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hH Using the ATF-10236 in Low Noise Amplifier Applications in the UHF through 1.7 GHz Frequency Range Application Note 1076 Introduction GaAs FET devices are typically used in low-noise amplifiers in the microwave frequency region where silicon transistors can’t provide the required gain and noise performance. There are, however, many applications in the frequency range below 2 GHz where the low noise figures and high gain of GaAs FETs can improve receiver sensitivity. Typical applications include low noise amplifiers (LNAs) in the 800 to 900 MHz frequency range for use in celluar telephone and pager applications and spread spectrum transceiver applications. Additional applications include the 1228 and 1575 MHz frequencies used for Global Positioning System (GPS) applications. Other applications include VHF mobile radio, IMMARSAT, and WEFAX, just to name a few.



tion. The designs are centered at 900 MHz and 1575 MHz, but can be scaled for any frequency within the region of 400 to 1700 MHz. Each amplifier has a usable bandwidth of about 30 to 40 percent.



special consideration needs to be given to the input circuit design and to the tradeoffs required to ensure low noise figure while still achieving moderate gain, low VSWR and unconditional stability.



Using a high-gain, high-frequency GaAs FET at VHF poses special problems. Of greatest concern is the problem of designing the amplifier for unconditional stability. Typically, GaAs FETs have greater gain as frequency is decreased, e.g., 25 dB maximum stable gain at 500 MHz. A second problem is that matching the typical microwave GaAs FET at lower frequencies for minimum noise figure does not necessarily produce minimum input VSWR.



Device Family



Achieving the lowest possible noise figure requires matching the device to Γopt (the source This application note describes match required for minimum two low-noise amplifiers that noise figure). At higher microuse the Hewlett-Packard ATFwave frequencies this will 10236 low noise GaAs FET generally produce a reasonable device. Both designs use identi- input VSWR, since Γopt and the cal circuit topology with the only complex conjugate of the device input reflection coefficient S11 differences being in the proper choice of three inductors depend- are usually close on the Smith Chart. At lower frequencies, ing on the frequency of opera-



This application note will discuss the use of the ATF10236 series of low noise GaAs FET devices. The device has a 500 micron gate periphery and is most suitable for applications in the VHF through 4 GHz frequency range. The device is tested for noise figure and gain at 4 GHz where it is typically used in satellite TVRO applications. The ATF-10136 is the premium device being specified at 0.6 dB maximum noise figure while the ATF-10236 is specified at a 1.0 dB maximum and the ATF-10736 is specified at a 1.4 dB maximum all at 4 GHz. Typically a three stage device lineup is used at C band with the ATF-10136 device being used as the first stage followed by the ATF-10236 followed by the ATF-10736. The higher noise figure of the second and third stages has minimal effect on the over all cascade noise
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figure. A three stage low-noise amplifier with greater than 30 dB of gain is generally required at C band to overcome filter/ mixer losses. While there is considerable difference in noise figure at 4 GHz between the three devices (i.e. 0.8 dB), the difference in the 1 to 2 GHz frequency range is less than several tenths of a dB. In actual circuits built on low cost FR-4 dielectric material, the ATF-10236 device is capable of a 0.5 dB noise figure at 900 MHz and a 0.75 dB noise figure at 1575 MHz. Most commercial applications at frequencies below 2 GHz generally do not require the high gain of a three stage cascade so generally a single stage LNA is used followed by a bipolar device or a silicon MMIC. Cascading the ATF-10236 with a 3.5 dB noise figure MMIC such as the MSA-0686, will still result in about a 1 dB noise figure LNA with 25 to 30 dB gain. The Hewlett-Packard ATF-10236 is supplied in the low cost commercial 0.100 inch “micro-X” metal/ceramic package. Examination of the data sheet reveals that the device is capable of a 0.6 dB noise figure at frequencies below 2 GHz with an associated gain of greater than 16 dB. The noise parameters and S-parameters of this transistor are summarized in Table 1.



Design Technique Obtaining the lowest possible noise figure from the device requires that the input matching network convert the nominal 50Ω source impedance to Γopt. This produces a deliberate impedance mismatch that, while minimizing amplifier noise figure, produces a high input



VSWR. The ideal situation is where Γopt is the complex conjugate of S11 (i.e., S11*). For this condition, minimum noise figure is achieved when the device is matched for minimum VSWR. This situation occurs predominantly above 2 GHz and tends to diverge at lower frequencies, where S11 approaches 1. High input VSWR has varying significance, depending on the application. Most noteworthy is the increased uncertainty of the noise figure measurement due to reflections between the noise source and amplifier input. Having a noise source with a very low output VSWR and one whose VSWR has minimal change between the “on” and “off” states will minimize this uncertainty. One such noise source is the Hewlett-Packard HP346A with a nominal 5 dB Excess Noise Ratio (ENR). Similarly, when the amplifier is connected to a receive antenna, high input VSWR creates added uncertainty in overall system performance. The effect is difficult to analyze unless an isolator is placed at the input to the amplifier. The use of an isolator, however, adds excessive loss and, at VHF frequencies, the size of the isolator is often prohibitively large.



several authors (References 1-3). Source feedback, in the form of source inductance, can improve input VSWR with minimal noise figure degradation. The drawback of utilizing source inductance is a gain reduction of up to several decibels. However, GaAs FET devices often have more gain than desired at low frequencies, so the penalty is not severe.



The effect of source inductance on amplifier input match is best studied with the help of a computer simulation. The microwave design simulation program from Hewlett-Packard EEsof called Touchstone™ is used to analyze S11 of the amplifier with the proposed output matching network. S11 was measured looking directly into the gate of the device with the source inductance added between the source and ground. With the AFT-10236 at 500 MHz, adding the equivalent source inductance of two 0.10 inch leads causes the value of S11 to decrease from 0.970 to 0.960. Angle remains relatively constant at about -20 degrees. Γopt remains relatively unchanged with the addition of source inductance. Comparing S11 to Γopt at 500 MHz now shows them to be nearly identical. The result is that minimum noise figure and minimum VSWR will coincide more closely To examine the alternatives, with one another when matching constant noise figure and conthe device for minimum noise stant gain circles can be configure. Plotting Γopt for the ATF10236 device from 450 MHz structed to assess the impact of trading increased noise figure for through 2 GHz in Figure 1 shows a decrease in input VSWR and a that Γopt lies very near the R/Z0=1 curve. This implies that corresponding increase in a series inductance will provide amplifier gain. In most inthe necessary match to attain stances, the result is a much minimum noise figure. higher noise figure than really desired. One option is to use The simplest way to incorporate source feedback. This subject source inductance is to use the has already been covered by
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Table 1. Scattering and Noise Parameters for the Hewlett-Packard ATF-10236 GaAs FET, Vds = 2 volts and Ids = 25 mA Scattering Parameters: Common Source, Zo = 50 Ω Freq GHz



Mag



S11 Ang



dB



S21 Mag



Ang



dB



S21 Mag



Ang



0.5 1.0 2.0



.97 .93 .77



-20 -41 -81



15.1 14.9 13.6



5.68 5.58 4.76



162 143 107



-32.8 -26.0 -21.3



.023 .050 .086



76 71 51



S22 Mag Ang .47 .45 .36



-11 -23 -38



Noise Parameters Frequency GHz



Noise Figure dB



Gamma Mag



Optimum Ang



Rn/50 normalized



0.5 1.0 2.0



0.45 0.5 0.6



0.93 0.87 0.73



18 36 74



0.75 0.63 0.33



parallel. With the help of Touchstone™, the effect of the lead inductance can be analyzed by simulating the inductance as a high-impedance transmission



2.0



1.0



device source leads. Using device leads as inductors produces approximately 1.3 nH per 0.100 inch of source lead, or 0.65 nH for two source leads in
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line. The TUNE mode is invaluable for determining the optimum lead length for a given performance. Table 2 shows the effect of lead length on gain, noise figure, stability, and input and output VSWR at 900 MHz. It is clear that lead lengths of 0.06 inch or less have a minor effect on noise figure while improving input match substantially. Gain does suffer, but this is not a major concern.
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0. 5



0.2



Figure 1. ATF-10236 Γo vs. Frequency at Vds = 2 volts and Ids = 25 mA.



An added benefit of using source inductance is enhanced stability as evidence by the Rollett stability factor, k. Excessive source inductance can have an adverse effect on stability at the higher frequencies. In the case of the 900 MHz amplifier, zero length source leads create potential instability at low frequencies while longer source lead length creates potential instability at high frequencies, i.e. 6.6 GHz. It is determined that 0.060 inch source lead length is an optimum choice based on all parameters. The optimum source lead length
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varies with frequency of operation. At 1575 MHz, 0.020 inch source lead length provides optimum performance with unconditional stability up to 12 GHz. Decreasing source lead length improves stability at 12 GHz while making k 
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