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�
ABSTRACT 





The third-order intermodulation distortion in small signal MESFET amplifier has been analysed by means of the Volterra series representation. Some of the results for reactively terminated amplifier ports at the second harmonic frequency are  presented hereby. It has been shown that the third-order IMD products are sensitive to the second harmonic reactances at the transistor input and output terminals.





1.  INTRODUCTION





Many nonlinear transistor models and analysis methods have been proposed in  literature. The Volterra series approach has been found to be very useful to predict the intermodulation distortion in GaAs MESFET small-signal amplifiers [1]-[3]. Using a complete MESFET model [3], the intermodulation distortion sensitivity to source reflection coefficient was related to the MESFET's stability. A second-order product in the low frequency feedback has been used in [2] to reduce the third-order intermodulation distortion. This paper presents some results showing how the source and load impedances affect GaAs MESFET third-order intermodulation distortion (IMD) level. 





2.  NONLINEAR ANALYSIS





In small signal operating conditions, the nonlinear transconductance (gate-voltage-dependent) and drain conductance (drain-voltage-dependent), can be modelled as two separate nonlinear controlled current sources. The capacitance Cgs is modelled as an ideal Schottky-barrier capacitance. At the operating 








frequency of 2 GHz, the transistor AT10650-5 is a conditionally stable element. Additional 1.4 nH source inductance is used to extend the allowable load impedance range. The passive matching circuit consists of a 50 W transmission line of variable electrical length, and a variable characteristic impedance quarter-wave transformer [1]. These variables can produce any desired impedances at the FET terminals (Fig.1.a). 
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Fig.1 Amplifier with matching circuits at input and output (a). Same amplifier with additional second harmonic circuits at input and output (b).











The matching circuit output impedance at the second harmonic frequency is always 50 W. Therefore the second-order distortion component has always the same effect on the third-order IMD. Additional elements in the matching circuit produce pure reactive component at 2w that is controlled by the transmission line length (Fig.1.b). A relatively small frequency difference (1 MHz) of the excitation signal components, allows the following approximations: Z(w1+w2)» Z(2w1)» Z(2w2). In the first step the MESFET amplifier was optimised  on the basis of maximum power gain to get the feeling for the third-order IMD optimisation process. After this first step, the amplifier parameters were: GT=16.07 dB, rin=0.77(38.0o, ro=0.77(21.6 o and (I/C)3=IP3-IP0= -80.6 dB. IP3 is power level at third order distortion frequency (2w1-w2)  or (2w2-w1) and IP0 is the fundamental frequency component power level.


	The constant I/C source impedance curves partly had the similar form as the circles of constant power gain (Fig. 2.a). 
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Fig. 2.a  Constant IMD curves in source impedance plane (basic matching topology)











These features demonstrate that IMD suffers small changes when constant gain is achieved with different source impedances. The output impedance plane displays slightly different curves, especially in angle between constant IMD and constant gain curves (Fig. 2.b).
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Fig. 2.b  Constant IMD curves in load impedance plane (basic matching topology)





Source and load reflection coefficients are initial values for minimum IMD optimisation (they do not include second harmonic matching circuits). With optimal ZS(w) and ZL(w), IMD improvement of 4 dB was achieved with 1.3 dB gain drop.


	 As the third-order nonlinear transfer function H3(w1,w1,-w2) depends on H2(w1,-w2), an attempt has been made to improve the third-order IMD by controlling the matching circuit parameters at 2w (2w»2w1»2w2). This effect exists in the input and output matching circuits as well, because of the external and internal feedback and Cgs nonlinearities. To investigate the input and output circuit of the second harmonic impedance effect on IMD, the I/C variations were analysed for the specific amplifier topologies (Fig. 1.b). Described second harmonic circuit topology was inserted in the maximum gain optimised amplifier input and output matching circuits. IMD improvement of 1.53 dB was achieved without gain change. The associated source and load reflection coefficients for first harmonic remain unchanged but the second harmonic source and load terminations are rin2=1(-104o and ro2=1(30.5o respectively. Investigating only the source second harmonic circuit behaviour (Fig.3.a), (output matching circuit with optimum circuit values) there exists a range with source terminations which is degrading IMD value. Out of this range of source impedances IMD remained nearly constant.
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Fig. 3.a  IMD (I/C)3 relation to source second harmonic impedance





	In case of the load second harmonic circuit impedance (Fig. 3.b), (input matching circuit with optimum circuit values) it can be shown a range with load terminations which is improving IMD value.
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Fig. 3.b  IMD (I/C)3 relation to load second harmonic impedance


Using the described topology, the changes in the I/C were found for pure reactive second harmonic terminations. 


	Finally the highest improvement regarding IMD can be achieved by adding the second harmonic circuits to the matching networks. This method results in IMD of 86.41 dB at 2 GHz which is 5.8 dB improvement with 1.3 dB gain drop. IMD curves for all four cases are compared in Fig.4.
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Fig.4 IMD curves for all termination possibilities 





	Proper terminations of input and output matching networks can significantly suppress or enhance the third-order IMD. There are many similarities between image recovery mixers [5] and the proposed method but the final results are quite different. The third-order IMD optimisation process results for minimal gain reduction and the I/C overall improvement. The final optimised amplifier parameters are: GT= 14.8 dB, rin=0.77(40.6o, ro=0.77(11.4o, rin2=1(-104.1o, ro2=1(o and I/C=IP3-IP0=-86.4 dB (DGT=1.3 dB, DI/C=5.8 dB). The results have been verified for this specific transistor model with an additional series feedback.





3. CONCLUSION





	The goal was to find the optimal load and source impedances that produce minimal third-order intermodulation distortion. The optimisation of ZS(w) and ZL(w) results in some I/C improvements. The paper points out the importance of matching circuits impedance control at the second harmonic. The method applied on the output circuit resulted in considerable IMD level improvement, while at the input circuit it can lead to IMD deterioration (Fig.3.a). The results could be of practical interest due to simple modifications of passive matching circuits.
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