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Abstract—A method of synthesis of odd-order I/Q demodulators based on replacing the multistage

demodulation schemes with equivalent single-stage ones is proposed. The calculation of coefficients of

single-stage odd-order I/Q demodulator, which is equivalent to multistage scheme in terms of the

waveform of its amplitude-frequency characteristic (AFC), is based on the sample-wise analysis of the

process of forming the response of the demodulator output stage that involves the sampling the harmonic

signal voltages at the output of analog-to-digital converter (ADC). An example of synthesis of 11-sample

former of quadrature components is considered for illustrating the application peculiarities of the method

proposed for synthesis of odd-order I/Q demodulators. The comparative results of its AFC calculations

are presented. The analytical description of the response of the specified unit in terms of the coefficients of

even-order I/Q demodulators forming the multistage scheme has been derived. A number of regularities

intrinsic to coefficients of odd-order I/Q demodulators was established, including the regularities

characterizing the dependence of their dynamic range on values of weighting coefficients of the initial

multistage scheme.
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One of the important steps in processing the OFDM signals in receiving system is the formation of

voltages of quadrature components of signal mixture. For simplifying the hardware implementation of the

receiver analog segment, this operation can be performed in digital form using the so-called quadrature (I/Q)

demodulators that are known as I/Q demodulators [1–4].

The possibility of replacing the multistage circuits of quadrature demodulators (Fig. 1) with single-stage

equivalents is considered in [5]. This approach is based on achieving a rough match of amplitude-frequency

characteristics (AFC) of single-stage schemes of high order I/Q demodulators and their multistage

alternatives. For example, the AFC waveform of single-stage 16-sample I/Q demodulator with coefficients a

= 1, b = 79, c = 793, d = 2431, e = 3003, f = 1573, g = 299, h = 13 and that of two-stage circuit with 8-sample

I/Q demodulators having weighting coefficients a = 1, b = 11, c = 15, and d = 5 [4] almost coincide [6]. In this

case, the two-stage scheme provides a gain in suppressing the out-of-band signals by 2–3 dB at the edges of

transmission baseband.

In the general case, the specified similarity of AFC shapes is valid in comparing the two-stage M-sample

and single-stage 2M-sample even-order I/Q demodulators while using the same method of calculating the

coefficients. This fact stipulates the possibility of replacing the corresponding multistage schemes of

generating the quadrature components of signals (quadrature demodulation) with equivalent single-stage

schemes. However, the search for possible implementation of both the rough and identical replacement of

specified alternative demodulation circuits with simultaneous synthesis of odd-order I/Q demodulators is of

practical interest in selecting the specific implementation variants of I/Q demodulators.

The purpose of this paper is to develop the method for the calculation of coefficients of single-stage

odd-order quadrature demodulator, the AFC of which will be identical in terms of its AFC waveform to that

of the multistage scheme of building the even-order I/Q demodulators.
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