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temperature of the IF amplifiers (4-8 GHz) in useyipically

Abstract—Radio astronomy heterodyne receivers based on SIS about 5K and depending on available transistor& 2@ be

mixers and hot electron bolometers always use cryegic low-
noise IF amplifiers. Modern HEMT-based amplifiers have the
noise temperature of a few Kelvin. In order to havegood
understanding of the system noise contribution its of interest to
characterize IF amplifier noise accurately. Another important
reason why one should know the noise temperature ofhe
amplifier more accurately is that this is the main parameter,
which drives the amplifier design and thus is of agreater
importance for cryogenic amplifier development. Wicly used
cold attenuator (CA) method includes several unrecerable
sources of errors such as losses in the coaxial tey temperature
dependences, temperature gradients and accuracy
measurement of the attenuators physical temperatureThe error
of the CA-method is of the order of 0.5 Kelvin. Tis can be as
much uncertainty as almost 30% of the measured amifier noise
temperature.

This paper describes a way to improve the accuracegf the
LNA characterization by using a SIS-junction as aasurce of shot-
noise. When SIS junction biased in the linear parabove the gap,
the equivalent noise temperature of the shot-noise dependent on
the bias voltage and the fundamental physical corestts only. The
result is an extremely well defined source of nois¢lowever, the
most challenging part of this is the losses due toatching to a 50
Q coaxial line, which is typical interface of an LNA In order to
reduce the complexity of the design and remove theeed of
matching network, the SIS junction should be manufetured with
normal state resistance Rr&50Q. Additionally, in order to
provide a wideband operation of such precession re® source a
special matching circuitry is necessary to ensurehé source
impedance will be matched within desired frequencyand of 3 -
10 GHz.

in

Index Terms— Amplifier noise, Cryogenic electronics, Noise
measurement, Superconductor-insulator-superconductadevices

I. INTRODUCTION
IN most radio astronomy front-ends cryogenic lowseoi

achieved [1].

The purpose of this project is to increase theiay for the
noise characterization of the cryogenic amplifiehat is
developed and built by our group. It can be used
characterize one amplifier to be a reference to paye or
calibrate the usual measurement setup or directd ufor
amplifier characterization. The current method se us the
cold attenuator and [2] shows that the accuracyalisut
+0.74K. Considering that the measured values gpected to
be in the range of 4-5 K, this error is quite lartgegive
desirable accurate measurements. Y-factor methed os
make the characterization employs a noise soureeegl
outside the cryostat; with the use of an attenuatboithe
amplifier input the influence of errors in loss iegttion in
cabling to the amplifier is reduced. Another
considered in [2] is the hot-cold method employéngariable
temperature load placed inside the cryostat. THacYer is
used also here but the physical temperature ohihé load is
changed inside the cryostat. Better accuracy, taHodOK, is
estimated [2] but the change between the hot alibistates is
more time consuming procedure as well as the lads the
thermal gradient in the cable connecting the load the
amplifier under the test.

The current project is based on using a supercdimgutinnel
junction, SIS, as source of shot-noise. Physicaktamts and
the bias voltage define the power of the shot-nasel thus
the equivalent load temperature is defined pregigdien the
junction is operated in the linear region of itsreat-voltage
characteristic above the gap voltage. The advantdghis
idea compared to the usual hot-cold method is aliaparts
have the same physical temperature and thus nondher
gradient affecting the accuracy is presented, see E
Consequently, the SIS noise source can be direotipected

(LNA) HEMT amplifiers are used as a second IF stagl® the amplifier, which reduces possible errorgatimations

following the superconducting mixer. For observasiaip to

of cable losses and connectors, also the changed&ethot

around 100 GHz HEMT can be used as a front-endsa\oidnd cold load occurs much quicker. Since the stracts
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based on superconductivity the operating tempegatwst be
well below 9K since Niobium-based SIS is used. WW&eh
chosen dip-stick measurements, when the sourcamaptifier
is immersed into liquid Helium providing quick methwith
well-known physical temperature,
mechanical design of Device Under Test (DUT) iscty
limited to the Dewar’s neck. In comparison the ctpb

to

method

though the sized an



16th International Symposium on

method requires a cryocooler supporting 4K insteadur
current 12K, but the mechanic design is less astti

Power
meter

Noise

Source Cable

Fig. 1. Schematic of Y-factor measurement setupgravthe source is placed
close to the device under test and at same antieiepterature as the DUT.

SOURCE

(1)

Il.
The concept of this work is to use a SIS junctientlze
source of noise. The technique has been used kegianing
of 90’s as a built-in IF diagnostic system for B receivers
[3]. Instead, we use the SIS junction primarily foe purpose
of generating noise to be able to perform accu¥afactor
measurements. Since this is the main purpose, ébigid can
be optimized to reach as good as possible couplétgieen
the junction and the output connector without traffe. When
a junction is biased in its linear region, above gap voltage,
the current fluctuations whehf <<€V, is given by [4] as
: elV,
<' 2> = 2[80 55 (Vyias) (B E:Ot"(m—bas.j
wheree is the electron charg¥,ss is the DC voltage over the
junction, B is the bandwidtlk is Boltsman’s constant and T is
the ambient temperature. At low temperature anihenlinear
region the coth-term becomes unity. The shot-ngeseerated
by the junction when biased in the linear regiodefined by
em/bias (2)
2[k
This results in a linear slope of the noise tempeea of
Te[b.8 K/mV. Variable load temperature Y-factor
measurements can be done with the source temperafur
about 20-60 Kelvin for the “cold load” bias slighthbove the
gap and for the “hot load” at a higher voltage,ta@l0 mV.
The design has been done to be reasonable insensiti
variations in the processing of the SIS structuré mounting
the sample in the holder. The SIS structures avdymed in-
house with Nb-based tri-layer thin film processiSgbstrate is
crystal quartz to ensure good thermal propertiesesthe bias
point will be higher than normally used in mixesge Fig. 2.
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Fig. 2. Cross-section of a SIS junction used asc& Structure is built on
quartz substrate with thickness of 150 micromdtayer thickness starts at
150 nanometer and increases with 100 nm per layer.

lll. DESIGN

A. Electrical design

Considering the chip itself, the first layout waend in
Agilent ADS where tuning and tests of different eggrhes
are quick and easy. In the schematic mode in AD$ate is
taken about coupling between the closely spacegonents.
As a complement, HFSS was used to get more accuadel
of the circuit. Results from HFSS were exported Se
parameters and used in ADS since the junctionssji@sahave
to be taken in to account. The reason is thatapeut needed
to be divided into two parts since the junction wdtdobe
embedded inside the model, it is also quicker talem
simulations and combine them when a change is dahgein
one part of the circuit instead of redo the simatatfor the
complete structure. To make the source matchedh&
standard 50 ohm, the SIS junction is designed ve kanormal

state resistance (Rof 50 ohm. This solution with such high

R, was chosen instead of designing a matching netfaork

typical R, in the range 5-15 ohms. Thus, no matching of the

impedance needs to be done, and the circuit layitlutonsist
of a fewer components and so both design/simulatiitinbe
simpler and more accurate. The actuabRthe manufactured
junction compared with the designed can differ & b
general, a common solution to increase theiRRkthermal
annealing at 130-150 degrees Celsius. Aiming & aslightly
lower, say 45 ohm, the sample can be heated imaotied
way until a good result is achieved.

First idea was to have a simple chip and an extdrias
network, but small variations in connections froon@ wires
seemed to have much influence on the performanak
required precise control over bonding. It was tfe@eedecided
to remove the bias network such that the bond wodse of
less influence, see Fig. 3. The chip size becofern x 5.5
mm and is connected to the SMA connector by joirting
connector against the chip with pressing pure imdiin
between. The same method is used for the connetdidine
ground. Biasing is done with 4-wire method and & &urrent
controlled.

an
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Fig. 3. Layout of the chip. To reduce the influenmeshape and exact
placement of bond wires, parts of the bias netvi®gaced on the chip. This
is the reason why the inductor is integrated orctiip.

B. Dip-stick

For the measurements to be done with the dip-gtiek
allowed dimensions were limited by the opening diten of
the Dewar, which is 50 mm, some margin is obvionggded.
structure to be cooled should preferable be lightetluce the
consumption of liquid helium. This limited also tdesign of
the amplifier to be measured, and the current deségl to be
modified to fit in to this size. The probe parttbé dip-stick is
made to be flexible in sense of further changes dre used in
other projects as well if needed.

IV. MEASUREMENTS

Fig 4. Print screen from the program written in Yibdows. Graphs shows
the calculated DUT gain and noise temperaturentbasured spectrum from
the analyzer and the IVC of the junction with tlsed bias points used for the
cold and hot load.

V. CONCLUSION

A new method for characterization of cryogenic lpeise
amplifiers were presented and tested experimentally
According to the first measurements the method seem
promising, although much more care should be taten

The measurement setup consists of current sourgepvide and keep high accuracy of characterization.

voltmeter, power meter (power meter or spectrumyaeg)

and a computer (see Fig 4) with GPIB interfacedot®l the
setup. For the first tests a spectrum analyzer wsesl to
measure over the spectrum (3-9 GHz), also a powssmwith
a band-pass filter for 4.0-4.5 GHz were tested. ighes!

bandwidth for the amplifier is 4-8 GHz. Correctidios losses
and noise contribution in the cables and the roemperature
amplifier were done. More care should be takenate tthe
linearity and eventually offsets in to account,0al, of the
used chip was 37 ohm instead of the aimed 50 ohunnan
correction were done for that in this first test.

advantage to show the whole band for the amplifiéith the

drawback of unreliable results since each point sl |5

bandwidth and even with averaging results varigteca lot.
The results with use of a power meter were muchenstable

since a band-pass filter of 500 MHz was used. eor only a [3]

filter with center frequency close to the edge ahd were
available, instead of in the middle, which would/egimore
reliable value of gain and noise temperature. Avieck with
this approach is clearly that different filters reeded
depending on which frequency should be measured.

(1
Measurements done with the spectrum analyzer has th
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