waves 

Appl., vol. 5, no. 10, pp. 1105-1121. 

[7] Ali, S.M., Habashy, T.M. and Kong, J.A., 1992, Spectral-domain dyadic Green's function in 

layered chiral media, J. Opt. Soc. Am. A., .vol. 9, no. 3, pp. 413-423. 

[8] Jaggard, D.L. and Sun, X., 1992, Theory of chiral multilayers, J. Opt. Soc. Am. A., vol. 9,

no. 5, pp. 804-813. 

[9] Altman, C. and Cory, H., 1969, The generalized thin-film optical method in electromagnetic

wave propagation, Radio Science, vol. 4, no. 5, pp. 459-470. 

[10] Cory, H. and Rosenhouse, I., 1992, Some applications of multi-layered chiral structures, Elec­

tron. Letters, vol. 28, no. 11, pp. 1051-1053. 

[11] Lindell, I.V., Sihvola, A.H., Tretyakov, S.A. and Viitanen, A.J., 1994, Electromagnetic waves

in chiral and bi-isotropic media, Artech House, pp. 1-332. 

[12] Cory, H., 1995, Chiral devices - an overview of canonical problems, Jov.rn. Electr. Waves Appl.,

vol. 9, no. 5/6, pp. 805-829. 

[13] Bahr, A.J. and Clausing, K.R., 1994, An approximate model for artificial chiral materials,

IEEE Trans. Ant. Prop., vol. 42, no. 12, pp. 1592-1599. 

5 





0.58 

0.56 

0.54 
0) 

g 0.52 

E 0.5 

� 0.48 

0.46 

0.44 

0.42 

0.4 
0.5 

0.58 

0.56 

0.54· 
0) 

g 0.52 
tU 
:t:I 

·E 0.5 
Cl) 
C: 

� 0.48 

0.46 

0:44 

0.42 

-.::7 

TE Transmittance 

0inc = 0°

0inc = 5°

8inc = 10°· 

1 
Normalized Frequency 

a 

TM Transmittance 

9inc = 10°

9inc = 0°

1.5 

0.4 ����������-'---��������-----! 

0.5 1 
Normalized Frequency 

b 
Figure 1 

1.5 



Figure 2 



Transmittance of TE waves · 
1 

0.9 

0.8 

0.7 
(]) 

g 0.6 
0i = 20

° 

.E 0.5 

� 0.4 

0.3 

0.2 

0,1 

0 
0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 

Normalized Frequency 

a 

Reflectance of TE waves 
1 ...-----..-----.---.....---r-----r--.....-----.----, 

0.9 

0.8 

0.7 

e o.6 
C 
(U �.0.5

0:: 0.4 

0.3 

0.2 

0.1 
0 i=--==--..1.--..1..---L-----'---'----'-----'

0.8 0.85 0.9 0.95 1 1.05 1.1 · 1.15 
Normalized Frequency 

b 

Figure 3 



Transmittance of TM waves 
1 ,---"""T----.---...-----.---.----.----.-----, 

0.9 

.·o.a�\ 
0.7' \\\. 0i=I5° 

(I) g 0.6 

.E 0.5 
(I) 
C: 

� 0.4 

0.3 

0.2 

0.1 

�\' -
�\ 8i = 20° 

� � 0i = 25' 

� 

\� � oL__._ _ ___.__--'--=��:::c==::i:::::'.:�=--_J
0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 

1 

0.9 

0.8 

0.7 

e o.6 
� ·  

� 0.5 

cc: 0.4 

0.3 

0.2 

0.1 

0 
0.8 0.85 0.9 

Normalized Frequency 

· a

Reflectance of TM waves 

Si= 15° 

0i = 20° 

0i = 25° 

0 .95 1 1 .05 1 .1 1 .15 
Normalized Frequency 

b 

Figure 4 



'· 

"·"),./ 

The Center for Comm,mication and Information Technologies (CCIT) 
' . 

is managed by the Department of ElectricalEngineering. 

This Technical Reporfislisted also as 

EEPUl3 #1264, November 2000. 


	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	cover1



