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Abstract

The measured gain and noise of a SIS waveguide mixer at 345 GHz have been

compared with theoretical values, calculated from the quantum mixer theory using a

three port model. As mixing element we use a series array of two Nb-Al 203-Nb SIS

junctions. The area of each junction is 0.8 Am2 and the normal state resistance is 52

n. The embedding impedance of the mixer has been determined from the pumped

DC-IV curves of the junction and is compared to results from scale model measure-

ments (105 x). Good agreement was obtained. The measured mixer gain however is a

factor of 0.45 0.5 lower than the theoretical predicted gain. The measured mixer

noise temperature is a factor of 4 - 5 higher than the calculated one. These discrepan-
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cies are independent on pump power and are valid for a broad range of tuning

conditions.

Introduction and measurement set up. 

This study is done as part of an ESA research contract to investigate the feasibility of

SIS-mixers as space qualified THz mixers. Predictions of the mixer performance are

mainly based on the quantum mixer theory, by Tucker, reviewed in I . At lower

frequencies the validity of the theory has been investigated thoroughly 2, and quan-

tum limited noise behaviour has been measured in very few cases 3.

Our main purpose for this study is to identify sources of noise in the receiver and to

asses the quality of the tuning of the mixer. Receiver noise temperatures measured

with the Y-factor method are shown in Fig.l. An overview of the route that we follow

to obtain all information using only noise measurements is outlined in Fig.2.

Measurements were done with two different mixerblocks. One mixer block (TI) a

backshort and an E-plane tuner 4 , and another similar mixerblock (ST), without the

E-plane tuner. We use non-contacting backshorts with two quarter lambda high/low

impedance sections covered with an insulating Si0 2 layer of 200 nm.

As mixing element we use an array of two Nb-Al 203-Nb junctions in series, each with

an area of .8 p.m2 and a normal state resistance of 52 CI. The caRC product of the

array is approximately 5 at 350 GHz. All measurements have been done with a

magnetic field of two fluxquanta in the junctions and over an IF bandwidth (B) of 80
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MHz around 1.4 GHz.

Measured mixer data

The mixer gain (GMM) is calculated from the subtraction of the IF-output power in

response to a 300 K and a 77 K input load. GMM= Rout(300)-Pout(77)}/{Gif.GL-

APin}, where Gif is the gain of the IF-chain, Of is the gain of the IR-filter at 77 K,

and APin is the difference in input power between a 300K and a 77K load on the 77

K radiation screen in the dewar.

To achieve the highest accuracy Gif is determined in situ by using the unpumped

mixer junctions as a calibrated noise source as a function of bias voltage s . The total

IF output power as a function of bias voltage is given by

eV did -2
Pifup ( V) = G

IP 
[2 eBG1 Ide ( V) coth( 

2kT dV
c ( V) +Gi ) +kB (v) 1

2 
+ Ti.,)

and is fitted to the measured power. V is the biasvoltage, and I Dc(V) is the unpum-

ped IV-curve. e is the electron charge, k is Boltzmanns' constant and T is the physical

temperature of the junction, taken to be 4.5 K. G I is the input impedance of the IF.

chain.

Gif is obtained with an accuracy of 5% from the slope of measured IF-power as a

function of bias voltage above aprroximately two times the gap voltage. The noise

temperature of the IF-stage is TiF + r(V) I 2T1sc1, where TIF is the noise temperature

of the HEMT-amplifier (Berkshire Technologies) and ; 01 assembles the noise contri-
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butions from the bath temperature, and possible contributions of imperfect isolation

between amplifier and mixer. r(V) is the reflection due to the impedance mismatct

between the IF-chain and the junction. Since Tif= 3±0.5 K and Tisol=5.5 ± 0.5 K are

obtained from the fitting, the second term, which is essentially depedend of the

dynamical conductance of the junction array, can have a significant contribution.

APin is calculated from Plancks' law. The gain of the dewar window (Gw), the

bea,msplitter (Gbs) and the IR-filter (Of) have been measured separately with a

Michelson interferometer. Gbs = 0.89 ± 1%, Gw =95 ± 2% and Gf = 95 ± 1% for the fre-

quency of interest. In the calculation of the input power on the mixer it is assumed

that the window is at MO K.

GMM is given in Fig. 3 as a function of bias voltage for both mixers.

DeterminatiQn of the embedding impedance 

Knowledge of the embedding impedance is crucial to the theoretical calculation of

the mixer performance of an SIS junction. For design purposes we used a 105 x scale

model of the mixer mount. The impedance measured on the final structure as a

function of backshort position and at optimum E-plane tuner position, is given by the

larger circle in Fig. 4. The estimated geometrical capacitance of the junction array (22

IF) has been added in parallel to the impedance measured in the scale model.

The embedding impedance in the real mixer has been determined from the pumped

IV-curves. We regard the series array of two junctions as one equivalent junction. The

measured and calculated pumped curves are compared using the voltage match

method6, where both the embedding impedance and the pump power are adapted to
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give a best fit. A typical example of a measured and a fitted curve is given in Fig. 5.

The correspondence between the two curves was always very good execpt for a small

region at the quasi particle step above the gap voltage.

The embedding impedance has been determined for various backshort positions at

one (optimum) E-plane tuner position. The expected circle in the Smith chart is fitted

through the points in Fig. 4. The given points are lying in a very small part of one

half lambda cycle of the backhort. The pattern is repeated for the next half lamba

cycle, without a measureable increase in loss. To make that more clear the data of

two cycles are given as a function of backshort position in Fig 4. The data as predic-

ted by the scale model and a direct measurement of the coupled power (the pump

step height) are also given as a function of backshort position. The DC-cur ent at a

biaspoint on the quasiparticle step has been normalized to one.

Comparison between measured and calculated mixer performance 

The embedding impedances determined from the pumped IV-curves (and checked by

the scale model measurement) have been used to calculate the gain and the noise

behaviour of the mixer. We used the three port model in the low IF approximation,

justified by the wRC-product of the junctions and the IF frequency of 1.4 GHz. The

terminations on the LO-port and at both side band ports were each determined

separately. They differed considerably as can be seen in Fig.6, giving the pumped IV-

curves at a single tuner setting for three different frequencies.
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1 QAIN

The calculated mixer gain (GMC)

GMC = 4 GL Gus), I Z01 ( V) 1 2 4' GisbI Z0-1 (11 12)

is given as a function of bias voltage in Fig.3. Z  Z  the relevant elements

of the 3x3 conversion matrix' and Gusb and Gist) are the real parts of the terminating

impedances at both side band frequencies, as determined from the pumped IV-curve.

This gain is directly compared to the gain (GMM) determined from the measure-

ments in Fig.3.

The discrepancy between GMM and GMC is independent of LO-power and also

within a 15% error independent of the tuning conditions. It must be noted this has

only been checked for the points given in the Smith Chart of Fig. 4. Around those

points the fitting of the embedding impedances is the most accurate. For the most

inductive tuning points the discrepancy in the gain is larger. At those points the bias

supply seems to skip over the regions with negative differential resistance, deteriating

the DC-curve and IF-output. For points more to the edge of the Smith Chart the

amount of pump power necessary to get a well developed pump step is larger and the

gap of the superconductor decreases, making accurate fits more elaborate.

2 NOISE

To obtain a measure for the noise contribution of the mixer we compared the
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measured and the calculated total noise output of the receiver in an IF-bandwid h of

80 MHz.

The noise contribution of the mixer is calculated from the DC-IV curve and the

embedding impedances using the current correlation matrix'. As in the unpumped

case the junctions array is regarded as one equivalent junction obtained by dividing

both the measured current as the measured voltage by the number of junctions. The

mixer gain used in the calculation is the gain determined from the measurements.

This means that we attribute the discrepancy between GMC and GMM fully to the

loss/coupling efficieny of the lens/horn/waveguide at 4K in front of the mixe. The

calculated and the measured IF-output power as a function of bias voltage are given

in Fig. 7a. However to get the correspondence at the first pump step as shown in Fig.

7a , an extra input noise power kBTex, with Tex = 80 -± 20 K, had to be added in the

calculation at both side bands  in addition to the shotnoise and temperature noise 

contribution. This value for Tex is again independent of pump power and tuning

conditions within the same restrictions to the tuning range as mentioned in the

calculation of the gain. The calculated and measured noise contributions of the

various parts of the receiver are given in terms of noise temperature in Fig. 7b.

The results in Fig. 7 are for the ST-mixerblock but a similar performance is found in

the TT-block. Though still within the error margin the deviation in the gain has a

tendency to be less in the ST-rnixer compared to the TT-mixer, probably as a result of

the improved fabrication and the use of an integrated horn.

We verified that the extra noise contribution was not a real extra input signal due to

LO-signal at the side band frequencies by filtering the LO with a high 0 Fabry-Perot

filter.



Page 258 Third International Symposium on Space Terahertz Technology

Di5os5iQn and Conclusions 

We compared the performance of two types of waveguide SIS-mixers with the three

port quantum mixer theory. We have obtained good agreement between the scale

model measurements and impedances determined from pumped TV-curves. The

quality of the fittings is very high in the sensitive tuning region of the mixer.

However we observed a reproducible difference between the measured and the

calculated gain of both mixers. The difference can be explained partly by losses in the

lens and horn.

The performance of the backshort seems to be quite lossless regarding the good

agreement between the scale model measurements and the impedances fitted to the

pumped IV-curves.

The noise values are more than a factor of four higher than expected from theory.

This seems to be a general feature of mixers using a series array of junctions. Up to

now we did not yet have single junction mixerrs available.

We acknowledge the financial support of the European Space Agency for this work

under contract 7898/88/NLJPB(SC) and Herman v.d. Stadt for careful reading of this

summary and Anders Skalare in general.
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Captions

Fig. 1 Receiver noise temperature :'or the two types of waveguide mixers measured

with the Y-factor method, corrected for the bearnsplitter loss.

Fig. 2 Overview of the different input an output parameters in the process of compa-

ring the measured and calculated performance of the mixers.

The measurements yield Trec as result of a Y-factor (H/C) measurement. The gain

and noise of the IF(Gif,Tif) and of the mixer(Gm,Tm) are obtained from the absolute

IF-output power at different input loads, knowing the loss and the physical temper-

ture of the input window(Gw,Tw).

The embedding impedance of the junctions is determined either with use of a scale

model or by fitting the pumped IV-curves to the theory. When a scale model is used

the geometrical (and parasitic) capacitance of the junction has to be estimated se-

parately.

When the embedding impedance is known, the mixer performance is calculated as a

function of bias supply at different LO-power levels.

Fig. 3 Measured (+) and calculated ( • ) coupled gain for both waveguide mixers. The

TT-mixer has a 500-50 fl transformer at the IF-port to enhance the gain.

Fig. 4 Embedding impedance as a function of backshort position, as calculated from

the scale model (-+-) and as determined from the pumped IV-curves (0 4). As a

direct measure of the coupled power the pumped step height at the optimum

biaspoint (-0-) is also given as a function of backshort position
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Fig. 5 Measured (-a-) pumped IV-curve at 351 GHz and calculated(-) curve using the

given fitting parameters for the embedding circuit. The admittances are normalized

to the 104 fl.

Fig. 6 Detailed view of DC-IV curve of the series array of junctions, pumped at three

different frequencies. The tuning conditions and the pump power are identical at all

frequencies.

Fig. 7A Total measured ( +,o) and calculated (-) IF-output power in a bandwidth(B)

of 80 MHz at two different input signals, as a function of bias voltage. For the

calculated IF-power an extra noise power of 80kB has been added to the input of the

mixer. The contributions of the shot noise and temperature noise of the junctions

(dPjunctie) and of the IF-stage (dPif) are given also.

Fig. 78 The total measured ( + ) and calculated ( • ) reciever noise temperature as a

function of bias voltage. For reference the contribution to the calculated reciever

noise temperature of the IF-stage (dTif), the junctions (dTm) and of the input losses

(dTw) are also given.
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Fig.
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Fig 7.


