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1. Introduction 

The X-band complex permittivity of a commercially·available, carbon loaded, polyamide 
film is measured. Simple though approximate models are obtained which are shown to be 
necessary and suitable for analytic or computational modeling of thin absorbing 
structures realized with the thin lossy film. The utility of each model is tested against 
experimental results for thin high-impedance surface (HIS) enhanced Salisbury 
absorbers, enhanced in the sense that the HIS augmented absorber is much thinner than a 
conventional Salisbury absorber [I, 2]. 

2. Kapton XC® Resistive Film 

Kapton XC® is a commercially-available, carbon-loaded polyamide film manufactured by 
Dupont® [3]. Though these films are exceptionally durable and available in a range of 
surface resistivities, their effective permittivity is complex valued and, therefore, their 
sheet impedance is frequency dependent as is typical of carbon-loaded dielectrics [4, 5]. 
We have measured the X-band complex permittivity of Kapton XC® with a 
manufacture's quoted direct current (DC) sheet resistivity of approximately 370 a/sq. 
and thicknesses of 40.0 11m. The S-parameters of the sample was measured using the 
freespace system and techniques described in [6]. Assuming illumination by a normally 
incident uniform plane wave (UPW), the measured transmission coefficient S21 for an 
electrically thin high dielectric contrast film can be related to the complex permittivity of 
the film by a resistive boundary condition 

& =1-2j·_I_= (1)
r,ejJ S k 0 
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where ko ill [€oIlo] y, and 6 is the thickness of the film. The measured, relative effective 
permittivity given by Eq. (1) is then approximated by either a simple conductor model or 
a single term Debye type model [8] respectively: 
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Figs. I(a) and 2(a) illustrates the fit of the models to the X-band complex permittivity 
calculated with Eq. (1) from measured S21 data and provide the necessary parameters for 
Eqs. (2) and (3) in the captions. The approximate nature of the two simple models is 

mailto:brian.glover@lan1.gov


o r~~i (b)'50 

~ -5 
ell 

_~~ -10 

-.. = 
'" .9 -15 

l:l1i -20 r" "11~ ""~ 
-ISO -ISO 

-25 

L-~~~_~,~ ••~~~. -30 
8 9 10 II 12 8 9 10 II 12 

Frequency [GHz] Frequency [GHz] 
Figure 2. Fig. 2(a): The measured complex permittivity (blue dots) of 40.0 J.lm thick, 370 
a/sq., Kapton XC® vs. a single tenn Debye model (Eq. (3), green s~uares) with the 
following parameter values: ehf= 31.91, elf 1219.88, and r 1.466xlO-l

• Fig. 2(b): The 
measured (blue dots) and calculated (Eq. (7) green squares) reflection magnitude. Here 
the high- impedance surface is identical to that described in Fi§:; 3(a) and the permittivity 
of the Kapton XC® film is given by Eq. (3). The Kapton XC film is placed t = 2.392 
mm, 3.572 mm, and 7.142 mm above the plane of the high-impedance surface_ 
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Figure 3 Fig. 3(a): The measured and calculated reflection phase for a high-impedance 
surface consisting of square metal patches (D = 5.0 mm, W = 0.127 mm) on GML 1000 
substrate (er 3.2, d 0.762 mm). Note the sensitivity of Eqs. (4)-(7) to small changes in 
w. Fig. 3(b): The measured (blue dots) and calculated (Eq. (7» reflection magnitude 
where the Kapton XC® film is placed t 7.142 mm above the plane of the high
impedance surface. The high-impedance surface is identical to that described above and 
the permittivity of the Kapton XC® film is given by Eq. (3), and the simple conductor 
modeI3.45-j 67.57[weorl. 

4. Conclusions 

This study showed the need for relatively precise knowledge of the real part of a carbon 
particulate loaded, lossy thin film's permittivity in order to accurately engineer the 
reflection coefficient of high-impedance surface enhanced electromagnetic absorbers. 
Specifically, simple, approximate models can be obtained for the X-band complex 
pennittivity of commercially available, carbon loaded, 370 a/sq., Kapton XC® thin film. 
These simple, approximate models can be used in the analytic modeling of high
impedance surface enhanced X-band absorbers or computational modeling of other 
possibly more complicated absorbing structures which are composed, in part, of 370 
a/sq. Kapton XC® and designed to operate within the X-band. Finally, the results of this 
study illustrate the need for simgle models for calculating the complex permittivity 
spectra of 370 a/sq. Kapton XC over a relatively broad bandwidth (1-20 GHz) to 
facilitate accurate analytical and computational modeling. 
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obvious and provides motivation to investigate their utility in an analytic model of a thin 
absorber against experimental data for the same. 

3. High-impedance Surface Enhanced Absorber 

Previous work has shown that the reflection magnitude of a HIS absorber can be used to 
characterize the frequency dependent behavior ofa HIS [9, 10] provided the properties of 
the absorbing film are well known. Conversely, if the properties of the HIS are well 
known the engineering utility of the frequency dependent model of the film may be 
tested. Here we employ the accurate analytical model (See Fig. 3(a» for a square patch 
HIS [11]: 

ZH/S Zscd1 + ZscdZGr
l (4) 

ZG -jJZ"[OJSO(sr + l)Dln(. 1 / )rl (5)
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where Zsa '1Tan[dOJ [e,eo,uo] v,], and 'I = [,uo(e,eor1
] y, other necessary parameters are 

given in the caption of Fig. 3(a). If a layer of Kapton XC® covered ultra low dielectric 
constant structural material (er ~ 1) is placed above the HIS, an enhanced Salisbury 
absorber is obtained: 

2 __________~__ + ~- (6)
Z;np = Z/'10 'flo \Z f + ZH1S + ZSCL) + Z fZH/SZSa 

r = Zinp '10 (7) 
Z;np + 'flo 

where, Zsa = '1oTan[kot], Zf UWeo(sr,eff. -1)c5r1
, and r is the calculated reflection 

coefficient for a normally incident UPW. The results of Fig. 1 (b) and Fig. 2(b) about 8 
GHz suggest the need for accurate knowledge of the real part of the Kapton XC® film's 
effective permittivity for use in the analytical model of HIS enhanced Salisbury 
absorbers. In Fig. 3(b), we further demonstrate the necessity of obtaining models from X
band measurements of the complex permittivity. Specifically, Eq. (3) is compared to a 
simple conductor model where the real part is taken as the real part of the permittivity of 
unloaded Kapton, e'r = 3.45, and the DC conductivity, (]If 67.57, is taken from the 
manufacture's quoted sheet resistivity and thickness. The effect of the real part of the 
Kapton XC® film's permittivity on the center frequency of the absorber is pronounced. 
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Figure 1 Fig. l(a): the measured complex permittivity (blue dots) of 40.0 IJ1ll thick, 370 
a/sq., Kapton XC® vs. a simple conductor model (Eq. (2), green squares) with the 
following parameter values: e'r 47.06, and (]If = 74.65. Fig. 1 (b): Here the high
impedance surface is identical to that described in Fig. 3(a) and the permittivity of the 
Kapton XC® film is given by Eq. (2). The Kapton XC® film is placed t 2.392 mm, 
3.572 mm, and 7.142 mm above the plane of the high-impedance surface. 



Acknowledgement 
xxx. 

References 

N. Engheta, "Thin absorbing screens using metamaterial surfaces," in 2002 IEEE 
International Symposium on Antennas and Propagation, San Antonio, TX, Vol. 2, 
pp. 392-395, 2002. 

[2] 	 S. A. Tretyakovand S. 1. Maslovski, "Thin absorbing structure for all incident angles 
based on the use of a high-impedance surface," Microwave and Optical Technology 
Letters, Vol. 38, No.3, pp. 175-178,2003. 

[3] DuPont, Co., http://www2.dupont.com/Kapton/en_US/products/XC/index.htrnl. 
[4] K. T. Chung, A. Sabo, and 	A. P. Pica, "Electrical permittivity and conductivity of 

carbon black-polyvinyl chloride composites," J. App/. Phys., vol. 53, no. 10, pp. 
6867-6879, Oct. 1982 

[5] W. T. Doyle, "Electrical and optical properties of dense composites," 1. Appl. Phys., 
vol. 85,no. 4, pp. 2323-2329, Feb. 1999. 

[6] K. W. Whites and C. Y. Chung "Composite uniaxial bianisotropic chiral materials 
characterization: Comparison of predicted and measured scattering," J. of 
Electromagn. Waves Appl., vol. 1 1,371-394, 1997. 

[7] 	R. F. Harrington and J. R. Mautz, "An impedance sheet approximation for thin 
dielectric shells," IEEE Trans. Antennas Propagat., vol. AP-23, pp.531-534, Apr. 
1975. 

[8] A. Sihvola, Electromagnetic Mixing Formulas and Applications. London: IEE, 1999. 
[9] T. 	 Amert, B. Glover, and K.W. Whites,"Characterization of High Impedance 

Surfaces Using Magnitude Measurments ," IEEE Antennas and Propagat. Soc. Int. 
Symp.,vol. 1, pp. 640-643, 2005. 

[1O]S. Simms and V. Fusco, 'Tunable thin radar absorber using artificial magnetic 
ground plane with variable backplane," Electronics Letters, Vol. 42, No. 21, pp. 
1197-1198,2006. 

[11]0. Luukkonen, 	C. Simovski, G. Granet, G. Goussetis, D. Lioubtchenko, A. V. 
Raisanen, and S. A. Tretyakov, "Simple and accurate analytical model ofplanar grids 
and high-impedance surfaces comprising metal strips or patches," IEEE Transactions 
on Antennas and Propagation, Vol. 56, No.6, pp. 1624-1632, June 2008. 

http://www2.dupont.com/Kapton/en_US/products/XC/index.htrnl

