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Superconducting diffusion-cooled hot-electron bolometer (HEB) mixers are ideal candidates for 

use in terahertz heterodyne spectroscopy (THz).  This thesis investigates mixer performance as a 

function of the superconducting transition temperature (Tc).  In the present work, three different 

materials systems have been used to obtain devices with Tc between 1 and 5.5 K – Al, Nb in a 

magnetic field, and Nb-Au. The mixing measurements were conducted in a 30 GHz microwave 

setup with the mixer block at T = 0.22K.  Microwave measurements are used to understand the 

underlying physics of the HEB mixer, and are a guide for the future development of THz 

receivers. The mixer noise temperature is found to be equal to approximately 25 times Tc, and the 

dominant noise is assumed to be thermal fluctuations.  The LO power is found to equal (0.7 

nW/K2) · Tc
2 when the HEB is cooled to well below Tc.  As for saturation effects, input saturation 

is expected when the incident noise power is greater than (0.14 nW/K2) · Tc
2, and output 

saturation should result for incident power greater than (27 pW/K2) · Tc
2.  Additional performance 

limitations are observed in Al devices which have a long coherence length.  Superconductivity is 

suppressed in the ends of the microbridge due to the proximity effect. This results in a minimum 

bridge length of ~ 6-7 ξ(0) for superconductivity to be observed, therefore imposing an upper 

limit for the IF bandwidth of approximately (8 GHz/K) · Tc for N-S-N HEB structures. Output 

saturation is also more likely in Al devices with normal ends.  Nb-Au mixers perform the best and 

are very convenient with their tunable Tc.   A mixer Tc of 2 K is predicted to be optimum for 

many applications.  Such devices should have lower noise than Nb and should not exhibit 

saturation effects. 
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the bias point off the sensitive part of the transition.  Numerical simulations are used to 

model this effect.  For the ends of the microbridge, the resistivity is modeled as being 

independent of temperature and equal to the normal state value.  A superconducting 

transition at Tc is used to describe the center of the microbridge.  Several different lengths 

of the normal edges are used in the calculation.  In Figure 9.4, three types of R vs. T 

curves used in the calculations are shown.  The one in dark black models the entire bridge 

as having a superconducting transition, and the resistance drops to zero below Tc. The 

other two curves consider the case when 35 % and 50 % of the total bridge remains 

normal because of the proximity effect.  An experimental R vs. T curve for Device D is 

also plotted.  The experimental curve is most similar to the case when half the device 

remains normal below Tc.  The conversion efficiency as a function of bias voltage is 

calculated for each of the three simulated R vs. T curves.  From this data, ∆V-3dB, η  is 

extracted.  In Figure 9.5, ∆V-3dB, η  obtained from the simulations is shown as a function 

of mixer Tc.  The three traces again represent cases where the microbridge is fully 

superconducting and has two different residual resistances.  As a larger fraction of the 

microbridge remains normal, ∆V-3dB, η  decreases.  For the 50% normal case, ∆V-3dB, η  ~ 

10 µV for Tc = 1 K.  This is in good agreement with the experimental data for Al.  

Therefore, the incident power resulting in output saturation is significantly smaller for a 

N-S-N HEB in which the normal microbridge edges comprise a sizable fraction of the 

total device length. 
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Figure 9.5:  Calculated values for ∆V-3dB, η  as function of Tc for different normal 

fractions of the microbridge.  

 
 
 
Figure 9.4: R vs. T curves used in the numerical simulations and the R vs. T curve 

for Al Device D with H=0.12 T. 



9.3 Observing Saturation 

 

In order to test the formulas obtained for the noise power that results in saturation 

effects, we measured the mixer conversion efficiency when a broadband noise signal is 

combined with the monochromatic RF signal.  The power of the background noise signal 

is controllable, and it is therefore possible to identify at what noise power level the 

conversion efficiency degrades.  We placed a commercial 2.4 mm 50 Ω termination on 

the input port of a 26.5-40 GHz high gain amplifier to generate the broadband noise. The 

frequency window through which there is good transmission is from 26.5-34 GHz due to 

the upper frequency cutoff of the 3dB couplers.  Device D was chosen for the saturation 

measurements since it has an IF bandwidth of ~ 4 GHz.  Choosing 30 GHz for the LO 

frequency ensures that nearly all the broadband noise will be down-converted by the 

mixer.  In Figure 9.6, the I-V curves for Device D with and without noise power added 

are shown.  For small noise power, the I-V curves look approximately the same.  When 

large powers are applied, the critical current decreases and the mixer is ‘overpumped’. 

The maximum measured conversion efficiency is plotted as a function of incident noise 

power in Figure 9.7. A decrease in conversion efficiency is observed for incident powers 

as small as 3-10 pW.  This power is more than 30 times smaller than the LO power, so 

the drop in conversion efficiency is very likely due to output saturation.  At much higher 

incident powers, the poor performance is due to a combination of input and output 

saturation.  For 10 pW of input noise power, the corresponding background noise 

temperature is 90 K.  Therefore output saturation is seen for this Al device when the 

background noise temperature is 90 K or higher.   
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Figure 9.7:  Conversion efficiency as a function of applied noise power for Device 

D. The DC bias voltage is ~ 280 µV.  Noise power is applied in either the 26.5-34 

GHz band or the 1-8 GHz band.

 
 

Figure 9.6:  I-V curves for Device D as a function of applied noise power at the 

mixer input.  All the curves have 0.32 nW of LO power applied. 



To try to simulate input saturation and to separate input and output saturation effects, we 

applied noise at lower frequencies also. The frequency of the noise generator was 

lowered to 1-8 GHz using a different HEMT amplifier with a termination as the noise 

source.  In the simple mixing model, most of the noise power in this case is not down-

converted to the IF since the LO frequency is 30 GHz and the IF bandwidth is 4 GHz.  In 

Figure 9.7, the conversion efficiency in the presence of 1-8 GHz noise is also shown.  

The conversion efficiency now drops at much higher incident noise powers.  A noticeable 

drop is seen at ~ 100 pW which is approximately 30% of the LO power.  This effect is 

most likely due to input saturation and is in good agreement with the saturation criterion 

discussed in Section 9.1.  Finally, the LO power is reduced with 170 pW of noise power 

applied to see if the conversion efficiency can be restored.  The I-V curves for different 

LO powers with a constant applied noise power are presented in Figure 9.8.  Decreasing 

the LO power does yield an I-V curve similar to case when no noise power is applied.  

However, the conversion efficiency, as expected, does not recover.  The conversion data 

is plotted in Figure 9.9.   With the saturation experiments, both input and output 

saturation effects have been observed and occur at approximately the predicted input 

noise power levels.   Therefore, the relations for maximum input noise power can be used 

as a guide in choosing mixer Tc so as to avoid saturation effects. 
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Figure 9.9: Conversion efficiency as a function LO power for Device D, with and 

without a noise background added. 

 
 
 
Figure 9.8: I-V curves for Device D as a function of LO power.  All the curves have 

an applied noise power of 170 pW in the 26.5-34 GHz band. 



Chapter X:  Dependence on ∆Tc 

 Up to this point, we have assumed that the mixer transition width ∆Tc is << Tc.  

The simplification was used in Chapter II to derive simple relations for mixer 

performance as a function of Tc.  In the numerical simulations, narrow transitions widths 

have also been used until now.  The theoretical predictions in the limit of a narrow 

transition width yield a mixer noise temperature and an operating voltage range (∆V-3dB) 

that scale with Tc when operating in the region of best conversion.  The LO power is 

proportional to Tc
2 at low bath temperatures.  The transition width does not enter these 

formulas.  From the experimental data, these mixer properties were indeed shown to scale 

with Tc as predicted.  

 In this chapter, mixer performance at a fixed Tc and its dependence on Tc are 

studied for different values of ∆Tc.  Similar to the simulations already presented in 

previous chapters, the numerical model is used to calculate the conversion efficiency, 

mixer noise, LO power, and ∆V-3dB.  The value of ∆Tc was taken to be ~ 0.1 Tc in all the 

previous simulations.  In the present set of calculations, ∆Tc / Tc is varied from 0.02 to 

1.5.   Using this data, an upper limit for ∆Tc / Tc is approximated.  For normalized 

transition widths up to this upper limit, no significant performance degradation is 

observed.  Also, the simple scaling predictions are also still observed.  The transition 

widths for nearly all the HEB mixers studied are less than or equal to this maximum 

calculated transition width. 

 When the width of the superconducting transition becomes large, the conversion 

efficiency decreases.  The parameter α0 characterizes the operating regime of the mixer 
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since the conversion efficiency is proportional to α0
2 (Equation 2.46). The quantity 

dR/dT is smaller for wide transitions and the parameter α0 also decreases as the transition 

width is increased.  The detailed dependence of α0 on ∆Tc is a bit complicated.  For 

narrow widths, increasing the bias current can compensate for a slight broadening of the 

transition.  However, for very wide widths, α0 does decrease.  In Figure 10.1, the 

calculated maximum conversion efficiency is plotted as a function of ∆Tc / Tc. For each 

data point, the LO power has been optimized for conversion efficiency. Three different 

 
 
Figure 10.1: Calculated conversion efficiency as a function of transition width.  
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values of Tc are chosen, 1 K, 3 K, and 6 K.  For each Tc, different widths are sampled.  

From Figure 10.1, the conversion efficiency does not decrease significantly if ∆Tc / Tc is 

less than 1/3.  For larger ratios, the conversion efficiency is several dB lower than the 

optimum value.  A similar plot to Figure 10.1 is made for the devices measured.  The 

transition width for the experimental data is defined using the total resistance drop at Tc, 

∆R.  The onset of the transition is the point where the device resistance is RN - 0.1 ∆R, 

where RN is the resistance above Tc. The temperature at which the resistance is RN - 0.9 

∆R is taken to be the end of the transition.  This definition is useful for comparing 

devices that have a finite resistance below Tc, namely the Al mixers, and Nb devices that 

simply drop in resistance from RN to 0 at Tc.  In Figure 10.2, the conversion efficiency for 

Devices D,E,G, K, and L are plotted as a function of ∆Tc/Tc.  All the devices in the figure 

have a conversion efficiency of ~ -10 dB, with the exception of Nb Device K with H = 

2.0 and 2.5 T (indicated with a circle in Figure 10.2).  Mixers with ~ -10 dB conversion 

have ∆Tc / Tc less than or equal to ~ 0.4.  The experimental data agree well with the 

prediction that no decrease in conversion should be seen if ∆Tc / Tc is about 1/3 or less. 

Nb Device K operated with a high field has a much broader transition than in zero field, 

and also has significantly poorer conversion efficiency.  In addition to a broad transition, 

Nb Device K in a high field has a small critical current compared to both Nb-Au and Al 

mixers.  Typically, poor conversion is observed in mixers with an unpumped critical 

current of less than ~ 4-5 µA.  

 Having defined a range of transition widths over which no significant degradation 

in conversion efficiency is observed, we have to verify if the mixer properties scale with 

Tc in this range.  So far, we have discussed the dependence of TM, PLO, and ∆V-3dB on Tc.  
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The numerical model is not well suited for studying the noise temperature in the case of 

very broad transitions.  When the conversion efficiency decreases for the case of large 

∆Tc, the mixer noise is no longer dominated by thermal fluctuations.  Johnson noise 

becomes non-negligible.  Since the model only treats thermal fluctuation noise, it cannot 

predict the dependence of TM on Tc when Johnson noise has to be considered.  However, 

it is possible to verify that the mixer noise temperature due to thermal fluctuations is 

proportional to Tc for ∆Tc / Tc < 0.33, where no significant decrease in conversion 

 
 

Figure 10.2: Experimental values of the conversion efficiency as a function of the 

transition width. The two Nb data points with circles are for Device K with H = 2.0 

(left) and 2.5T (right).  The conversion efficiency is poor and the transitions are 

broad with a high field applied. 
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efficiency is expected from the narrow transition value.  The model does in fact predict 

this linear dependence, and is shown in Figure 10.3.  For the LO power, no change is also 

observed up to ∆Tc / Tc ~ 0.33. Finally, the operating voltage range over which the 

conversion efficiency drops by 3 dB – ∆V-3dB, η – is also nearly constant over the same 

range of transition widths.  This data is presented in Figure 10.4.  Therefore, mixers with 

∆Tc / Tc < 0.33 should perform well and the scaling predictions explored in this thesis 

should be valid.  This range of transition widths is readily achievable with current 

fabrication processes.      

 
 
Figure 10.3: Calculated mixer noise temperature due to thermal fluctuations only as 

a function of Tc. The different traces are different transition widths. 
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Figure 10.4: Calculated values for ∆V-3dB,η as a function of transition width.  The 

three traces are for different values of mixer Tc. 



Chapter XI:  JPL Al HEB Measurements 

 HEB mixers are being developed for astronomical applications in THz frequency 

heterodyne receivers.  The microwave measurements presented in this thesis, through an 

exploration of the underlying device physics in HEBs, are intended to be a guide for the 

development of these receivers.   A true test of the feasibility of low Tc diffusion-cooled 

mixers requires testing at THz frequencies in both laboratory experiments and in actual 

receivers.  Receivers based on Nb-Au mixer technology are currently being developed for 

use in ground-based observatories.  No tests of these mixers at frequencies greater than 

30 GHz have been performed yet.  As for Al devices, mixing measurements at f ~ 600 

GHz have been carried out at JPL (Skalare et al., 2001).  The results of the JPL 

measurements do not agree in certain aspects with the microwave data.  The conversion 

efficiency measured at 600 GHz is lower than that measured at 30 GHz by 10 dB or 

greater.  For operation at similar bias conditions, the approximate absolute conversion 

efficiency at 600 GHz is less than –20 dB. 

 A recent theory has predicted that Al HEBs should not work well at high 

frequencies (Semenov and Gol’tsman, 2000).  This work cites the absence of inelastic 

electron-electron interactions as the cause of poor performance at f ~ THz.  Since the LO 

frequency is much larger then the energy gap, the incoming radiation will produce very 

high-energy single particle excitations.  In the absence of inelastic scattering, energy 

exchange between these single particles does not occur.  High energy excitations are not 

effective in suppressing the superconducting energy gap, and therefore a large LO power 

would be needed to put the mixer into the operating state.  Devices that do not have 
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inelastic scattering must be very short and of low resistivity.  From the experimental 

results presented, such devices cannot be superconducting if they are contacted with 

normal pads.  As a result, the predictions in Semenov and Gol’tsman (2000) are for the 

most part not relevant for Al HEB mixers.  Additionally, one of the main predictions of 

this theory is that PLO > µW for Al mixers.  This increase of LO power is not observed in 

the 600 GHz measurements.  The output power of the LO sources used in these 

measurements is ~ 100 µW, and the estimated maximum power coupled to the device is 

less than 200 nW (Skalare et al., 2001).  Also, poor conversion is measured in devices 

with L = 1 µm which are clearly longer than estimates of the inelastic length.  Therefore, 

it is unlikely that the discrepancy in conversion efficiency between the 30 GHz and 600 

GHz data is due to the absence of inelastic scattering in the microbridge. 

 A possible reason for poor performance at 600 GHz is saturation.  The 600 GHz 

setup uses quasi-optical techniques to couple radiation to the mixer.  Background 

radiation levels that impinge on the mixer are much higher in the quasi-optical setup than 

in the microwave setup.  In the latter, cryogenic attenuators are used to reduce the 

thermal background noise power by almost three orders of magnitude.  It is possible that 

the additional thermal background radiation of the 600 GHz setup saturates the Al 

devices.  Input saturation is not likely since this would require significantly heating the 

electrons in the microbridge and would change the apparent Tc of the mixer.   The R vs. T 

curves of the Al devices measured in the 600 GHz setup and the 30 GHz setup are 

similar.  Output saturation, on the other hand, is possible. In the microwave 

measurements, ~ -10 dB conversion is observed for Al devices, but only over a very 

narrow bias voltage range.  A noise voltage of 5-10 µV is sufficient to degrade the 
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conversion efficiency by 3 dB.  To reduce the noise background, thin films of absorber 

have been placed on cold internal mirrors and on the lower temperature shields of the 

cryostat.  These films should act as attenuators, in much the same way coaxial attenuators 

are used in the 30 GHz setup.  However, the initial results of these measurements do not 

show an improvement in conversion efficiency. 

 The difference in conversion efficiency measured in the low and high frequency 

measurements is not completely understood.  It is possible that output saturation is the 

cause, though further work is needed to verify this.   In any event, based just on our own 

30 GHz results, we find that output saturation will be a problem in any practical receiver 

based on Al mixers.  Nb-Au mixers, on the other hand, should be able tolerate a larger 

noise background than Al.  Nb mixers with Tc ~ 5- 6 K clearly can work in a quasi-

optical setup (Wyss et al., 1999). Tests of Nb-Au mixers with varying Tc at THz 

frequencies are essential for characterizing the lowest Tc mixer that is practical for use in 

receivers.   
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Chapter XII:  Conclusions 

 The goal of this work has to been to improve the performance of diffusion-cooled 

HEB mixers through a reduction in their Tc.  At the start of this research, Nb diffusion-

cooled mixers with Tc ~ 5- 6 K had been successfully tested at both 20 GHz and at THz 

frequencies.  Two major improvements were anticipated in lower Tc mixers, a reduction 

in mixer noise and in LO power.  Both of these predictions have been successfully 

verified.  In addition to performance improvements, limitations arising from lowering Tc, 

which had not been anticipated, have also been characterized.  HEB mixers with lower Tc 

are more prone to saturation effects. Additionally, materials with a long coherence length, 

such as Al, exhibit a suppression of superconductivity in the ends of the microbridge in 

the presence of large normal-metal contact pads.  The proximity effect causes the edges 

of the microbridge to be in the normal state.  For these devices, only a fraction of the 

normal state resistance drops at Tc, making it possible to operate the mixer in only a 

narrow range of input power.  Very short devices do not become superconducting at all 

and this limits the minimum length for a HEB with normal contacts.  Such a limitation on 

the device length imposes an upper limit on the IF bandwidth.   At the conclusion of this 

work, a more balanced pictured has emerged regarding low Tc HEB mixers.  The initial 

ideas about lowering mixer noise and LO power were indeed correct, but Tc cannot be 

lowered indefinitely.  Saturation effects limit the utility of very low Tc mixers.  

Therefore, the idea of an optimum mixer Tc has evolved with this work.  For most 

applications from 1-3 THz, a Tc of 2K is predicted to be optimum.  Mixers with Tc = 2 K 
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should have 2-3 times lower noise and 4-9 times smaller LO power than Nb devices, yet 

should not exhibit saturations effects.  

 Among the benefits of lowering Tc is an improvement in noise temperature. Mixer 

noise is observed to be proportional to Tc.  Al devices have the lowest noise temperature 

of all the devices tested, and Nb in zero magnetic field the highest.  Al mixers have a 

DSB mixer noise temperature of  ~ 20 – 30 K with Tc ~ 1 K.  Nb HEBs have a DSB 

mixer noise > 100 K with Tc ~ 5 – 6 K.  Devices with critical temperature in between 

these values have a noise temperature between 20 and ~ 100 K.  Specifically, TM is 

approximately equal to 25 times Tc.  This result agrees with the scaling predicted by 

theory in that TM is predicted to be proportional to Tc when the dominant noise source is 

thermal fluctuation noise.  However, the magnitude of the observed noise is larger than 

predicted.  Understanding this discrepancy is a possible direction for both future 

theoretical and experimental work.   Also, experiments with Nb and Nb-Au devices with 

fully normal contact pads might also shed light on other possible noise sources.  Current 

devices have weakly superconducting areas next to the microbridge that may be adding to 

the total noise of the mixer.   In spite of this disagreement with theory as to the magnitude 

of the scaling factor, from the point of view of receiver design, the mixer noise 

temperature is a linear function of Tc when thermal fluctuations are much larger than any 

other noise source, such as quantum noise or Johnson noise.  Johnson noise will always 

be small compared to thermal fluctuation when the mixer is operated with maximum 

conversion efficiency.  Current Nb HEBs would have quantum noise larger than thermal 

fluctuation noise only at frequencies of several THz.  Therefore for current applications, 
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sizable reductions in mixer noise should be possible through the use of mixers with Tc < 

5 – 6 K.  

 In addition to a reduction in mixer noise, the LO power for diffusion-cooled 

mixers is observed to be equal to (0.7 nW/K2) • Tc
2 when the bath temperature is much 

smaller than Tc.  Devices with lower LO powers are very useful for actual receivers.  

Most convenient LO sources at THz frequencies have a limited power output, typically in 

the µW range.  Reducing the LO power requirement of the HEB makes it realistic to 

consider HEB arrays with currently available LO sources.   The dependence of the LO 

power on Tc
2 is in good agreement with the theoretical prediction. 

 There are, however, some disadvantages to having a smaller LO power 

requirement.  Devices requiring smaller LO power are easier to saturate at the mixer 

input.  Background noise heats the mixer and shifts it away from optimum operating 

conditions.  From the experimental data, an increase in mixer noise is observed when the 

background noise power is 20 % of the LO power.  Consequently, for a HEB mixer with 

a transition temperature of Tc, input saturation is expected when the background noise 

power is ~ (0.14nW/K2) • Tc
2.  Al devices are therefore not practical for most 

applications since the sky background noise is likely to result in input saturation.  On the 

other hand, a mixer with Tc = 2K should not experience input saturation in the presence 

of ~ 150 K sky noise and a 200 GHz input RF bandwidth. 

 In addition to saturating at the mixer input, output saturation is also more likely in 

very low Tc mixers.  Noise voltages resulting from background radiation down-converted 

to the IF band shift the bias voltage away from the optimum operating point. The bias 

voltage range over which good mixing is observed is proportional to Tc, and therefore 
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lower Tc mixers are more susceptible to output saturation.  From the experimental results, 

an input noise power of (27 pW/K2) • Tc
2 is likely to cause output saturation effects in a 

HEB mixer with a transition temperature of Tc.  For devices with Tc = 2 K, output 

saturation should not be a problem.  Al mixers have an especially narrow operating 

voltage range.  This results from sizable fractions of the microbridge being in the normal 

state. Output saturation is likely to occur in Al HEB receivers. 

 The origin of the normal edges for Al HEBs is due to the normal-superconductor 

proximity effect.  The coherence length of Al is much larger than the thickness of the thin 

Al pads that are adjacent to the microbridge.  The normal contacts on top of the thin Al 

pads suppress superconductivity in the thin pads and in the microbridge edges.  It is 

observed that the length of each normal edge of the microbridge is ~ 3 - 3.5 ξ(0).  There 

are two detrimental effects of these normal edges.  First, they reduce the fractional drop 

of resistance at Tc in devices longer than 7 ξ(0).  Therefore, a small shift in bias voltage 

or LO power moves the operating point off the sensitive section of the R vs. T curve and 

performance rapidly degrades.  Second, very short microbridges never undergo a 

superconducting transition when the contacts pads are normal. There is therefore a 

minimum length for the superconducting section of an N-S-N HEB. Microbridges shorter 

than this length are always completely resistive. This minimum length is many times 

larger than ξ (0) since ξ (0) determines the length scale of variation of the gap in an semi-

infinite N-S boundary of equal size.  In the HEB, the normal-metal pads are much larger 

than the small microbridge.  HEB mixers with a length many times longer than the 

coherence length have an IF bandwidth that is determined by the average diffusion time 

of hot electrons from the microbridge.  For these devices, the measured bandwidth agrees 
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well with the expression IF BW = 2

D
L
π .  Shortening the bridge length increases the IF 

bandwidth.  However, since there is a minimum length to observe superconductivity, an 

upper limit exists for the IF bandwidth.  This upper limit depends only on Tc and is (8 

GHz/K) • Tc.   This is still plenty of bandwidth for planned applications, but does 

represent a limit previously unappreciated.  Nb and Nb-Au devices have a short 

coherence length and do not exhibit suppression of superconductivity in the bridge ends.  

This bandwidth limit only applies to N-S-N structures, when all the material adjacent to 

the microbridge is in the normal state. Materials with a large coherence length therefore 

experience limits on the IF bandwidth and are more likely to saturate. 

 The microwave measurements have investigated both the advantages and 

disadvantages of lower Tc mixers.  The key parameters that characterize a diffusion-

cooled mixer scale as a power of Tc when the transition width is small.  From numerical 

simulations, the scaling arguments are predicted to be valid when ∆Tc < 1/3 Tc.  In the 

design of actual receivers, the background radiation level has to be estimated and 

optimum value of Tc is the lowest one at which saturation is not likely to occur.  This 

represents the lowest mixer noise temperature that can be achieved in the presence of the 

specified background noise power. 

 The major experimental task that remains for low Tc HEB mixers consists of 

testing them at THz frequencies. Nb-Au devices are ideal for this task.  In the microwave 

measurements, Tc = 1.6 K has been investigated and shown to have TM = 47 K, DSB.  

The LO power used is ~ 2 nW and the operating voltage range over which TM remains 

nearly unchanged is large, tens of µV.  Devices with these characteristics should not 

saturate at high frequencies. Additionally, adjusting the normal metal thickness can 
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continuously vary the critical temperature of these devices.  Testing a set of Nb-Au 

devices with a range of values of Tc provides a means for experimentally optimizing the 

HEB for its intended application.  Nb-Au mixers have demonstrated state of the art mixer 

performance at microwave frequencies.  Their superb performance and tunability of Tc 

make then very attractive candidates for future THz applications.   
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