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Abstract—It is considered an influence of physical-topological parameters of controlled microstrip lines

where characteristics modification is achieved by signal electrode movement over the substrate on

effective dielectric permittivity and electromagnetic energy loss in the line expressed in form of complex

permittivity. There are stated the ways of increase of sensitivity of effective dielectric permittivity

modification to signal electrode shift and loss decrease. There are determined ultimate characteristics of

tuning and loss. There are represented calculations of transfer factor effective permittivity corresponding

to experimental results. These results can be used for development of controlled resonant elements and

phase shifters with application of electrically tunable micromovement devices, such as piezo- and

electrostrictive actuators or microelectromechanic systems. Due to application of invariant relations of

physical-topological parameters represented calculations are suitable for estimation of tuning factors and

loss of devices with micromechanical control in a wide range of operating frequency with application of

wide range of materials.

DOI: 10.3103/S0735272718020048

INTRODUCTION

Despite of progress in solid-state components for microwave band operation devices, research and

development of mechanically tunable microwave elements is not only actual problem [1] but it also becomes

more important with implementation of such promising technologies as micromechanical systems (MEMS)

[3] and 3D printing [3]. Controlled microstrip lines (MSL) are applied for creation of tunable microwave

devices as phase shifters [4] and filters [5, 6]. These constructions allow to achieve frequency and phase

tuning in wide range in case of conservation and sometimes improve of Q-factor which cannot be achieved

applying solid-state devices [7–9].

Operation principle of such returnable devices lies in modification of electric path of electromagnetic

wave which can be achieved by both modification of geometric dimensions of the devices parts and

modification of their effective parameters. In contrast to traditional way of tuning and retuning the last way

gives the possibilities for tuning realization with electromechanic method by means of piezodrivers and

MEMS.

For example, modification of effective dielectric permittivity � eff , and, hence, wave propagation

constant can be achieved by means movement off dielectric body over a surface of microstrip line or

coplanar line [10] or by movement of a dielectric body inside a waveguide [3]. Constructions described in

mentioned papers require moment of controlling bodies by units–tens millimeters for realization of required

phase shifts. The authors of the current research work over development of such mechanic tuning principles

that allow to achieve the required tuning factor in case of controlling body movement by tens micrometers

that allows directly applying of fast response piezodrivers.

In general case proposed tunable MSL consists of substrate and metallic electrodes one of them can move

over the substrate surface by controlled distance. Such line reconfiguration results in redistribution

electromagnetic field of propagated wave between the substrate and created air gap. As a result of such

redistribution the wavelength in the line is changed.

Micromechanic retuning can be realized with many ways. The great tuning range is achieved in devices

where the signal electrode moves in case of the last equal conditions [6] (Fig. 1).
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