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Abstract
The quasi-optical linearizer design is based on the adaptation of conventional linearizer circuit components into
quasi-optical based components. Presented here are two of the main components needed for the implementation of
the quasi-optical linearizer; the linear-to-circular polarization converter and the phase shifter. The linear-to-circular
polarization converter consists of five cascaded metal grids and provides an axial ratio of 1.44 dB at 4.12 GHz.
The proposed design for the quasi-optical phase shifter is discussed. Preliminary simulations suggest a relative
phase difference between linear and nonlinear paths of 15° to 30° is possible.

INTRODUCTION

Currently devices known as traveling wave tubes (TWT) are used to provide the microwave or millimeter-wave
power needed for space communications. However, TWTs have several drawbacks. They require large amounts of
DC power, are bulky, and have limited lifetimes. In a satellite designed to utilize only a limited amount of power
the TWT is somewhat impractical. Launch expenses are determined by the overall weight of the satellite; bulkiness
of the TWT will add to the cost. The limited lifetime of the TWT presents a key obstacle in system reliability.

One appealing altemative to the TWT is to use of solid-state devices as a microwave or millimeter-wave power
source. Solid-state devices consume low amounts of DC power, are very light weight, and have a relatively long
lifetime. However, it is difficult to obtain high power outputs using solid-state devices. Quasi-optical power
combiners [1], a relatively new architecture in microwave and millimeter-wave circuit design has overcome the
problem of low output power of solid-state devices. Quasi-optical circuits combine the power of numerous solid-
state devices by arranging them on a grid-shaped radiating structure to achieve a high overall power output. The
power of each individual device adds to the collected power in lossless free space rather than in transmission lines or
waveguides.

Many of the necessary quasi-optical components needed to realize a telecommunication system (oscillators,
mixers, and amplifiers} have been thoroughly investigated. Among these, probably the most important component
is the amplifier. Considering the vast distance that a signal must travel from its source in space to an Earth-based
receiver, the transmitted power must be as high as practically possible. Since DC power consumption becomes a
major concern in the design of satellites, the payload electronics must be very efficient in consuming this limited
resource.

Driving the amplifier to its maximum output power capacity, also known as its saturation point, offers the highest
DC-RF power conversion efficiency. However, this comes at the price of signal distortion. Ideally the amplifier
gain should be linear. When an amplifier is driven into the nonlinear region the amplifier suffers both amplitude and
phase distortion. One obvious solution to this problem is to simply not drive the amplifier into saturation; this is
referred to as “back off.” But this technique results in decreased output power and efficiency.

The amplitude and phase distortion generated by an amplifier makes it difficult or in some cases impossible to
receive data reliably. Signals are relayed from transmitter to receiver using various types of modulation schemes in
which the data is encoded in the carrier signal's amplitude, phase, and frequency. Since modulation schemes based
on the encoding of both amplitude and phase are more power-efficient and bandwidth-efficient than frequency
modulation techniques, it is crucial to maintain both amplitude and phase linearity.

One method of counteracting the amplifier-induced distortion is known as predistortion linearization [2]. A
predistortion linearizer is designed to have the inverse amplitude and phase characteristics of a given amplifier.
Predistorting the input signal to the nonlinear amplifier results in an overall output signal that is linear. To
implement the characteristics needed for the predistortion linearizer, the signal is first spilt into a linear and
nonlinear path See fig. 1. Power transmitted through the nonlinear path experiences attenuation, power limiting, and
phase shifting. When power from the nonlinear and linear path recombine, the desired linear output is achieved.

Predistortion linearizers have been investigated in classical microwave and millimeter wave circuit design for at
least a decade. The objective of this research is to develop a quasi-optical version of the linearizer. To implement a
quasi-optical based linearizer, free-space versions of the components shown in fig. 1 must be designed. See fig. 2.
The free-space analog of the 90° hybrid is the linear-to-circular polarization converter. This polarization converter
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Fig. 1: A common block diagram implementation of the predistortion linearizer,
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Fig. 2: Proposed quasi-optical linearizer.

can also be used to implement the attenuation function by slightly adjusting the design of the linear-to-circular
polarization converter to provide linear-to-elliptical polarization. The phase shifter can be implemented using an
array of varactor diodes. Finally, the limiter component can be realized by using an array of anti-parallel diodes.

This paper will present the design and measutrements of two of the three components; the linear-to-circular
polarization converter and the phase shifier, '

LINEAR-TO-CIRCULAR POLARIZATION CONVERTER

Like the 90° hybrid used in conventicnal linearizers, the function of the linear-to-circular polarization converter
is to separate the input signal into two different paths. However, in contrast to conventional linearizer design the
two paths arc not simply two different wire connections, but instead two different polarizations. The polarization of
an electromagnetic plane wave describes the direction of its electric field vector, Linear polarization occurs when
the electric field vector exists only in a single plane orthogonal to the propagation direction of the plane wave.
Circular polarization is defined as the condition where the electric field vector rotates about the plane wave
propagation vector. The electric ficld vector remains at constant amplitude while tracing its circular path. This
implies that signal power measurements taken vsing a rotating polarization-dependent antenna will have constant
amplitude; each polarization angle receives the same amount of power. Two polarization angles are chosen; one to
act as the nonlinear path and the other to act as the linear path, The following linearizer components (phase shifter,
limiter) can be designed to only affect the signal travelling in the nonlinear path polarization while not affecting the
signal travelling in the linear path.

To convert a linearly polarized wave into a circularly polarized wave the electric field vector must first be
separated into orthogonal components. These orthogonal vector components are made to have a 90° relative phase
shift using capacitive and inductive clements. The necessary amount of phase shift can be achieved using a metal
grid pattern. Depending on the dimensions, spacing, and configuration of the pattern the incident electromagnetic
wave will experience phase shifting as well as insertion loss.

An incident electromagnetic wave with its electric field vector positioned 45° off the metal grid pattern axis can
be represented as two equal electric field vectors, one which is perpendicular to the pattern, and the other parallel to
the pattern. These two orthogonal components experience different phase shifts and insertion losses. Due to the
pattern configuration, the perpendicular electric field component experiences a negative or “capacitive” phase shift,
and the parallel component experiences a positive or “inductive,” phase shift. A number of grids are cascaded to
provide the 90° relative phase shift as well as to equalize insertion loss between orthogonal components to achieve
circular polarization.

GAP (Grid Analysis Program) [3], a program that simulates the transmission and reflection characteristics power
of planar metal patterns, was used to design the dimensions and characteristics necessary for our application. Using
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