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Intr ion

Recently, there has been strong demand for low noise amplifiers
operating in the cm-mm wave band. At 12 GHz, this demand has been
driven by DBS applications, whereas at higher frequencies (>40 GHz) the
demand has been driven by satellite communications for military
applications. For both applications, the minimum noise figure of the device
(which is effectively the ratio of ouput noise to input noise) is often the
critical device parameter.

Short gate length (< 0.3 pm) InGaAs/GaAs pseudomorphic HEMTs
(PSHEMTs) now have the capability of achieving the ultra-low noise figures
demanded by systems engineers. To design such PSHEMTSs, however, it is
necessary to have a thorough understanding of how the noise properties of
the PSHEMT depend on gate length, bias, frequency, and parasitic source and
gate resistances.

Detai f Noise Modellin
The basic principles of noise modelling are common to FETs, HEMTs,

and PSHEMTs for frequencies greater than 1 GHz. Three main steps are
required :

1. Modelling the DC characteristics of the transistor, and evaluating the
associated small signal parameters, such as transconductance and drain
resistance.

2. Deriving expressions for the mean square drain and noise currents, and
any correlation between the two.

3.  Using the noise currents and DC characteristics to derive the equivalent

circuit representation of the transistor. Simple circuit theory can then
be used to obtain an expression for the minimum noise figure.

In general, such a calculation is carried out numerically. At low frequencies
compared to the cut-off frequency, however, noisy transistors can be
modelled reasonably accurately using the Fukui equation [1] :

Fanin = 1 + 2({;]«11? gm (Rs + Rg) (1)
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Here, f is the operating frequency, fi =E(%m_)’ gm is the transconductance,
Sg
Csg is the source-gate capacitance, Rs is the source resistance and Rg is the
gate resistance. P is essentially a fitting factor in Fukui's theory. Equation (1)
may be derived from the full noise modelling calculation if it is assumed that

the intrinsic noise of the transistor channel is negligible, and that only terms

f
linear in frequency need be retained. For (H) > 0.3 the linear approximation

begins to break down. In addition, for transistors with very low noise figures
(e.g. < 1 dB at 12 GHz), the largest contribution to the noise figure is due to
intrinsic channel noise, and the Johnson noise contribution from the parasitic
resistances is relatively minor. In both these technologically important cases,
the assumptions underlying the Fukui equation break down, and the full
noise model must be employed.

It is convenient to define the following dimensionless noise coefficients

P __5&____. 2> . R_ <i9-2> . C__<lg*_14>_ (2)
"~ 4kTgmAf ~ 4kTw2Csg2Af/gm == V<ig?<ig?>

where ig, ig are the gate and drain induced noise currents respectively, and
Af is the bandwidth. At high frequencies (> 1 GHz), 1/f noise sources are
unimportant, and the transistor channel noise is mainly due to thermal noise
of the carriers if the device is biassed into the Ohmic part of the DC
characteristic. If the device is biassed into the saturated region, shot-like
noise also contributes. In either case, the induced noise currents, and their
correlation, may be calculated using Pucel's method [2].

Results

The ultimate limit to the device noise performance occurs when the
parasitic resistances vanish. As mentioned above, Fukui's equation breaks
down since it predicts a 0 dB noise figure, whereas in practice the intrinsic
channel noise of the transistor gives rise to a significant noise figure. Pucel's
model [2] gives the following formula for the intrinsic channel noise :

Fpnin=1+2 (‘E‘)VPR(I—CZ) (3)

Under low noise bias conditions, Cappy [3] reports that P=1.0, R=0.5, and
C=0.85. The main difference in the noise performance of FETs, HEMTs, and
PSHEMTs then arises from the different "figure of merit" of these devices
(the figure of merit is fiL., where L is the gate length). Hikosaka [4] reports
that fiL=18 GHz um, 21 GHz pm and 26 GHz pum for conventional
AlGaAs/GaAs HEMTSs, InGaAs/GaAs PSHEMTs, and InGaAs/InAlAs HEMTs



respectively. Assuming fiL=21 GHz pm, Figures One and Two show the noise
figure versus gate length for a PSHEMT, for (Rs+Rg)=0,3,6 Q, at frequencies of
12 and 40 GHz. At 12 GHz, the intrinsic noise of a 0.3 um PSHEMT is 0.5 dB,
which is a large fraction of the experimental value of 0.8-0.9 dB. This’
intrinsic channel noise can be decreased by shortening the gate and/or using
an alternative materials system with a larger figure of merit.

In addition, the noise figure of a 0.3 and 0.6 um PSHEMT has been
calculated (under low noise conditions) as a function of frequency for
(Rs+Rg)=0,3,6 Q. The results are shown in Figures Three and Four. Clearly, at
high frequencies, a linear dependence of Fpin on frequency, as predicted by
Fukui's equation [1] is inadequate.

Away from the low noise bias point, the values of the dimensionless
noise coefficients differ from the values assumed above. The full noise model
must be used to determine the variation of Fpjn versus current for fixed
gate voltage, and Figure Five shows such a variation for 0.5 um PSHEMT for
various values of the parasitic resistances. This illustrates the important
point that decreasing the the parasitics also decreases the sensitivity of Fpin
to current variations about the low bias point.

Conclusions

The limitations of Fukui's equation in predicting Fmin for very low
noise PSHEMTs, and/or at high frequencies has been discussed. The limits to
PSHEMT noise performance are due to the intrinsic channel noise of the
carriers, and the variation of this ultimate noise limit has been calculated for
various gate lengths and frequencies. Finally, it has been shown that
decreasing the parasitic resistances causes a decrease in sensitivity of the
PSHEMT noise figure to variations about the low noise bias point.
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Noise figure (not in dB) versus frequency (GHz) Figure Four :

for a 0.3 um PSHEMT

Noise figure (not in dB) versus frequency
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