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Abstract 
 

This new transistor will make it possible to achieve signal to noise ratio improvements of 
up to 15 dB ( six times more link distance) for systems where the antenna looks sky ward.  Using 
this type of low noise pHEMT device for on the horizon links insures that the telemetry link will 
be limited only by the natural thermal radio back ground noise and not by the receivers noise.  
 
 

INTRODUCTION 
 
For the most extreme cases in telemetry one must lower the RF links receiver noise figure to 
extend the link range to its maximum.  The fundamental limit to such a link is the antenna noise 
temperature which depends on the temperature of objects in its radiation pattern.  For this Low 
Noise Amplifier (LNA) we will focus on sky looking systems. This LNA will be useful in 
receiving satellites, aircraft or balloon transponders. More uses might be in radio astronomy, and 
SETI arrays. Terrestrial antennae have a high noise floor due to the microwave black body 
radiation of the earth at 310 Kelvin, which often fills its entire radiation pattern. Such terrestrial 
systems will not be improved much by an LNA offering less than 1.5 or 2 dB noise figure (NF). 
Because the NF is so low (~0.15 dB) this LNA is best specified in degrees Kelvin noise 
temperature (10 Kelvin). The conversion equation for noise figure to LNA noise temperature:    
 
Equation  (1.) NT=290*(10^(NF/10)-1)  (eg. 0.15 dB NF= 10Kelvin) 
 
Where:  NF= the LNAs’ Noise Figure in dB   

NT=the LNAs’ equivalent Noise temperature in degrees Kelvin 
 
Just how low of a noise temperature is useful will be determined by the radiation pattern of the 
receive antenna. This will include any conductive ground sheet or shrouds used to shield any 
black body radiation from the earth. For sky looking systems it may also be desirable to design 
an antenna radiation pattern to avoid (<10 degrees) low elevation angles. Having a null in the 
antennas radiation pattern just below the horizon will eliminate most terrestrial man made 
interference sources.  RF noise from the absorption and radiation of a thick atmospheric column 
can be avoided if the first 10 or 20 degrees of elevation can be blocked out of the antennas 
radiation pattern. If one uses this LNA for systems looking below 20 degrees elevation then the 
maximum link range will be limited by the natural noise sources, and not by the receivers system 
noise temperature.  
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 The atmospheric noise is a function of temperature, frequency, pressure, and transparency.  At 
1.5 GHz this can be made worse by water or smoke in the air. These clouds can attenuate and 
radiate at their physical temperature. Usually this means that for a sky looking antenna, the worst 
case receiver antenna noise temperature can be as bad as 200 Kelvin, or as good as 2 Kelvin for a 
clear sky at zenith.   
 

 
 
Figure 1. Atmospheric noise as frequency and zenith angles (0,5,10,20,30,60, & 90 degrees) [2] 
 
 

A Non Cryogenic, 15 Kelvin NT , Low Noise Amplifier 
 
As indicated by Figure 1, when a receive antenna is pointed less than 20 degrees above the 
horizon, the atmosphere will limit how low the system noise floor is for a system using this  
pHEMT LNA with 10-15 Kelvin equivalent noise temperature.  I have settled on this level of 
amplifier noise level due to the fact that this amplifier does not require any cryogenic cooling. 
This provides exceptionally good receiver sensitivity without the high cost of cryogenic cooling. 
This system model does not include any band pass filter, or transmission line loss, and the 
antenna is assumed to be efficient. Even though the pHEMT is at 290 K, it has an equivenant 
noise temperature of only10 to 15 Kelvin due to the high conductivity of the pHEMT channel. If 
one did choose to cool this LNA to say 77 Kelvin using liquid Nitrogen, then the improved noise 
temperature would be around 3-5 Kelvin and it should require a new matching configuration. [1] 
This may not be worthwhile given that there are actually other losses and external noise sources 
(like side lobe pickup) that would still dominate the system antenna noise temperature.  
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Figure 2.a dB gain and S11    2.b NF dB and K>1 in band 
 
The gain is seen in the top curve of figure 2a and is plotted using the left hand axis. The lower 
curve shows the output return loss on the right hand axis. The dynamic range of the LNA is very 
high. However, adding an input band pass filter with low loss would yield even higher dynamic 
range due to the noise bandwidth limiting as well as stopping any out of band (jamming) 
saturation. A suspended strip line band pass filter was designed having <<0.1 dB loss, which 
may later be integrated into the input impedance or optimum noise matching circuit. Narrower 
band width LNA matching was tried but there was no improvement in noise temperature. This 
narrow match was not shown here in order to focus on an LNA useful for the wide band general 
case.  The criteria for choosing the bandwidth of the LNA matching was that it should offer the 
lowest possible noise temperature and stability. That is how I arrived at 1.2-1.7 GHz the low 
noise (<15K) bandwidth seen in figure 2b. The noise figure is the bottom curve which shows 
how at 1.3 GHz the noise figure dips to 0.15dBNF which is 10degrees Kelvin. At the same time 
the stability factor (K) is always above one. Limiting the band to say 1435-1540 MHz with a 
band pass filter would improve the dynamic range by > 4 dB. In any case, the stability factor is 
always K>1, meaning that connecting a filter to a port always yields no danger of oscillations. If 
one wishes to use a filter at the input, then the noise matching and stability factor should be 
carefully checked using noise and stability circles on the Smith chart. These functions were in 
the Ansoft Designer software. 
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Figure 3.a   Package used for pHEMT LNA    b.  LNA  schematic 
 
The amplifier design was first planned using Radio astronomy experience, intuition and Smith 
charts.  Later, the design was verified and improved using Ansoft Designer [3].  This LNA uses 
the FPD6836SOT343 pHEMT seen in figure 3a from RFMD [4].  It was essential not to allow 
any resistors being a part of the input match, as they are thermal microwave RF noise sources. 
This is also true for the pHEMT source lead inductor. This micro strip inductor, the input 
inductor, and the output inductor are constructed on 62 mil Rogers RT-5880, due to the 0.0009 
loss tangent. The input capacitor C1 (seen in figure 3b)  is an adjustable Sapphire dielectric 
trimmer. The only resistor in the microwave signal path is in the output where it is used to adjust 
the gain shape factor and control the stability factor K. Other PCB materials were tried but with 
these only 0.25 dB noise figure was achievable.  The noise temperature was measured using a 50 
Ohm SMA load at hot and cold temperatures.  The gain over the useful band varied from 17 dB 
to 16.7 dB.  The IOP3 was +30 dBm when biased at 3 Volts and 30 mA. The device may be 
damaged when the RF input is >12 dBm. 
 

 
Conclusion 

 
This work shows that one can now use new pHEMT devices in an LNA at room temperature and 
still obtain (~10 Kelvin NT) a very low equivalent noise temperature. Given the small amount of 
expected noise improvement at lower physical temperatures (77K), cryogenic cooling may not 
be worth the expense in many systems. If one uses this LNA for systems looking below 20 
degrees elevation then the maximum link range will be limited by the natural noise sources and 
not by the receiver system noise temperature. If one uses this LNA with a specially designed sky 
looking receive antenna, a quantum leap in receiver sensitivity can be had.  This can be as much 
as 10-15 dB improvement in signal to noise ratio over a terrestrial system.  
Future work will be in lower frequency bands using this device. The most recent design gives 
0.15 dB NF from 420-950 MHz with >17 dB gain.  Other bands of interest are around 2.4 GHz 
and 5.8 GHz and will use similar pHEMT devices as they evolve.  
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Nomenclature 
 

Antenna noise temperature (NT) :  An equivalent temperature in degrees Kelvin which would 
give the same amount of noise power to the input of an amplifier if a matched input termination 
was at that physical temperature. The main contribution is due to the side lobe pick up of the 
earth at ~310 Kelvin. 
 
LNA noise temperature :  An equivalent temperature in degrees Kelvin which would give the 
same amount of noise power to the input of an amplifier as if it had a matched input termination 
at a physical temperature also in degrees Kelvin. 
 
Equation  (2.)     PRL = kTsBn  

in Watts, where: 

• k = Boltzmann Constant (  Joules/Kelvin)  
• Ts = noise temperature (K)  
• Bn = noise bandwidth (Hz)  

 
Radiation pattern :  the directional (angular) dependence of radiation from the antenna or 
another  RF source. 
 
Microwave black body radiation :  an object  re-radiates noise energy in the radio spectrum 
which is characteristic of its physical temperature. 
 
Noise figure (NF) :  The noise figure is the ratio of the output noise power of a device to the 
portion thereof attributable to thermal noise in the input termination at standard noise 
temperature T0 (usually 290 K). 
 
Suspended strip line :  the effective dielectric constant "mostly air" will be close to 1. 
 

Stability factor (K) :   K-factor that is greater than one indicates that an amplifier is 
unconditionally stable. If K is less than 1, the LNA may have a problem. The equation for K-
factor is; 

Equation  (3.)             

http://products.rfmd.com/renderer.jsp?objectName=FPD6836SOT343&partFamily=Amplifiers
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pHEMT :  a depletion mode pseudomorphic High Electron Mobility Transistor  
 
 

Appendix: Circuit elements file 
 
      var 
      w1#30 30.03807 300 
      w2#30 161.65363 200 
      ckt 
        msub er=2.28 h=62 t=0.7 rho=0 rgh=0 
       TAND TAND=.0009 
        mlin    2 4     w^w1 L#10 1.081e+03 2000 
        SRLC    4 5     R=.1 L=.05 C\0.38837 ! Sapphire trimmer 
        mtee    5 7 8  w1^w1 w2^w1 w3=10 
        SRLC    8 0     R=.1 L=18 C=56 
        def2p  2 7    NaIN 
        mlin    9 10    w#10 43.29545 44 L#0 1.474e+03 2700 
        def2p   9 10   Naser 
        s2pa    2 3 0   WSMB 
        def2p   2 3     NA2P 
        mlin   1 2     w^w2 L# 0 970.94562 1500 
        mtee    2 3 8  w1^w2 w2^w2 w3=10 
        SRLC    8 0     R=.1 L=47 C=1.836e+03 
        pRC    3 4     R\57.20404 C\2.33882 
        mlin    4 5    w^w2 L#0 951.02887 2000 
        SRLC    5 6     R=.1 L=.1 C=220 
        mlin    6 7   w^w2 L^w2 
        def2p  1 7    NBIN 
        NAIN    1 2 
        NA2P    2 3 9 
        Naser   9 0 
        NBIN   3 4 
         def2p   1 4  LNA 
 
 
 




