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Automatic Noise Temperature Measurement Through
Frequency Variation

VICTOR D. LAROCK, MEMBER, IEEE, AND RENE P. MEYS,
MEMBER, 1EEE

Abstract —The dependence of two-port noise temperature on the source
reflection factor does not lend itself to easy automated measurement. This
paper shows that a noise analysis performed over a small frequency interval
centered about the frequency of interest and with a source circuit having
fast phase variations leads to a straightforward solution of the problem.
The conditions for applying the procedure are broad enough to enable
measuring most components like transistors and amplifiers over the entire
microwave range. An example of practical implementation is presented.

I. INTRODUCTION

The determination of the dependence of the noise temperature
on the source reflection factor requires measurements with vari-
ous source impedances. These are obtained manually by means of
stubs, line stretchers, and the like.

Such devices are cumbersome to operate automatically, al-
though a mechanical tuner driven by stepper motors has been
proposed [1]. Another approach uses varactor-controlled tuners
[2]. Due to the small capacitance variations that can be achieved
through microwave varactors, this kind of tuner operates only
over a limited frequency range.

Moreover, both tuners exhibit unpredictable losses, which have
to be taken into account for accurate noise measurements.
Accordingly, they must be determined for every setting at every
frequency.

Thus, the challenge was: could one imagine a set of electrically
controlled impedances or reflection factors sufficient to de-
termine the noise temperature and meeting the extra constraint of
easily accountable losses?

II. AN AUTOMATED PROCEDURE FOR DETERMINING THE
NOISE TEMPERATURE

A guide to this choice is [3], where it is shown that the
dependence of the noise temperature 7, on the source reflection
factor S =|S|-e’/?’ can be expressed as

T,+|S*T, +2T;|S|cos (@, + )

T,=
1—|S|?

(M
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Fig. 1. The theoretical dependence of the noise temperature on the source
reflection factor with (a) small | S| and (b) significant |S|. (c) Shows the
corresponding S-loci

Re(S)

The parameters T,, T,, T,, and ¢, are related to the noise
waves model for the two-port, (see [3] and [4]), and are determined
experimentally in two steps.

a) Measurements with a matched source: With an ideal source
(S =0) the noise temperature would be 7,. For any real source
having small mismatch | S|, (1) becomes

T, =T, +2T|S|cos (@ + ).

)
This relation is plotted as a function of ¢, in Fig. 1(a); it yields 7,
as the mean value of T, (¢,).

b) Measurements with a sigmificant source reflection factor: The
general case (1) is plotted in Fig. 1(b), where it can be seen that:
the mean value of the curve gives T}, if | S| and T, are known; the
amplitude of the sine wave is related to 7,; and the position of
the curve defines ¢,.The S variations involved appear in Fig. 1(c).
They were formerly achieved by a line stretcher inserted between
the source and the DUT.

Now, automation clearly requires moving on the reflection
factor loci electrically. To this end, use is made of two factors. a)
Phase variations can be obtained at the output of a long section
of line by slightly changing the frequency of analysis, say by 1

0018-9480 /82 /0800-1286$00.75 ©1982 IEEE
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. TABLEI
. THE NOISE PARAMETERS DERIVED FROM THE AUTOMATIC
PROCEDURE
Ta ) Tb (K T K ‘Pc(DEG)
217 150 77 130
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Fig. 2. Block diagram of the experimeﬁtal setup.
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Fig. 3. The experimental noise-temperaturé variation as a function of ¢, with
(a) the quasi-matched noise source and (b) the quarter-wave transformer
inserted.

percent. b) Over this kind of interval, the noise parameters of
most devices or systems present very small changes,’ whose

first-order terms largely cancel out when averaging (see Appen- .

dix).

III. AN EXAMPLE OF IMPLEMENTATION

The method was applied to a BFR 91 bipolar transistor around
fo =500 MHz. A block-diagram of the setup is given in Fig. 2.

The noise source is a conventional solid-state device. It is
followed by an insertable quarter-wave transformer that produces
the nonzero reflection factor needed in step b) above. Next is a
60-nS delay line that produces a 360° shift for ¢, over a Af=
8.3-MHz interval. The noise at the output of the DUT is ampli-
fied and filtered for image frequency rejection. Consecutively, it
is down converted to the 30-MHz IF of the automatic noise-tem-
perature meter (ANTM) that also switches .the noise source on
and off. Measurement bandwidth is reduced to 400 KHz for
adequate resolution within A f.

'An exception being systermns with a sharp resonance at the frequency of
interest. '

*The D.U.T. is a BFR 91 bipolar transistor biased at o =5 mA, Vez=5 V.
Center frequency is 500 MHZ.

TABLE II
THE NOISE PARAMETERS DERIVED FROM MANUAL MEASUREMENTS
AT 495,500, 505 MHZ FOR THE SAME DEVICE AS BEFORE

FIMHZ) | T 0 | Tyt | T, 00 %(oesl
495 | 225 144 77 133
500 | 213 144 | 71 132
505 | 222 | 144 74 | 132

d
o) J

Fig. 4. -Schematic view of the insertable quarter-wave transformer. Distance d
corresponds to a 50-§ characteristic impedance, d’ to about 16 Q.

The setup is controlled by a computer whose functions are: a)
to insert or not the quarter-wave transformer; b) to change the
frequency of analysis by action on the local oscillator; and c) to
take readings from the ANTM and compute the noise parameters
Ta! Tb’ Tc’ and P

The experimental wave forms obtained with a) the quasi-
matched noise source and b) the quarter-wave transformer in-
serted (| S| = 0.653) are shown in Fig. 3. The noise parameters
resulting from them are listed in Table I,

To verify their accuracy and the assumption of almost constant
parameters over A f, manual measurements were performed at the
three frequencies 495, 500, and 505 MHz. The results are shown
in Table 1.

As the differences between these two sets of results certainly lie
within the experimental uncertainties, the two methods prove
consistent and equivalent. :

IV. ABOUT THE DESIGN OF THE INPUT NETWORK

As was mentioned, a switchable quarter-wave transformer was
used to create the significant source reflection factor needed. It is
made of a 50-8 slab line section, whose characteristic impedance
can be modified by inserting two mobile plates (see Fig. 4).
Actuation is by a coil magnet.
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This solution proved to work quite well, as the quarter-wave
transformer exhibits minimal | S| variations over the interval A f.
However, it only allows operation around a single frequency. For
broad-band operation, it could advantageously be replaced by an
unmatched attenuator.

The frequency interval A f can be reduced if the line length is
increased. Doing this, however, increases the losses, which in turn
can reduce the reflection factor as seen by the DUT below a
suitable value. A tradeoff must accordingly be accepted.

Finally, accurate noise measurements demand that the excess
noise ratio of the source be carefully corrected for losses. These
concentrate essentially in the delay line (~ 0.5 dB) and can be
measured with the highest accuracy in matched conditions. It is
then a simple matter to deduce them by computation for the
unmatched case.

V. CONCLUSION

The results presented show that a set of source impedances
enabling an easy determination of the noise temperature can be
achieved through small frequency changes and the use of an
appropriate input network, rather than by tuning at a single
frequency. Advantage was taken of this feature to devise and
experiment a setup for fully automated noise measurements.

The simple nature of the required hardware allows one to
forecast possible applications throughout the microwave range.

APPENDIX

Generally the noise parameters 7, 7,, 7,, and ¢, in (1) are
frequency dependent. Let us show that this dependence only
biases the results to a negligible extent. To this aim, the noise
parameters are developed into their first order expansions
around f;

T(f)=T,+ (f fo) (3)

o7,
Tb(f) Tbo af 7 (f_fO) (4)

T,
T(f)=T,+ ‘/'(f—fo) (5)

N dp,
¢z-(f)7q>co+ af fo'(f_f()) (6)

and likewise for the variable ¢,
2=+t 50| (1= h): %)
fo

Putting » = f — f, (1) re-writes
T,(v) = (ag+by)+(a;+b) v+ (cgte )

~cos (po+(p/+p))7)

with
. a(P) [ g— a@L
Py~ af by = a—f
and aq, by, - -, obtained by identification.

As sketched in Fig. 1, the quantities that have to be evaluated
are the mean value, the amplitude, and the phase of an offset sine
wave. This can be done mathematically through the Fourier

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. MTT-30, NO. 8, AUGUST 1982

coefficients

1 Af/2
I=——- T,(v)-d
1 Af '/;Af/z ( ) v
_2 M2 ,
=gy ), Th()eos (py0)-dv

2 Af2 :
IL=—- T,(v)sin(p,/-v)-dv.
=y ), T (0 dv

Indeed, if the noise parameters were constant with respect to
frequency, the above expression for 7, (v) would read

T,(v) =ay+by+cpcos (po+py-v)
=ay+ byt cy-cos pyrsin py v — ¢cpsin py-cos p v
and the values of the integrals I}, I,, and I; would simply be
I=a,+b,
LY = ¢y cos pgy
L= — ¢y sin pg.

With the first-order approximations (3)—(7), remembering that
Afis chosen such that p,’A f =27 and assuming for the moment
that | p;”| <| p,’|, one finds
-sin pg

V4 1
I ~ag+by—cy—5CO8 pg— ¢y —5
1 0 0 0 7 Po 1pl

(4] .
— -sin p,

1 "
[2260-(14—5-171, )-cospo—l— 1

Dy
1 l//

p
ILi~—c¢cy|1l—= == ]-sin
’ 0( 2 Pl) Po™

In order that the error remain small, integrals /, and / Y must
not differ significantly. Obviously the conditions for this are

o= pl’/ }3%
P af
and
_len 1| |1 37, dg
“ e o |T o o ¢

To what degree these conditions are met in our example can be
gathered from the computed values

9,
=0.757 rad/MHz

d9
l—} 0 rad/MHz

= 0.4 percent/MHz

from which ¢, =0 and e, = 0.005.
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