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Abstract

Two different types of FET mixer circuits have been developed for 6/4 GHz frequency translation for communications

sate I I ite transponder.

Gate mixer uses non-linear Id - Vg characteristic, with LO being iniecfed into the gate circuit, while in the drain mixer

the LO is iniected into the drain circuit and nan-linear Id - Vd characteristic is utilized.

Both circuits yielded conversion gains up to 3 dB over 500 MHz bandwidth. However, the noise figure of the drain mixer

as low as 4 dB was measured compared with 5.7 dB for the gate mixer.

When a sufficiently strong LO signal is applied to the

gate of an FET biased close to pinch-off, the drain current will

be modulated between zera and the saturation value Idss.

Simultaneously FET transconductance, gm, will also vary be

between zero and its peak value. Since gm remains fairly cons-

tant down to smal I values of the drain current, the gm wave-

form can be regarded as approximating a square-wave. For this

limiting condition, the intrinsic mixer conversion gain is given

by:

where, Cg -‘ is the time average of the gate-to-source

capacitance,

RD, Rg - drain and gate resistances.

For a typical 1 y gate FET this yields a conversion

gain of 7 dB at 6 GHz.

In the case of the drain mixer, the LO is iniected into

the drain circuit with resultant modulation of the drain resist-

ance between a low a nd high value corresponding to the satur-

ated electron flow in the channel. An accurate estimate of

the intrinsic conversion gain is more difficult in this case as

both the resistance and the transconduction are modulated.

Both types of the MIC mixer circuit are developed for

communications sate I I ite transponder application. The input

frequency range is from 5.925 to 6.425 GHz and the output

frequency is 3.7 to 4.2 GHz with LO frequency being 2.225

GHz.

The gate mixer circuit is shown in Figure 1. A diplexer

circuit, consisting of a bandpass filter for the signal and a low-

pass fi Iter for the LO is used in the common input to the gate.

A broadband signal matching circuit then follows while the LO

matching is done before the lawpass fi Iter. The broadband

outpu”t circuit matches the drain impedance to 50 ohm output.

In the actual transponder receiver, additional fi Itering is used

to further suppress the LO and its second harmonic in the output.

The drain mixer is shown in Figure 2. It consists of the

input and output matching circuits with a Iowpass filter for the

LO iniection to the drain. LO reiection in the output is par-

partial Iy accomplished by means of a quarter-wave open-

circuited stub.

The conversion gain of the two circuits is shown in

Figure 3. Although conversion gain of 6 dB was measured when

optimized for narraw-band performance, in good agreement

with the calculated intrinsic value, a reduction in the gain had

to be accepted when the circuits were broad-banded over the

required frequency range. The filter insertion losses are not

included in the curves shown. Typically, the conversion gain

will be reduced by 1 dB due to the insertion lass of the input

and output filter.

The noise figure of the two mixers is shawn in Figure 4.

The minimum noise figure for the drain mixer of 4 dB is only

1.3 dB higher than the noise figure of the FET in a 6 GHz

amplifier circuit.

It is interesting to note that the drain mixer hcss an

appreciably lower noise figure than the gate mixer. This is
probably due to the parametric upconversion of the low fre -

quency noise in the FET to the autput frequency, in the case of
the gate mixer. With the gate Schottky-barrier remaining i n

the reverse bias condition over the whole of LO cycle, the

variation of the depletion layer width results in the corres-

ponding capacitance modulation which leads to noise upcon-
versian. In the drain mixer, very I ittle gate capacitance

modulation takes place,

The third-order intermodulation distortion intercept

point of 16 dBm was measured. The group delay ripple,

including the contribution from the filters, was + 0.5 nsec.

The inband spurious product (2 fs -4 fLO) was 73 dB belaw

carrier at the output.
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