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Introduction

The noise behavior of two-port networks
is a linear phenomenon fully described by a
linear model including its four noise parame-
tersF R, Yopt=Gom+jBOpt [1]. The noise Fig-
ure F is given by F(Y )=F . +R /(Re(Y )*(Y_-
Y,.)> {1}. These are isometric circles on
the source Smith chart, whereby F__ is the
smallest noise figure the network can have
when optimally matched (YS=Yopt), and R is
a factor describing the steepness at which
F(Y,) increases when the network is noise
mismatched.

The small signal available gain G_, of the
network is defined as P_, /P, described
as: G, '=MAG™+R /(Re(Y)"(Y Y, ) {2}
These are, again, isometric circles on the
Smith chart, similar with the noise circles.
The gain circles can be calculated using the
small signal s-parameters of the network.
A passive network (PN) including only ther-
mal noise sources (resistances) has a noise
factor F_,=1/G_: a 2dB attenuator has 2dB
minimum noise figure; when the PN is not
matched, its available loss (1/G,)) increases
the same as its noise figure; this is consis-
tent with the alternative definition F=(S /N, )/
(S,,/N.,), wherein S=signal, N=noise. And.
whereas for passive networks, the gain cir-
cles and the noise circles on the Smith chart
are identical, for active networks, like tran-
sistors, which include noise sources different
(higher) than thermal, the noise circles are
different than the gain circles, because the
injected noise power from the noise source is
comparable with the internal noise sources.
Or the noise circles are the limit of the gain
circles for injected input power reaching ther-
mal noise power -174dBm/Hz or 0.004fW/Hz.
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From equations {1} and {2} follows that, de-
termining the four independent noise or gain
parameters of a two-port network (transistor
or not), at least four independent noise fac-
tor or gain measurements are needed: while
this is accurately possible in determining the
four gain parameters of eq. {2} in the case of
noise this proves impossible. The reason is,
of course, that, due to the small noise quan-
tities measured, the measurement error is
not negligible compared with the measured
value, as is the case in gain, where the in-
jected and measured power, is at least at
mW level. Assuming the measurement error
is randomly distributed around an assumed
true value, the method used so far in the liter-
ature is to measure more than 4 noise figure
values at well distributed source impedances
and hope that the random errors will cancel
out, which they, to some extent, do. 7 to 11
source impedance settings have been used
so far with acceptable results. Most of the re-
lated publications over the last 40 years deal
with a better choice of impedances and noise
parameter data extraction. However, when
measuring over a wide frequency range,
problems occur, since canceling out random
errors is not at all frequencies warranted.

The road to a more accurate solution
Noise measurements touch the core of me-
trology: Measurement is a process of finding
the true value of a quantity that we assume it
exists. Since measurement deals with natural
and not mathematical phenomena, it can be
assumed that the process cannot succeed.
The assumed true value is elusive. It cannot
be found in real time.
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The method

Only if we define a large enough acceptance
tolerance around the assumed true value, or
if we can collect an infinite number of con-
verging samples, we can claim to have found
it. The logic is similar as in the convergence
criteria for infinite numeric series of Bolza-
no-Weierstrass: an infinite number of sam-
ples gather inside a limited space €. What
helps focusing on the search, if the samples
are limited, is to know more about the true
value. This specific knowledge is applied in
our method for measuring wideband noise
parameters of high frequency low noise tran-
sistors.

The method

Let us start with a generally adopted noise
model of an intrinsic FET: in its simple form
(Figure 1) it includes a gate capacitive-resis-
tive network Y2, a voltage controlled current
source gm and a low conductivity output par-
allel RC network Y3 in the channel, and ther-
mal noise sources i_ at the gate and i, in the
channel, partially correlated via the internal
capacitive coupling between the channel and
gate (which is >> C_): FET chips are small
(20.5x0.5mm?); this means that the noise
figure F, defined also as the ratio of the to-
tal output current i, to its portion i, coming
exclusively from the source, as a function of
frequency, must be smooth, since the noise
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Model of intrinsic FET device with noise sources

(Figure 1)
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sources are white (constant frequency spec-
trum), the chip is very small, not allowing
multiple reflections, and any small inductive
components, created via wire bonding, can-
not create resonances and ripple inside the
frequency range tested.

F=[i /i |>=1+[i,[*(11+C-Z -gm[?)/]i,|* {3} since
i,=i,+C iy, with C being a correlation factor
~0.7-0.9 and igo is the thermal noise from
the resistive parts of the source. Given that
Zg may, through Z, rotate the induced gate-
noise current vector “i-C-Z -gm” against
the intrinsic i, in the channel, partly explains
the overall measured low noise figure of the
FETs, despite the fact that prior independent
measurements show i, to have equivalent
temperature values of 5000-8000K, whereas
the eq. temp. of igo is 300K (Figure 2).
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(Figure 2)

The hitherto analysis shows that the frequen-
cy dependence of the FET noise figure F(freq)
must be a smooth ripple-free curve. Usually
measured ripple (Figure 3 & 4) cannot be
but insufficient error cancellation. The overall
errors come because the random measure-
ment errors of F(Ys, freq) cancel differently
at each frequency, since the Ys patterns vary
quasi randomly, since they are created by the
same, frequency dependent, tuner settings.

The method | 3

AN72 - STATISTICAL NOISE PARAMETER ANALYSIS

www.focus-microwaves.com



Experimental Results
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Experimental Results

Wideband noise parameter measurements
use the cold noise source method where-
by the output noise power is compared with
the noise power originated from the source,
using the noise parameter calibration of the
noise receiver for a selected set of source im-
pedance settings and extraction of the DUT
noise parameters using FRIIS’ formula.

In the traditional approach the tuner is set to
the same 7-11 Ys values and the frequecy
is swept across the frequency (yielding re-
sults containing bumps). To confirm that the
bumps are due to inadequate extraction pro-
cessing random measurement errors, we plot
the noise figure at 50Q (F50) versus the in-
verse of available gain G.av'=(1-|S_[)/|S,,|?
also at 50Q (Figure 3). The result shows that
the real reason for the ripple is the tradition-
al extraction or the uniform choice of source
impedance patterns.
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To reduce this obvious anomaly a new meth-
od of extraction performs noise parameter
extractions for a large number of measured
impedance patterns and classifies the result
for its conformity with the linear law; this is
shown in (Figure 5). It is obvious that now the
data ripple in Fmin is not higher than the rip-
ple in 1/G.av in (Figure 4).
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(Figure 5)
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