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Intelligent Use of the Non Uniform Transmission Lines To Design Active and Passive Microwave Circuits M. BOUSSALEM, J. DAVID, F. CHOUBANI, R. CRAMPAGNE 6’TEL – SUP’COM -TUNISIA LEN7 - ENSEEIHT – FRANCE



Abstract - In this paper, we have used the non uniform transmission lines (NUTL) to design the output matching network of a non linear power amplifier. The immediate result, we have notified, is that harmonics are sharply reduced by such use of NUTL. On the other hand, we have applied cascaded NUTL to design filters by microstrip technology ; in order to get rid of harmonics in attenuated bands. Hence, we have optimised the profiles of the different elements of non uniform filter whose each element has the impact of removing harmonics of its adjacent element. 1. Introduction To improve the performance of microwave circuits and particularly the non linear active or passive circuits, we have suggested to introduce non uniform transmission lines due to their frequency behavior they can eliminate some undesirable frequencies. The analysis of such structures is given by a numerical calculation program based on the work of Hill, which consists in determining the general solution of the propagation distribution equation of the electric and magnetic field and to deduce the accurate model of the line. Therefore, several non uniform transmission lines with various profile (linear, exponential, hyperbolic) were analyzed. Their contribution to control, reduce and eliminate the harmonic frequency, generated by the non linearity of some active and passive microwave circuits, were experimentally validated. 2. Analysis of non uniforms transmissions lines In most propagation problems occurring in non uniform structures, the propagation equation can be put, handling some transformations, in the form of a Hill’s equation without a first derivative term[1]. d 2U (ξ ) + g (ξ )U (ξ ) = 0 (1) dξ 2 U(ξ), represents a voltage or one component of electric or magnetic filed, g(ξ) describes the non uniformity profile and ξ denotes the longitudinal coordinate. According to the Floquet theorem , the general solution U(ξ) is a combination of two linearly independent particular solutions U1 (ξ) and U2 (ξ) written as: U1 (ξ) = eµ1ξ.u1 (ξ)



(2)



U2 (ξ) = eµ2ξ.u2 (ξ)



(3)



U(ξ) = A.U1 (ξ) + B.U2 (ξ)



(4)



A and B are determined by the boundary conditions, µ 1 and µ 2=-µ 1 are the Floquet exponents. u1 (ξ), u2 (ξ) are π-periodical functions expressed by infinite sums of this form: +∞



u1 (ξ ) = ∑ C1, n .e j 2 nξ



(5)



+∞



and



−∞



u 2 (ξ ) = ∑ C 2 , n .e j 2 nξ −∞



Where C1,N and C2,N are the coefficients of Fourier series expansion of u1 (ξ) and u2 (ξ), respectively. The above equation (eq.1) can be solved in a systematic fashion by: A - First expanding g(ξ) in Fourier series : +∞



g (ξ ) = ∑ θ n e j 2 nξ −∞



(6) B - Second, truncating the infinite set of linear and inhomogeneous equations to solve for Floquet’s exponents. C - Finally, writing the general solution in terms of calculated coefficients and exponents as follows: +N +N (7) U (ξ ) = A.e µ ξ ∑ C1, n e j 2 nξ + B.e µ ξ ∑ C2, n e j 2 nξ 1



2



−N



−N



For that, the g(ξ) expansion combined with a particular solution (U1 (ξ) or U2 (ξ)) are inserted in equation (1) to obtain the resulting infinite set of equations: (µ + j 2n)2 .Cn +



p = +∞



∑θ



p = −∞



n− p



.Cp = 0



,



(8)



n∈Z



It is noteworthy that, Fourier coefficients θn of g(ξ) decay rapidly to zero, allowing hence the truncation of this series to a finite and low number of harmonics ensuring sufficient precision. According to H. Pointcarré and of L. Ince investigations [5], the determinant of the truncated system converges and may be written in the closed-form expression: ∆ (µ ) =



( e π µ − e π µ 1 )( e π µ − e − π µ 1 ) ( e π µ − e πξ 1 )( e π µ − e − πξ 1 )



With:



ξ1 = j θ 0



(9)



Floquet exponents, solutions of this equation, are found iteratively by canceling the determinant ∆ (µ 1,2) = 0, while the Ci,,n are assumed different from zero. Different NUTLs with several profiles have been analyzed using the Hill’s method. Their behavior in terms of reflection and transmission coefficients has been observed over a wide band of frequency. The effects of geometrical shapes have been assessed [7]. Results obtained of a simple lines and an exponential lines optimized to resonate at a fundamental frequency equal to 1 Ghz (Figure 1) are showed in Figure 2.
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Figure 1: profile of simple and non uniforms transmissions lines ___ Simple ---- Non uniform
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Figure 2: Frequency behaviour of simple and non uniforms transmissions lines Actually, the non uniform transmission lines have a frequency behaviour which strictly depends upon their forms and their profiles of non homogeneity. While the transmission structures resonate in a regular multiple of fundamental frequencies, the non uniform lines resonate on frequencies which are different from integer multiples of fundamental.



3. Applications of Non Uniforms Transmissions Lines 3.1 Design network matching



Lets consider an example of a power amplifier; we suggest to replace the simple lines in the input and output matching by a non uniforms transmission lines like shows in Figure 3. Simples lines (A)
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Figure 3: Different Configurations of power amplifier



The two circuits where strictly the same except the input and the out put matching witch be designed in configuration (A) by simple lines and in configuration (B) by non uniforms lines. The Process consists to design the matching by a LNUT in order to eliminate the amplitudes of harmonics frequency and have exactly the same behaviour in the fundamental frequency. We must check that this process do not modify the matching in and matching out of the power amplifier. 3.2 Design a Stop Band filters



Lets consider a Stop band filter designed by simples lines (Figure 4), we propose to replace the simple lines by non uniform transmissions lines witch must resonate at the same fundamental frequency and different harmonics (Figures5). L
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Figure 4: Stop Band filter designed by simple lines L
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Figure 5: Stop Band filter designed by non uniforms lines
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Figure 6: S12 Transmission Coefficient of Stop Band filters.



Transmission coefficient of simple and non uniform filter shows in Figure 6, with an appropriate optimization of W1, W2 , W3 , W4 and L1, L2, L3, L4; we be able to design a cut pass filter with harmonic suppression in the pass Band witch showed in Figure 6.



4. Conclusion The non uniform transmission lines have a frequency behavior witch depend on their geometric profile. This fundamental property was used for harmonic control in active and passive microwave circuits. The analysis of NUTLs using solution of Hill’s equation is achieved using an efficient iterative method based on Floquet exponents determination. Once voltages and currents are defined over each point x along the transmission structure, S-parameters and other pertinent features can be easily derived.
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