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A Wave Approach to the Noise Properties of
Linear Microwave Devices

R. P. MEYS

.4bstrczct—Noise temperature or noise factor are important par-

ameters for many microwave devices. Their dependence on source
characteristics is classically established using low-frequency con-
cepts such as impedance, admittance, voltage, and current sources.
This paper presents a derivation of the noise properties of linear
two-ports in terms of noise waves, which leads to a convenient
measurement method in distributed systems.

I. INTRODUCTION

T HE classical derivations for noise temperature and

noise factor of linear two-ports use the equivalent

circuit of Fig. l(a) and lead to the results [1], [2]

(1)

p)
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Fig. 1. (a) The classmal representation of a hnear noisy two-port. (b) The
representation of a linear noisy two-port using noise waves.

Sometimes (1) and (2) are written as

~= &,. +4To~
I r. - roptl’

20 I 1 + rop,lz(l – Ir,l’)
(3)

R.
FO=F

I r, - rep, r
(4)0mln+4~ II +rop,12(l– Ir,lz)
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wit h

r.,, = (YO– Yop,)j(YO+ X,,,):

ZO = (l/YO ) = characteristic impedance of the distributed

system.

These last expressions are hybrid ones. containing the

impedance parameter R. and the wave parameter rOP(. The

unknown quantities ~~,n (FO ,.l.). R,,, Y.,, (roP,) are deter-

mi,led either a) by a cut-and-try method using an automatic

no [se-figure meter, or b) by a set of measurements with

various source admittances followed by a computation such

as described in [2].

At microwave frequencies. however, a treatment of noise

in terms of waves looks attractive. This was already done [3].

The analysis starts with the model of Fig. 1(b) and defines

two uncorrelated noise waves .4~,B~ by

where Z,, is a complex normalization impedance dependent

on the device. This choice leads to theoretical simplicity, but

does not suggest an easy-to-use measurement method.

II. NOISE REPRESE~TATIOiN BY CORRELATED

WAVE SOLTRCES

let us start with the same model [Fig. l(b)], but simply

define the noise-wave sources with reference to the charac-

ter: stic impedance ZO of the line or waveguide mode used at

the input. We now connect a source of reflection factor r,

and noise wave B., to the input. The total noise wave that

would be incident on a noiseless matched load substituted

for the device input is

the squared modulus of which equals, assuming no correla-

tion between source and two-port noise

1.4J2 = lA,,12 + lr,l’~ + 2 Re (r,=) + IBH,I’.
(5)

If we introduce the following notation:

whtre k is Boltzmann’s constant and Af is the frequency

interval of interest. and consider that the source noise wave

is Siven by

lBn,12 = (1 - lr,12)kT;Aj

(a)
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Flg 2 (a) The total direct noise wave as a function of’@, (h) An example

of cxperlmeutal results

(5) becomes

+ T,(l – lr, 12). (6)

To entirely define the noise properties of the two-port, we

must determine the four quantities which appear in (6): T.,

Tb, T., o,. The following procedure is proposed.
a) Connect an almost lossless source ( I r, I :, 1) of var-

iable ~, to the input. Then observe

which is represented as a function of ~, in Fig. 2(a). From

this graph we deduce TC.~C, T. + Tb.

b) Connect a matched load of known temperature T. to

the input, so

from which we deduce Tu.

III. EXAMPLE OF NOISE-WAVE SOURCES MEAS[JREMENT

The method has been applied as an example to a BFR91
transistor operating at 1~.~= 5 V, 1, = 5 mA to determine its

noise-wave sources around,f = 500 MHz. The test setup for

the measurement of T~,with I r,, I a 1 is shown m Fig. 3(a). A

wavcguide below the cutoff attenuator is used m the reversed
mode to inject a known sine wave. As the coupling is small

and a short is connected at the third port. wc realize very

closely the condition I r, I = 1. A variable-length line 1s

placed between the attenuator and the DUT. The receiving

system consists of a 500-MHz selective preamplifier, a first

mixer and 50-MHz IF amplifier. a step attenuator, a second

mixel- and 5-MHz IF amplifier with calibrated noise band-

width. and finally a quadratical diode detector, First. with

the IF attenuator on its reference position. the detector

output is recorded. Then the IF attenuation is increased by

.-t,! and a known sine wave N injected so as to recover the
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Fig, 3, (a) The measurement setup with \ t_, I = 1 (b) The measurement
setup with I r, I = 0.

TABLE I

TI<E NUMERICAL RESULTS PERTMNING TO THE EXAhlPLE

1 (mm) o~30 60 90 120 150 180 210 240 270 300

~(dBm) 4680 4734 4828 4959 5070 50,s0 49.85 48.49 47,78 46 E% 46.86

hS(OK) 499 441 355 263 203 199 247 338 427 490 492

same detector output as before. It is shown in the Appendix

that under these conditions

1 1 Pm
~s.—.—

A:. – 1 A: MIwn
(7)

.4; IF power attenuation;

.4: total power attenuation between power meter and

DUT input:

B W. system-noise bandwidth;

Pm power-meter reading.

The experimental results are shown in Table I. Fig. 2(b) is

a plot of Tn.,,as calculated from (7) with the attenuation and
bandwidth values indicated on Fig. 3(a), versus the nor-

malized variable-line length 21/).. Conformity of the exper-

imental curve to the theoretical sinusoid is almost perfect.

From Fig, 2(b) we find

~+~=344K

3X,:2 – qhc

~~
= 0.703 – 0.210

where the 0.703 term in the last equation is the phase of r, for

zero extension, which has been measured separately. The

minus sign follows from the fact that arg (r, ) decreases as

the line is extended.

The last step is to measure T.. This step is, in fact, similar

to the conventional measurement of noise temperature with

a matched source. It has been performed by modifying the

test setup as shown in Fig. 3(b). Using the relation

1
T~=—

1 Pm
——–~

A:f – 1 A: kBWR
(8)

(which is a special case of (7)), with ~ equal to the ambient

temperature (301 K), Pm = – 49.51 dBm, and with the

attenuation values indicated on Fig. 3(a) and (b), we find

T. = 172 K.

IV. FROM NOISE WAVES TO NOISE TEMPERATURE

AND NOISE FACTOR

The noise temperature ~ is defined as that temperature

which must be added to the source temperature to account

for the noise introduced by the linear two-port. Using this

definition and (6) we obtain

Let us now write (3) under the more compact form

(lo)

Identification of (9) and (10) yields the results

T.= ~ ~ln + Tdl roptlz (11)

T~= & ~,~,n (12)

~= T&d (13)

(pC=n-(ibo (14)

with & = arg (rOP,). Inversion of the system of (11)-(14)

yields
,

~ = ~(Td~ t ~T:b – 4Tt)> (T., = T. + T,) (15)

T.~,.= T,– ~ (16)

(17)

q5, =?’-q!Jc. (18)

It is a simple matter to verify that only the + sign in (15)

must be retained to satisfy the condition I rOP, I < 1. The

corresponding equations for noise factor are readily ob-

tained, if we bear in mind that

Fo=l++.
(J

When applying (15 )-(18) to our previous example. we find

successively

~=325K

Tn m,n = 153 K

I r.,, I = 0.240

& = 87.5°

which achieves the noise characterization of the device.
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V. CONCLUSION

Adescrlption of thenoise behavior oflinear microwave

devices has been proposed based on the four fundamental

wave parameters T., T~, TC,~,. As the example has shown,

they can be easily measured and lead, through simple

formulas, to the traditional quantities ~, and FO. Sine waves

ha~e been used as power reference, but this is in no case a

necessity. Use of calibrated noise sources 1spossible insofar

as a sufficient power level is available to inject a noise wave

of the same order of magmtude as the device’s sources

despite the small coupling required by the condition

I r, I a 1. This usually avoids the need for working with a

known noise bandwidth.

APPENDIX

If ri designates the reflection factor at the device’s input.

the total incident noise wave actually is

1
A,,,

I–rJr,

giving rise at the output of the measurement setup to a

power

‘o=qi=!!~1’4”s12”(19)

When a sme wave B,,, is injected, the total incident wave

becomes

& (41s + %).
S[

Following the principle of the measurement, this wave will

give rise to the same output power as before, after attenua-

tion by .4,f, so

1 1
—--–-, (I .4n,l’ + I ~s,l’).

“’=a~:. II – r,, r,l-
po)

From (19) and (20) it follows that

m=++l’. (21)

Substituting

IB,,12 = ~~ and 1.4.,1’= k~,,BW.
s

in (21) leads to (7).
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