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1- ABSTRACT

General considerations for the measurement of noise
parameters inhighly mismatched systems areckcussed. In
particular, the problem of noise characterization of active
superconducting microwave devices is addressed. A
measurement technique including an error analysis is
presented along with current data fora Supercorrducting Flux
Flow Transistor.

2- INTRODUCTION

Continuing research in superconducting electronics has
resulted in the introduction of active microwave devices.
These include the VFT (1) and recently the SFFT (2),(3) for
high Tc systems. Such devices are typically characterized by
very low impedance levels when compared with 50Q systems.
We are particularly interested in a noise characterization of
these devices at microwave frequencies. The SFFT is
extremely mismatched and the technique for noise parameter
measurement as well as an error sensitivity analysis is
presented.

3- NOISEFIGUREMEASUREMENTMETHOD

Our measurement scheme is based on the HP8970 noise
figure meter. This instrument has the capability of internally
removing the effects of the noise figure of the measurement
system from the one of the device under test (DUT) . This
correction (see ref. (4), pg. 19) approximates the available
gain of the DUT by its insertion gain. Such approximation is
appropriate when the device is matched, but large
discrepancies occur when this is not satisfied. However, the
HP8970 is a very sensitive receiver and can be used in an
uncorrected mode. This has given rise to measurement
schemes capable of measuring mismatched devices. Such
schemes have been applied to microwave and millimeter wave
FETs (5),(6).

‘ This work is patiially euppwted by the Spanish Minist~ of
Educatiin and Sdence

SUPERCONDUCTING

The noise figure of a two-port is defined as (7):

~=-!k
GaNI

(3.1)

Where Ni, No are respectively the available noise power

at the input and output and Ga is the available gain of the two

port.
When several two-porls are cascaded, their overall

noise figure is given by:

F= FI +-+-+...
G1 GIG2

(3.2)

Fi ,Gi, i=l ,2,3... being the noise figure and available

gain of the i-th two port (with numeration starting from the
input side).

Finally, the noise figure of a two port depends on the
admittance of the source to which it is connected through the
equation (8):

(3.3)

Where Fmi n.Rn,Yo are referred as the noise parameters

of the two-port and Ys is the source admittance.

The measurement system used, suggested by J. Mondal
(Honeywell Inc.) for highly mismatched DUTS, is shown in
Fig. 1 (5). With this setup, the noise source is first
connected to the receiver (RCV) and its noise figure is read
with the HP8970 meter. The DUT is then inserted and the
overall noise fiiure of the DUT and RCV is read. Shwe the
noise figure of the detection system (DS in FQ.I ) remains
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constant in both cases due to the effect of the output isolator
(01), the noise figure of the DUT can be found using Eq. (3.2)
and the fact that in passive networks, the noise figure is the
inverse of the available gain (8):

Fdut = Frd_n= - “CV-”S(::::::::J‘
Gav_dut

(3.4)

where:

Fdut= Noise Figure of the DUT

Frd ns= Uncorrected noise figure of DUT+RCV when—
connected to the noise source

Frcv ns= Uncorrected noise figure of the RCV when

rxn;ected to the noise source (no DUT inserted)
~v_oi_ns= Available gain of the output isolator when

connected to the noise source.

~v_oi_dut= Available gain of the output isolator
when connected to the DUT.

t&_dut= Available gain of the DUT when connected to

the noise source.

Knowledge of the S parameters of the 01 and DUT is
necessary to calculate the above available gains.

4- NOISE PARAMETERDETERMINATION

The four noise parameters(Fm injRn, Go,B& dictate the

dependence of the noise figure of the device with the source
admittance through Eq. (3.3). In the approach that we use, the
noise parameters are first estimated by fitting Eq.(3.3) to a
set of source reflection coefficients that span the Smith Chart
(9). Then the source reflection coefficient is set to the
predicted optimum for minimum noise (r.), and an

experimental gradient search of Fmi n is made. This procedure

removes the fitting errors from Fmi n @ r..

4.1-Noise P~

The experimental setup of Fig. 1 has to be slightly
modified to allow for noise parameter measurements (Fig. 2).
The DUT block now has to include an input isolator (lI), tuner
and “device of interest” (DOI). The noise figure of the DOI can
be found from that of the DUT and Eq.(3.2). Specifically:

Fdo”l = Fdut Gav_dln

where DIN stands for “device input network”,
indicated in Fig. 2.

flGURE 2. DUT FOR NOISE PARAMETER EXTRACTION

(4.1)

as

5- ERRORANALYSIS

As pointed out earlier, r. is directly measured in the

experimental gradient search of Fmin. Therefore its accuracy

depends solely on the capability of the network analyzer used.
However, F . “mln’s determined from experimental data through
Eqs. (3.4) and (4.1); its ultimate accuracy depends on the
errors introduced by both the noise figure meter and the
network analyzer.

Equation (3.4) can be simplified by making the following
approximations in the available gains involved (8):

G av_oi_na = ls21_oi12

&_oi@ = b ‘Ircwt dut/2)l%l_ol/2—

G du, hdutfav_ .

(11- rsxst_dut~)

(5.1)

where the new symt.wls introduced are defined as:
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%l_oi’ parameter ~, of the 01
%f_d”t: parameter S2, of the DUT
rout dut: Output reflection coefficient of the DIJT

wh~n connected to the noise source.

Under these assumptions Eq.(3.4) reads:

Fdutz Frd_ns -
(F rcv_nS ‘hJLdut[2 -1]

lS21_dut/2

(5.2)

Equation (5.2) agrees within a few percent with the
values given by Eq.(3.4), and from it we can conclude that the
errors in the measurement of the phases of the S parameters
play a secondary role compared to those of their magnitudes,
provided that lrout dutl and1S21 dut! are measured

directly.

Taking the proper partial derivatives in Eq.(5.2) and
after some algebraic manipulations it can be shown that:

(Ukf.!rt= 1+ 1 (2F rsv_ns
Fdut

))

-1 Rnf+
Gsv_dut Fdut 1- /rwt_dutf

+ 1

[

rout_dut~ + Fr.v .s -, ~8

~v_dut Fdut 1- bout_dutF- )

(5.3)

Rnf m Rm being the percent errors introduced by the

noise figure meter and the network analyzer respectively, i.e:

Rnf..f ; Rn8= A([S2112)

1s2112

(5.4)

Equation (5.3) summarizes all the important aspects of
the error performan~ of the measurement system, namely:

- The errors depend on three parameters of the
system (Frcv ns, Rnf end Rm) and two

Parameters d~termined by the device (the Droduct

%v_dutFdut and lrout_dutl )- ‘
- For ~ given device, the errors increase as Frcv ns,

~ f end Rna increase.

- For a given system, the errors increase as the
product Gav dutFdut -e-sad ~ lrout_dutl

increases.

derived from the uncertainties (in dB) in the noise figure
meter and the network analyzer setup, i.e.:

Rnf = 100”1 Rnf(dB).l

(5.5)
for Rnf and similarly for RM.

The HP8970 application manual (4) specifies a noise
figure uncertainty of 0.25 dB for frequencies above 1,5 GHz.
This inciudes several factors that generate uncertainty when
the instrument’s standard calibration procedure is used.
They include the uncertainty in the matching of the DUT and
the second stage correction uncertainty. These factors should
not be inculded in Rnf when the present calibration method is

used, and they have been removed from the noise figure meter
uncertainty giving a value of 0.18 dB for Rnfi

The uncertainty in 1S21I2 is determined by the network

analyzer setup, In our case the errors caused by calibration
and external cabiing dominate those generated internally by
the instrument (HP 8753), i.e. its typical uncertainty
(M1.005 dB) (1O) is not a liming factor for Rw A value of

about 0.05 dB has been achieved by minimizing the length of
flexible cable and careful connector handling.

The remaining relevant system parameter is Frcv n~.

Its value is dominated by the noise figure of tha externa~
amplifier (see Fig.1). Poor phase stability of the synthesizer
can degrade the value of Frcv_ns OUrsystemhasa noiw
figure of 2.2 dB at 3 GHz and uses a GWS 2-4 GHz ampiifier
and a HP8673A signal generator.

Equation (5.3) has been plotted as a function of

%v_dutFdut with lrout_dutl as a parameter (see Fii. 3) for
the valuesof Frcv_ns, Rnf and Rm of our system . Note that

when the PrOCfuCfGav dutFdut is high, the noise fi91Jreof the

DUT dominates the o~erall noise figure of the setup in Fq.1

and AFdut j Fdut is given by Rnf, which is the common

horizontal asymptote for all cutves in Fig.3 .

6- ERRORS iN DOI

Once the noise figure of the DUT is determined, FM can

be be found through Eq.(4.l ). It follows from this equation
that the uncertainly in F& is given by:

AFdai _ AFdut + AGsv_din—_—
F$oi Fdut Gsv_din

A few algebraic manipulations show that

AGsv_dln ~ dS21p) + 1 1s2212

Ga._d in (s~,f IS21F 1- [s2212

(6.1)

A ( ]s2212)

1s2212

The values of Rnf and Rm to be used in Eq. (5.3) are (6.2)
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FIGURE 3 FIGuRE 4
Uncerlamy in Fdut vs. DUT characteristics Percent error in Fdut vs. magnitude
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where the s-parameters shown refer to those of the DIN
(Fig.2). The first term in Eq.(6.2) is RM as defined in

Eq.(5.4). Similarly AIS2212/IS2212 is a measure of the

uncertainty in 1S221. If we assume that it equals Rm and

perform a few simplifications, we get:

G-d’+L%lRna

AGav_din

(6.3)

7- SYSTEM VERIFICATION

Proper operation of the system can be verified by
inserting passive devices as DOI. When this is done, both the
DUT and the DOI are passive, and their noise figures (F) are
given by the inverse of their available gains (Gav). In these

casesAF/F is given by (1-F*Gav).

FigUre 4 shows AFdu{ Fdut VerSUS Irout dutl aS

calculated by Eq.(5.3) (solid line) versus the relative error
found from Gav_dut -which is calculated from s parameters-

(dots in Fig. 4). The latter has been done with four different
DOI’S and for each of them rs was adjusted to the set of seven

values used in the first step of our noise parameter
determination procedure (9),(1 1).

The same comparison has been made in Fdoi. It has been

found that the uncertainty increase in F*i with respect that of

Fdut is negligible if a good network analyzer calibration is

achieved. This is consistent with Eq. (6.3).
Our experience indicates that proper system operation

relies heavily on being able to achieve good calibration,
particularly for the network analyzer. The value of Rm

increases when this is not done, making it difficult to achieve
good error performance for high values of lrout_dutl.

A verification procedure like the one implied in Fig. 4 is

necessary to determine whether or not the calibration should
be repeated.

6- MEASUREMENTOF SFFT DEVICE. CURRENTWORK

The noise fiiure measurement system described was
used in a previous work (11) to determine the noise fiiure of
a SFFT at 3 GHz. Since the DOI included the fixture and access
cables to the dewar, the resulting Fmin should be an upper

bound for that of the SFFT itself.

The minimum noise figure was measured at 0.9dB for a
source reflection coeff. of rs= ro=O.l 7<-83° . We are

currently fabricating more devices in order to asses the
repeatability of this value of Fmin, along with providing

reliable error bounds with the verification method presented
in this article.
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