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Nb—Au bilayer hot-electron bolometers for low-noise
THz heterodyne detection
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The sensitivity of present Nb diffusion-cooled hot-electron bolom@i&B) mixers is not quantum
limited, and can be improved by reducing the superconducting transition températutewering

T reduces thermal fluctuations, resulting in a decrease of the mixer noise tempérgture
However, lowelT: mixers have reduced dynamic range and saturate more easily due to background
noise. We present 30 GHz microwave measurements on a bilayer HEB system, Nb—Au, iTwhich
can be tuned with Au layer thickness to obtain the maximum sensitivity for a given noise
background. These measurements are intended as a guide for the optimization of THz mixers. Using
a Nb—Au mixer withTc=1.6 K, we obtainT,,=50 K with 2 nW of local oscillatoLO) power.

Good mixer performance is observed over a wide range of LO power and bias voltage and such a
device should not exhibit saturation in a THz receiver.2@04 American Institute of Physics.
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Spectroscopy of molecular vibrational and rotational linefar exceedsTo, and a reduction ofry, by lowering Tc is
emissions in the submillimeter and terahertz bands provideachievable, and has been observed in past microwave tests of
a powerful tool for astronomers studying the compositionAl HEB mixers® Improvements in noise temperature can be
and evolution of distant objectd.ow-noise terahertz hetero- made without compromising IF bandwidth for diffusion-
dyne detectors are also employed for terrestrial remote sengooled HEBs because the fast thermal time constgnt
ing. Superconducting hot-electron bolometeiEB) mixers ~ which gives rise to a large IF bandwidth is based on electron
are currently being developed and tested for such grounddiffusion, which is independent ofc. For phonon-cooled
based and space-based THz receivers, to provide improvedEBs, in contrast, the IF bandwidth would be dramatically
sensitivity>® This letter presents measurements of areduced ifT¢ were lowered, since,~T:P for electron—
diffusion-cooled HEB based on a composite film, Nb—Au, Phonon coupling, wittp=2—-4* Lower T¢ mixers in gen-
with a tunable transition temperatufe between 1 and 5 K. eral are more prone to saturation both at the input and output
Tc is reduced by the proximity effect of the Au film. This Ports. THz measurements have shown that Al HEBs saturate
Nb—Au HEB can provide an improvement in sensitivity over dué to background photori$We have shown that the lim-

Nb mixers (Tc~6K).* It should also be compatible with ited dynamic range of Al HEBs, seen in microwave mixing
practical levels of background noise in THz receivers, unlike€xPeriments at 30 GHz, does indeed predict these saturation

other low Te HEB mixers(e.g., Al, Te~1.0 K) which are effects!® Thus, 30 GHz tests can be used to initially

prone to saturation effects. qualify or disqualify a given HEB candidate. The dynamic
range depends on the material system, as well asWe

The HEB mixer consists of a thin-film superconducting ) !
demonstrate that reduced mixer noise and reasonably large

nanobridge between two thick, norm@abnsuperconducting
contacts; see Fig. 1. The signal at frequerigycombines
with a local oscillator(LO) to produce a temperature modu-
lation at the intermediate frequendye=|f.—f o|. HEB
mixers, both diffusion-cooled(Nb)®> and phonon-cooled
(NbN),® have demonstrated low double-side-band mixer
noise temperaturel,,~2000 K(DSB) above 2 THz, lower
than Schottky diode mixers. They also require much less LO Nb-Au Bilayer
power. The HEB mixer has an upper frequency limit of Nanobridge
maybe 100 THZ, much higher than demonstrated for SIS Nb
mixers, which are currently limited tb<1.4 THz® 100 T

Improved performance of diffusion-cooled HEB mixers
should be observed in devices with lower transition tempera-
ture than Nb. This is because the dominant noise is due to
thermal fluctuations, which scale &g (Refs. 7 and 8 plus 0 .
quantum noise, which givegy >Tq=hfs/kg; Kg is Boltz- 00 05 1.0 15 20 25 30
mann’s constant. Present HEB devices have mixer noise that T (K)

Normal-Metal
Contact Pads

50 -

R(Q)

-

FIG. 1. Nb—Au HEB device geometrytop) and R(T) characteristic
¥Electronic mail: irfan.siddigi@yale.edu (bottom).
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15 | | 400 begins to occur when the background power Rgygq
~0.1P ;" we therefore specify a limit OPpygn¢<0.2P o
300 =0.4 nW for the Nb—Au mixer withTc=1.6 K. With an

input bandwidth BW- 300 GHz, saturation would occur

’<_§: 200 :},‘3 when the background noise temperatureT jgg,+ 100 K,
= S— With Ppignd= Kg Tokgne BW. Waveguide receivers can meet
100 = this bandwidth requirement, and this limited bandwidth can

also be achieved with quasioptical coupling above 1

THz.31® Quasioptical coupling often is less than 100% effi-

0 cient, and if the losses occur in cold parts of the receiver, the
rf bandwidth could be larger than 300 GHz without signifi-
cant input saturation.

_ _ _ Output saturation results when background noise is

FIG. 2.1 (lines) andTy, (open circlegvs bias voltagd/ for the the Nb—Au downconverted to the IF band and produces a large voltage

HEB. The two hysteretit—V curves correspond tB, =0 (upper curve . i . . . .

andP =2 nW. swing. The mixer in such a situation samples voltage regions

of poor performance. The result is higher mixer noise and

. . . . . lower conversion efficiency than with no background power.

dynamic range are achieved with 2 Nb—Au bilayroxim- The Nb—Au mixer exhibits lowT,, over a relatively wide

ity effec) HEB with Tc=1.6 K. This device should not range of operating voltagd;,,<100 K over a range in bias

show significant saturation effects in the THz range. In mod- 9 P g 9m =~ 9
. . . voltage AV =130 xV. The minimum value ofT,=50 K

ern THz observatories, typical background noise tempera- o

tures are< 100 K 13 Is obtained forP, p=2-4nW, andTy,<100 K for P 4

Microwave measurements were used to study HEBZl_7 nW. For a mixer wit a 4 GHz IF bandwidth, we

mixer properties to achieve an environment with low back-Estimate that input nois&pgn¢~10 000 K would result in

ground noise. These measurements are intended to invesgYtPut saturation. Thus, the Nb—Au mixer willg=1.6 K

gate the optimization of HEB mixers and to provide a quaIi—ShOu_Id be unaﬁgcted by output saturation. _Note, however,
tative guide for development of future THz receivers. ourthat if the operating voltage range were 20 times smaller, as

apparatus is &He cryostat withT=0.22 K, with coaxial S€€n for some Al HEBs, saturation would oceur Mjigng

inputs for signals up to 40 GHz. Calibrated cryogenic attenu-~ 25 K. In that case, saturation would likely be unavoidable

ators and a cryogenic IF amplifier and isolator were used t§' @ THZ receiver. o

ensure that background rf power was negligible, including_ To |IIu§trate thg traQe-oﬁ between sensmwty and satura-
that from room temperature emissions. We tested the HEBON for mixers with differentTc, we present in Table |
dynamic range by adding a controlled level of backgroundMicrowave mixing data for various HEBs s'_tudled _by us: the
power. In Fig. 1 we show the resistive transition for a NP—Au mixer with Tc=1.6 K, a Nb mixer with T¢
Nb—Au mixer in which the nanobridge has a length =5.5 K, and an Al mixer withT -~ 1.0 K. For the Al HEB a
=0.48 um and is a composite of 10 nm of Au and 10 nm of field of 0.12 T was applied to suppress the superconductivity

Nb. In Fig. 2 we present its current—voltage characteristidn the contacts. Table | shows a number of trends. For Nb
with and without applied LO power. The critical current is and Nb—Au HEBs, we see that both have reasonable conver-

|c=14 wA with no LO power, and QuA with P o=2nw  sion efficiency. The mixer noise temperature decreases with
applied. This optimum LO power yields a lowest value of Tc by a factor of 3, the ratio o, as expected since the
Tu=50 K(DSB), calculated by dividing the measured out-dominant noise at 30 GHz is due to thermal fluctuations. At
put noise temperature by twice the measured single sidebarf@>1 THz, the contribution of quantum noise is significant
conversion efficiencyy=—14.5 dB atf=1.0 GHz; T,  since To=48 K/THz-f;. A reduction in thermal fluctation
=Tou/27m. The conversion efficiency af=0 is 7= noise becomes less significant at very high frequencies where
—12.5 dB. The IF bandwidth is measured to be 1.2 GHz,Ty is dominated by quantum noise. However, for present
consistent with predictions based on the measured diffusioapplications up to a few THz, the reduced thermal noise in
constant of the nanobriddé A significantly larger IF band- Nb—Au HEBs should result in significantly improved noise
width can be achieved with a shorter nanobridgje. performance compared to Nb mixers. Lowerifg also re-
Background noise can cause saturation at the mixer inputuces the LO power. For a diffusion cooled mixer operating
or its output, increasing,, and reducing the conversion ef- atT<T., PLoocTé. The LO powers listed in Table | are in
ficiency. We find in our measurements that input saturatiomeasonable agreement with this prediction. In addition to LO

TABLE |. Mixer properties, measured &to=30 GHz. For the Al HEBT is slightly depressed from the bulk
value due to the proximity effect of the normal contacts. The data presented have been taken at
=1.5 GHz for Nb and Al mixers and dt-=1.0 GHz for the Nb—Au mixer. HEB resistances abdveare
similar: Ryp,=110; Ryp_a,=80 Q, andR, =50 Q. HereT),, is the minimum mixer noise temperature.

HEB Te(K) le(uA) Tou(K) 7(dB)  Tu(K) AVop(pV) PLo(nW)
Nb 5.3 100 13 -14 160 200 10
Nb-Au 1.6 14 3 -14.5 47 130 2

Al ~1.0 3 4 -1 25 <10 0.3
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