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Abstract

This paper describes a new microwave amplitude limiter with low AM-to-PM conversion using a class A

GaAs FET amplifier. It has been experimentally established that this limiter is applicable for use with

200 Mbits /see 4-phase PSK signals or 2700-channel FDM-FM signals.

Int reduction

Gallium Arsenide Schottky-barrier gate field

effect transistors (GaAs FETs) have inherently

excellent high-frequent y and low-noise capabilitiess

and have a wide range of applications including their

use in low-noise amplifiers.

This paper describes a new application of GaAs

FETs in a microwave amplitude limiter by utilizing

the output power saturation of a class A GaAs FET

amplifier. Microwave amplitude limiters are re -

quired for signal proces sing under constant amplitude

conditions, for suppres sing AM components before

direct demodulation of the microwave FM signals, or

for keeping the burst signal level constant in TDMA

type satellite communication receivers. In these

cases, wide dynamic ranges, adequate AM suppres-

sion, and low AM-to-PM conversion are required.

The 1.7 GHz, 4 GHz, and 7 GHz limiters deve-

loped by using GaAs FETs had as low an AM-to-PM

conversion as 1.5 degrees /dB or less and provided

excellent performance for the transmission of 1.7 GHz

200 Mbits /see 4-phase PSK signals or 7 GHz 2700 -

channel FDM-FM signals. The limiter characteristics

of a silicon bipolar transistor amplifier and a tunnel

diode amplifier are also shown for the purposes of

comparison.

Limiting Action of GaAs FETs

When a class A GaAs FET amplifier undergoes

saturation, the output drain current or voltage, which

varies along the load line and reaches the saturation

region or cutoff region of the FETs, receives ampli-

tude limitation within a range determined by the drain

current or voltage at the cross point of the load line

and the saturation region or cutoff region, exhibiting

a limiting characteristic . In GaAs FETs, the majority

carrier flow is c ont rolled by the input voltage applied

to the Schottky-barrier gate and no such minority

carrier storage effect as exhibited by bipolar tran-

sistors in the saturation region is involved. In both

the cutoff region and the active region, the Schottky -

barrier junction is reversely biased and the gate-

source capacitance e which varies with the input level

is essentially very small. Accordingly, the rise time

delay and fall time delay are basically determined by

the time constant of the equivalent circuit and not by

input level variations.

In addition, GaAs FETs have excellent isolation,

and therefore, very small leakage signals do not

affect the amplitude and phase of the amplified and

limited signal.

Thus the limiting characteristic can be con-

sidered good while the AM-to-PM conversion can

be considered very small.

Performance

The limiter circuit discussed here forms a

class A amplifier in common source operation as

shown in Fig 1. The limiter uses a packaged GaAs

FET with a 1 pm gate length (V244, Nippon Electric

Company) and is composed of micro strip input and

output circuits on a teflon fiber glass circuit board.

The output power vs. input power characteristic,

AM-to-PM conversion and high- speed waveform

response of the 1.7 GHz 4-stage limiter are shown in

Fig . 2 (a) and (b). The dynamic range of the limiter

is as wide as 35 dB from -25 dBm to +10 dBm in input

power, At an input power of -20 dBm an AM suppres-

sion of more than 20 dB is obtained. The AM-to-PM

conversion is less than 1 .5 degree s/dB over the entire

range below the input power level of O ciBm in a

200 MHz band of 1.6- 1.8 GHz The output waveform

completely follows the high- speed input waveform

amplitude -modulated by 20 dB. Fig. 3 shows the

measured bit error rate for a 200 Mbits /see 4-phase

PSK signal and the measuring system used. The deg-

radation due to the use of 1 7 GHz GaAs FET limiter

is 0.2dB in C/N. C /N degradation caused by a con-

ventional 2- stage reflection type tunnel diode limiter

and that caused by a limiter using a 5- stage bipolar

class A amplifier in the saturation are also given for

the purposes of comparison. The AM suppression of

the tunnel diode limiter was about 10 dE! and that of

the bipolar transistor limiter was about. 15 dB.

Although the C /N degradation of the tunnel diode

limiter was nearly equal to that of the GaAs FET

limiter, the C /N degradation of the bipolar transistor

limiter was as bad as 1.7 dB at a bit error rate of 10-7.
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Fig . 4 (a) and (b) show the characteristics of the

2- stage GaAs FET limiter and 3-stage bipolar tran-

sistor limiter in the 4 GHz band for comparison.

Of the limiters using saturated c,utput amplifiers,

the GaAs FET limiter is found to be much better than

the bipolar transistor limiter for AM suppression,

dynamic range, and AM-to -PM ccmve r sion.

Fig. 5 (a) and (b) show the noise figure vs. input

powei-and output power vs. input power characteristics

of a 8 -stage 7 GHz limiter. The ~srnall signal gain of

this limiter is about 75 dB and the output power vari -

ation in the -50 dBm - 0 dBm input power range is

less than 0.2 dB. The noise figure of the limiter is

less than 5 dB at an input power level below -20 dBm,

which demonstrates that the limiter is a low-noise

limiter. The FM signal transmission characteristic

of the limiter having the output VS. input power char-

acteristic shown in Fig. 5 is shown in Fig. 6 (a) and

(b) . The variation of 2 MHz differential gain over a

-50 dBm - 0 dBm range is about O. 05~0 /MHz, which

shows that the AM-to-PM conversion is extremely

small. When an input of -20 d13m is applied, the

AM-to-PM conversion measured Iby using the dynamic

method, 1, 2 is O. 6 degree /dB. The noise loading

test of 2700 channels shows that the intermodulation

noise due to the limiter is 4 pW at the top channel

(1 1700 kHz) for a relative loading level of O dB.

A continued test conducted over 1000 hours for

4 GHz amplitude limiters using ‘GaAs FETs (V 244)

showed no characteristic deterioration. It can thus

be concluded that there is no problem in the relia-

bility of the amplitude limiter using the output satu -

ration of a class A amplifier.

Conclusion

A microwave amplitude lizmite r which utilizes

the output $aturation of a class A GaAs FET amplifier

is recommended. It has been prc,ven that this limiter

is applicable for high quality triinsrnission of

200 Mbits/see 4-phase PSK signals or 2700-channel

FDM-FM signals .
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