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Computer-Aided Determination of Microwave
Two-Port Noise Parameters

GIUSEPPE CARUSO and MARIO SANNINO

Abstmc-The least-squares fit of measured noise figures as a funedon

of source admittance is an accurate and rapid meth@ afao convenient
from the experfmentat point of view, to determine finear two-port noise
parameters.

However, to avoid the erroneous results often obtained by experi-

mente~ this paper presents some criteria to he foUowed in choosii the
proper source adndttancea.

In order to apply the method to microwave two-per@ a relatiomhfp
relating noise parameters in a linearized form is fntzoduced.

The anafytfcaf developments are in terms of effective input noise

temperature of the two-port.

Experimental. results for a microwave transistor are afso reported as a

function of experimental redundancy.

I. INTRODUCTION

I N 1960, the IRE Subcommittee on Noise proposed a

manual curve fitting procedure which allows de-

termination of two-port spot noise parameters from the

set of experimental data consisting of some values of noise

figure measured for different input termination, or source,

admittances properly chosen [1].

Since then, two methods of computer-aided determina-

tion of noise parameters have been reported in literature.

One of them [2] can be thought of as an automatic

version of the graphic procedure suggested by the IRE,

which requires tedious and time-consuming adjustment of

some input termination admittances with constant real

part and of some other with constant imaginary part.

The other one [3] is an application of the least-squares

method, which reduces the determination of noise param-

eters to the solution of a four linear equation system,

obtained as fit of noise figures measured in correspon-

dence to source admittances chosen without particular

rules. For this reason the latter method is widely preferred

to the former.

Unfortunately, this analytical method, although inher-

ently very accurate and also convenient from an experi-

mental viewpoint, can yield erroneous results.

This was interpreted as an apparently high sensitivity to

measurement errors and, consequently, application of a

more sophisticated fitting routine has been invited.

In the present paper it is shown how these unacceptable

results are not inherent in the method, instead, they are
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due to an improper choice of the input termination admit-

tances when performing measurements. More in particu-

lar, if the admittances chosen are in the neighborhoods of

some singular loci which are recogtiable on the Smith

chart, large errors may occur because of ill-conditioning

of the coefficient matrix of the equation system to be

solved.

As proposed here, a way to avoid the above drawbacks

is to choose the input termination admittances in the

neighborhoods of two or more different singular curves

belonging either to the same family or to different fami-

lies.

To this end, criteria for the realization of the admit-

tances in a quite convenient manner from the experimen-

tal point of view are also suggested.

To illustrate the application of the method to the case

of microwave linear two-ports, a relationship which relates

spot noise parameters in a linearized form is introduced.

It differs from the one derived early by Fukui [5] because

it involves noise parameters expressed in terms of source

reflection coefficients in place of source admittances.

Before concluding, an application of the method to the

determination of spot noise parameters of a microwave

transistor is reported.

IL DESCRIPTION OF THE METHOD

As well known, the noise behavior of a linear two-port

depends on its input termination, or source, admittance
Y,= G, +jB~ according to the formula [1]

[q- Ye]’
F(Y,)=FO+Rn G

s
(1)

where FO is the optimum noise figure, YO= GO+jBO is the

optimum source admittance, namely that value of Y, at

which this minimum noise figure occurs, and Rn noise

resistance is a parameter which describes how much the

two-port noise behavior deteriorates if the source admit-

tance differs from the optimum one.

We can write (1) in the more useful form [4]

IY.- Yo[’
F(Y,)=FO+N GG

0s

(2)

where the parameter N= GORE is invariant under transfor-

mation of the source admittance due to lossless networks.

Therefore, the admittances Y, can be now measured at the

most convenient reference plane located between the
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two-port under test and the noise source, with no effects

on N or FO; only YO is to be transformed.

However, in representing the noise behavior of micro-

wave two-ports, it is useful to write (2) in terms of the

input termination reflection coefficient r.= p, exp (jO,). In-

troducing the effective input noise temperature T’(T,), (2)

then becomes

Te(r,) = TeO+ 4TON
p7, -ro]2

(I- p7,\2)(l -po12)
(3)

where 170= p. exp (j@O) is the optimum value of 17,, and the

parameter TeO is related to FO and standard temperature

TO (usually 290 K) by

TeO= TO(FO – 1), (4)

In order to reduce the least-squares method to the

solution of a linear equation system, (3) is transformed in

a linearized form. After some algebra we have

1
~=(r,)=~+b— +C

P,
— COS 6j + d—

l–p: l–p:
‘S sin~, (5)

l–p;

where the indirect noise parameters a, b, c, and

related to T,O, po, /3., and N by the relationships

a= T,O –4TON~
l–p;’

P.
c=–8ToN— Cos @o,

l–p;

or, conversely

Teo=a+~,

l+p:
b=4TON—

l–p:

d are

d= – 8TON~sin00 (6)
l–p:

A

‘= 4T0

oO=tan-l~ (7)

with

Let us define

A= (bz – C2– d2)1/2. (8)

the error-function

e = ~ ,$(Tei – Te,i)2= ~ ,$ Pi2
1—1 1—1

(9)

where n is the number of sets Te~i, p$i, and 6~i (with

i = 1 + n) of experimental data, and Tei represents the
corresponding values assumed by T. given by (5).

Conditions for minimum of error-function are

(lo)

Fig. 1. Source admittances selected to perform the noise temperature
measurements. They are obtained by sliding the carnage of a slide-
screw tuner for two- different penetrations o~the tuning ;lug.

which represent a linear

coefficient-matrix, through (5)

5A i 1
1=1 l—p:. i=, (l-p~.)z

equation system

and (9), is given by

[kj=jk]

whose

n Cose,ix 5 Coso,i 5 COS2O.i ‘

2 Psi
/=1 l—p~j i=, (1-p#)2psi i=, (~-pj)zpsi

‘ sin e,i
z i

sin e,i
i

sin 9~i

i.1 qp’i ‘=1 (1-p#)2pSi i=, ~~_p;)2p’icOsosi

5 sin2 O,i z

,=, (l-p;)zp’i”

(11)

Through (7) and (8), solution of (10) leads to determina-

tion of the noise parameters with an accuracy which

increases with the redundancy of experimental data (say,

7I=1O).

On the other hand, by observing the symmetric
coefficient-matrix (11) some values r. of the source admit-

tance which cause singularity of the matrix can be recog-

nized. For example, singular loci on the Smith chart are

represented by those values of r. for which the elements

of two columns (rows) are proportional; such values are

given by

p,= const, p. cos 0$ = const, p, sintl, = const,

tand~ = const,
ps‘in ‘S
— = const

l–p:
(12)

which, therefore, do not define completely the surface

represented by (5).
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Fig. 2. Noise parameters as functions of redundancy, for a transistor
AT-4642, Avantek, at 3.5 GHz (lC = 5 mA, VCe= 10 V). For a given
value of redundancy, the deahed curves represent the maximnm and
minimum values of the noise parameters as the data vary.

More in general, every locus of r. which can be seen as Obviously, the values r~i chosen to carry out the

a projection on the horizontal plane (p,, 0$) of a curve that measurements will never belong exactly to a singular

is the intersection of the surface (5) with other of the same curve, but if they happen to be in the neighborhood of

family gives rise to singularity. such a locus, conditions occur for ill conditioning of the
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matrix and, consequently, unacceptable errors in the

parameter determination may follow. This has been

proven by many tests which have also shown that under
these conditions the results obtained vary strongly as the

number of experimental data varies. In addition, in most

cases, they are without physical meaning. In order to

avoid the above inconvenience, input termination admit-

tances are to be chosen properly in performing measure-

ments. A way of doing this is to choose the admittances in

the neighborhoods of two different singular curves, be-

cause this will completely define the surface given by (5).

A practical suggestion to easily apply the above concept is

to use a (coaxial or waveguide) slide-screw tuner as source

admittance transformer, which permits the realization of

admittances defined by p.= const = Cl and p~= const = C2

simply by sliding the carriage for two different penetra-

tions of the tuning slug.

III. EXPmUMENTAL VERIFICATIONS

In order to show the validity of the method presented

here for computer-aided determination of noise parame-

ters, some experimental results obtained for a microwave

transistor (Avantek-AT 4642; ZC= 5 mA, V=, = 10 V) at 3.5

GHz are reported in this section.

As admittance transformer network a coaxial slide-

screw tuner has been employed, and a set of admittance

values has been obtained, as above suggested, by sliding

the carriage for two different penetrations of the tuning

slug. Obviously, admittances corresponding to low values

of measured noise temperatures have been selected to

improve the accuracy. In Fig. 1 the source admittances

are represented on the Smith chart.

Effective input noise temperatures have been then

measured and the noise parameters derived by processing

the experimental data through a well-known computing

program for linear equation system solution.1

The following results have been obtained: TeO= 377K

(FO =3.6 dB), PO=0.3, 130= 197°, N= 1.53 (R. =43.5 ohm)2.

lIBM subroutine SIM Q, translated into BASIC language for an HP
9830A desk computer.

‘The measured optimum noise figure is close to the typical value of 3.3
dB given by the transistor manufacturer.

The noise parameters have been also computed by

processing a number of experimental data lower than 10,

provided that, as previously stated, data are selected in

correspondence to admittances some of which belong to

the inner locus of Fig. 1 and some other on the outer one.

The values of the noise parameters so obtained are

reported in Fig. 2 as functions of redundancy, i.e., of the

number of the data processed.

From this figure it appears that at a given value of

redundancy, slight variations of noise parameters occur as

the data vary, provided that the redundancy is sufficiently

large (say > 7).

The experimental verifications have been carried-out by

means of a measuring system (Y-factor method) equipped

with variable attenuator, test receiver, and gas-discharge

noise source (excess noise ratio: 15.6 *0.25 dB),

IV. CONCLUSION

An application of the least-squares method to the de-

termination of microwave two-port noise parameters is

presented, and it is shown how the erroneous results often
obtained by experimenters can be avoided by properly

choosing two port input termination admittances in per-

forming the measurements. To this end, some criteria to

follow are given, together with suggestions for their practi-

cal application.

Some experimental results for the case of microwave

transistor noise parameter determination are also re-

ported.
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