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Abstract - A systematic extraction method for noise sources and correlation coefficient in the noise
equivalent circuit of GaAs MESFET is proposed. It is based on the lincar regression, which allows us
to extract physically meaningful parameters from the measurement. The confidence level of the
measured data can be easily examined from the linearily, y-intercept of the linear regression, and the
scattering from the regression line. Furthermore, it is found that the time delay of correlation

coefficient whose value is almost the same as that of the transconductance should he considered to
model noise parameters accurately.

[. Introduction

The noise characteristics of a lincar two-port system can be completely described by 2-port
parameters such as Y, Z, S-parameters and the additional four noise parameters. There are several
equivalent sets of these four noise parameters, depending on how to represent the two-port
circuit[1]. In H-representation, the noise current source at the input in Y-representation is replaced
by the noise voltage source. Generally speaking, the correlation between the noise sources has to be
taken into account in any representation and the values of the 4 noise parameters should be
determined from noise measurement at every bias point for each device.

Pospieszalski[2] assumed that the gate noise voltage and drain noise current sources are
independent of each other. But, that assumplion is not proved yet. Granted it is true in the intrinsic
device, the parasitic gate-source capacitance, C gy INVOkes the correlation between gate noise

voltage and drain noise current sources[3]. Since it is very dilficult to discriminate Cys from the

Intrinsic capacitance, C gsi’ 0Y S-paramcler measurcment, the correlation coefficdient has to be
considered in the noise equivalent circuit.

Usually a numerical optimization technique is used for extracting the noise sources from the
measured noise characteristics by minimizing the error between the measurement and model.
Though conceptually accurate, numerical optimization often gives wrong answer due to the local
extrema. This is especially true for the noise data since the data itself is very noisy. Furthermore, it is

hard to figure out the confidence level of the extraction result. In this paper, we propose a new
systematic method to determine the noise sources from the measurement by linear regression. |

II. Noise modeling of MESFET

Fig.1 shows MESFET small signal equivalent circuit with H-representation noise sources

whose correlation coefficient is g loi e 3y 18 defined as (UH” iy, t) over \/(I’guz)<f¢f,,z> , which is

a complex number in general. Nole that ¢ g 0 Fig.1 is the sum of C,, and Cyi- The input

equivalent noise voltage, v, , and the noise current sources, i..» can be derived in the intrinsic
equivalent drcuit(inside the dotted box in Fig.1) as follows. v, is the input equivalent noise voltage

source which generates the same output noise when the gate is short to ground in AC, given by
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i, is the input equivalent noise current generating the same output noise when the gate is open in

AC, which can be written as
1 C
fbr = = J .."F I-:J’n ; (2)
ng jl'.'l.ll'

Uiﬂ = ﬂgﬂ +




Noise conductance, G, can be oblained by normalizing (ﬂf) by 4kTAf as following
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The correlation impedance belween v, and i Z.» defined by ( v, ,‘ma) over < ,*'_”3> can be derjved
using Eqgs.(1)-(2) as follows.

Z. = -R + J + fgquimcn (Uﬂf) _
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Cy can be assumed to have only the real part in MESFET al low frequency, but the imagina:‘-}r parl
of C, increases at higher frequency. Ignoring the imaginary part of C, 8ives rise lo the large

discrepancy in noise characleristlics betwoeen measurement and modol especially at high frequency
as in Sec.IV. We found from the measurement that the angle of ¢ 11 18 proportional to thoe frequency,

and that ijts proportional constant can he approximated by gm time delay, 7. Then C, is can be
written as Cye/®". Then, the ima ginary part of the optimum impedance, Xopt » €an be written as

(4)
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Note that Xopt 1S inversely proportional Lo @ C,,»and that its proportional constant is dependent on
Cy - On the other hand, the rea] part of the optimum impedance, R, + can be easily derived as
4 :E . 2
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Y
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where @7 is.the unit current gain frequency given by gm/(:ﬁ - It is very inleresting Lo notice that

Rﬂpf 2 ---RE2 1s inversely proportional to the square of fmquency.

III. Extraction method of noise sources from measurement for MESFET
Three noise parameters, (uﬂz), <j dﬂz), and C, | are extracted from the frequency dependent
noise measurement. The combinations of these three paramelers have relations with G, (Eq.(3)),
X opi (Eq.(5)), and RﬂF,E(Eq.(ﬁ)). Therefore, we can extract them from three plots summarized in

Table below. Therefore, we can extract three unknown nojse parameters from the slopes of plots
using linear regression. The inherent advantages of the lincar regression are :
i) there is no danger to go into local exlrema, and

ii) the confidence level of the extraction results can be checked casily from the linearity of
the plots, i.e., slope, y-intercept, and the Scattering from the regression line.

The examples of the extraction plots are shown in Figs.2~4. Note that the slope of Xy VS
1/,;;,r,-;+r;',‘35 is not 1. In the Pospieszalski's modal where C,, is zero, Xﬂu should be exactly the same as

l/mcﬁ, which means the slope should be 1. But, as shown in Fig.3, the slope is 1.2, and the slope
§0¢€s upto ~1.4 at some bias conditions.

Graph G, Vs. {m/m.r}j’ Xn;:: Vs. l/mCS, Rﬂpfz —R;E Vs. (&?T / W)z
| (-fm:z) - / Vg, - 2 <ﬂ "2>
Slope W 1 +ngH\ ((f.;)) (1 -Cy )Zi_":?}‘

Tablel. Three plots for the extraction of the noise parameters, and their idealized slopes.
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| IV. Comparison of model with measurement
The measured device is an lon-implaled GaAs MESFET, whoso geometry is 0.5 x 300p;,° .
The minimum noise figure, the optimum impedance, and the noise resistance of our proposed

model are compared with those of measurement. In addition to our model, we compare two more
cases. One is when Cy 15 assumed Lo have only 'real parl in noise parameler calculation, and the

other is when Cy =0, i.e., Pospicszalski's model. The noise sources in Pospieszalski's mode] are

extracted from the slopes in the plotofl G, vs. («/ w, )" and (RME _RI.'-’) vs. (w, / w)?. Comparison

is performed at two bias conditions in Figs.5~6, both at 45 mA( Vs=0.0V ) and at 15 MA( Ve=-
0.8V ) with VD5=3.0V, respectively. Fips.5~6 show Lhat our madel has much better accy racy lhan the
other two models in explaining frequency dependence of all four noise parameters.

A new extraction method for nojse sources and correlation coefficient in the noise
equivalent circuit of GaAs MESFET has been proposed. Since the cxtraction of noise sources and
correlation coefficient is based on tho lincar regression, it allows us not only to extract physically
meaningful parameters from the measurement in a systematic and straightforward way, but also to
examine easily the confidence level of the measured data from the linearity of three plots and the
scattering from the regression lines. The comparison of noise figure, optimum impedance, and noise

resistance between our model and measurement shows excellent agreements both at high and at low
drain current bias for a typical MESFET device studied in this paper.
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Fig. 1. A noise equivalent circuit in H. Square of w/ay

representation for MESFET. Fig2 & (ko m{)z plot at Ve Ve=0.0, 3.0V.
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Fig.
ig.7(b) Xﬂﬂf and R,, at VGS,VDS = (.0, 3.0V. Dots

are measured dala. Solid lines are calculated one
using our model, the short and long dashed lines
are those with real'C H and zero Cpy.




