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We demonstrate that the performance of NbN lattice cooled hot electron bolometer mixers depends
strongly on the interface quality between the bolometer and the contact structure. We show
experimentally thaboththe receiver noise temperature and the gain bandwidth can be improved by
more than a factor of 2 by cleaning the interface and adding an additional superconducting interlayer
to the contact pad. Using this we obtain a double sideband receiver noise temp@iahye

=950 K at 2.5 THz and 4.3 K, uncorrected for losses in the optics. At the same bias point, we obtain
an IF gain bandwidth of 6 GHz. @004 American Institute of Physic$DOI: 10.1063/1.1667012

In the past several years the development of THz receivresistance has been reported in the literdttiemd explains
ers has mainly focused on hot electron bolomet¢EB) the fact that the device resistance of these HEB mixers is
mixers? For practical applications NbN based phononalways higher than expected based on the bolometer size and
cooled HEB mixers are preferred. The current understandinglbN sheet resistance. It also explains why the resistance
of the device physics is based on a hot-spot description of theersus temperatur®(T), curve always shows only one su-
mixing process. Within this model the device performance perconducting transition. This implies a negligible supercon-
depends on the intrinsic material parameters of the supercomiucting proximity effect, which is only possible for very low
ducting film but also on the exact shape of the temperature
profile in the bolometer. The latter is a strong function of the
(therma) boundary conditions to the bolometer, which are
formed by the contact padsee Fig. 1. Hence it is surpris-
ing that virtually all improvement in sensitivity and band-
width in the past several years of these mixers has originated
solely from improvements in NbN thin film technology.

Antenna

Other parts of the device, in particular the bolometer—contact NbN film’  Bolometer Substrate
pad interface, have largely been ignored so far.
To clarify this we show, in Fig. 1, a cross-sectional draw- Antenna

ing of the HEB mixer together with an electron microscope
image of a real device. The HEB mixer consists of a 3.5-nm- 4

. . . I x0.4pm
thick NbN film on a Si substrate. The NbN film is covered bolometer
with contact pads and an antenna structure. A 400-nm-wide
opening between the contact pads forms the bolometer. The resist —<_

contact pad consists 6f60 nm Au(“2” ) with a 5 nm Ti
adhesion layer underneattl” ). In the conventional fabri-
cation process of a HEB mixer the deposition of the contact
pads is done without any cleaning of the NbN film. Hence it

is to be expected that a contact resistance exists between the

NbN film and the contact pad. The presence of such a conta€tG. 1. (Top panel A schematical cross-sectional drawing of the central
device structure(Bottom panel Scanning electron microscog8EM) im-

age of one of the HEB mixers studied. Note that the SAL resist visible in the
¥Electronic mail: j.baselmans@sron.nl SEM image is not shown in the drawing.
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TABLE I. Description of the contact pad materiétenoted by “1” and “2” TABLE Il. Measured results of the devices as described in Taldlg hgg is

in Fig. 1) and the cleaning of the NbN—contact pad interface. Note that theobtained at 2.5 THz using nonoptimized optics af{fli.. psg is obtained

0, plasma etch ix sity whereas the Ar etch isin situ with respect to the  (also at 2.5 THy using optimized optics. D1 and D2 represent different
deposition of layers “1” and “2.” T, is the lowest critical temperature of ~devices of the same type. The gain bandwidth is measured at 600 GHz. In

the devices, associated with the transition of the contacts. Fig. 2 these points are indicated for D2 of type IlI.

Type | Type Il Type llI Type | Type Il Type Il
Interface Q plasma Q plasma O, plasma T rec,pse (D1) 4300 K 2500 K 1900 K

+Ar* etch +Ar* etch T rec,pse (D2) 4600 K 2900 K 2050 K

Layer “1” 5nm Ti 5 nm Nb 10 nm NbTIN Gain BW 2 GHz 3 GHz 6 GHz
Layer “2” 65 nm Au 45 nm Au 40 nm Au Gain BW 5 GHz 5 GHz 6 GHz
Rat 11 K 220:20 O 65+5 () 55+5 () optimal
Tes 9.5 K 5K 7K TN:rec,0s8 (D1) 950 K

&The optimal bias point.
PA high bias point.

interface transparenci@sAs stated before the performance

of the HEB mixer depends strongly on tfteerma) bound-  sured values off;, we can estimate the transparentyof
ary conditions. A contact resistance between the NbN filmhe interface(see Ref. 12 for detailsWe find T;<0.005 for
and the contact forms a barrier for the hot electrons diffusingype |, T,=0.02—0.03 for type II, and expedt=0.05 for
out of the bolometer. It also changes the effective length ofype III. The is because the interface preparation is identical
the bolometer, because the contact resistance determines th&d because the mismatch in Fermi velocities between NbN
length over which RF current flows through the NbN film. and Nb is larger than the mismatch between NbN and Nb-
An additional effect is that a contact resistance leads tdiN.
bolometer-antenna impedance mismatch. All these issues The performance of the different HEB mixers is deter-
have been noted befof;’~** however, they have never mined by measuring the double side bai@BSB) receiver
been addressed experimentally in detail. noise temperatur€y psg and the IF gain bandwidth, i.e., the
In this letter we report the first dedicated experiment todependence of the conversion gain of the device with respect
study the effect of such a contact resistance on the mixeto the IF frequencyTy psg is determined, at 2.5 THz, by
performance. To this purpose we have fabricated three difmeans of the standard Y-factor technique using a hot/cold
ferent types of spiral antenna coupled HEB mixers in ondoad consisting of Eccosorb® at 295/77 K, placed 40 cm
single batch. The devices are fabricated on one single Stom the cryostat. We use the Callen and Welton definition to
wafer that is covered at MSPU, Moscow with a 3.5 nm NbNcalculate the noise temperature from the Y-fattoifo
film with T.=9.7 K. Device type | is identical to a conven- couple the radiation into the HEB mixer a quasi-optical setup
tionally fabricated NbN HEB mixet>®=* No cleaning of is used in which the bolometer chip is glued to a hyper-
the contact is performed here, except 806 s Q plasma hemispherical Si lens without antireflection coating. The lens
etch to remove resist remnants prior to the contact pad depds clamped to the mixer block, which is thermally anchored
sition. For types Il and Il an additional physical etch usingto the 4.2 K plate of a L—He cryostat. The mixer block
argon is performed to clean the NbN surface prior toithe temperature is 4.350.05 K in all experiments. The cryostat
situ deposition of the contact padargon etch parameters: has a 40um-thick Mylar window and 3 Zytex® G104 heat
200 W; 8 ubar; 300 V bias, 15)s As a consequence we filters, one at 77 K and two at 4.2 K. As a local oscillator
expect the NbN—contact interface to be more transparensource we use a FIR laser at 2.5 THz, coupled into the cry-
However a higher interface transparency reducesTthef  ostat by means of a &m mylar beam splitter. The total
the contact structurgTo counteract this we use a supercon-losses in the optics are estimated to be 6.5'tBhe IF
ductor as layer “1” for types Il and IIl. For type 11 5 nm Nb signal is amplified using a 1.1-1.8 GHz Berkshire® cryo-
is used as layer “1,” for type Ill 10 nm NbTIN is used as genic low noise amplifier thermally anchored to the 4.2 K
layer “1.” Details of the fabrication and dc characterization plate of the cryostat. The signal is further amplified using a
can be found in Ref. 12. The rest of the device fabrication idroadband room temperature amplifier, filtered in an 80 MHz
identical for all devices and similar to the conventional HEB bandwidth and detected using a power meter. A calibration of

mixer fabrication process>8-1! the entire IF chain yields a total gafof the two amplifiers
From Table I it is clear that the device resistance is re-of 80 dB and a noise temperature of 4 K.
duced from 22X} for type | to around 6Q for the other In Table Il we show the measured results. It is obvious

devices, which is roughly the value expected from the devicehat type Il and Il devices have a low&k psg than type |

size and NbN film sheet resistance. It is also clear that theevices, the difference is more than a factor 2 between types
critical temperature of the contack,,, is reduced with re- | and I1.1° Although the improvement is clear, the minimum
spect to the critical temperature of the bolomeley,. For  noise temperature of type Il is still larger than the best re-
type | we observe only one superconducting transition at 9.5ults obtained using conventional HEB mixer3y(psg

K, ie., Te;=Te»=9.5K. For type Il and T, is lowered =1400K at 2.5 TH® The main reason for this is the high
to 5 and 7 K, respectively. The highdr,, of type Ill is  optical losses in our setup. By using an antireflection coated
associated with the higher intrinsic critical temperature of thdens, only one zytex heat filtefat 77 K), a 3 um beam

10 nm NDbTIN layer “1” when compared to the 5 nm Nb splitter, and a direct hot/cold load only 10 cm from the cry-
layer “1” used in type Il. Using the intrinsic critical tempera- ostat window, we reduce the total optical losses to 3.5 dB,

tures of the films used for layer “1” together with the mea- comparable to the loss reported in Ref. 11. The 3 dB im-
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500 S baohod LO Powar Si#*®but even larger than the best result ever for a phonon
450 * o 650 nW cooled HEB mixer. This result, a gain bandwidth of 5.2 GHz,
i 4 Z 750 n\W was obtained for a 2-nm-thick device on a substrate with a
“ 950 W MgO buffer layer'® Second, the expected bias dependence of
R the gain bandwidth seems to be virtually absent for type Il
_150053 The reason for this is not clear, but might be related to the
2 upper frequency limit of our IF chain. This in contrast with
L 1000 types | and Il, where we do measure the expected dc bias
dependence of the gain BW.
500 To conclude we have demonstrated that the interface be-
0 tween the bolometer itself and the contact structure play a
10 crucial role in the mixer performance. Both the mixer sensi-
tivity and IF gain bandwidth are improved by more than a
factor of 2 by means of am situ cleaning of the interface
. ; gg‘r-‘BB‘;Z((i)) together with a deposition of an additional superconductor in
5 6 GHz the contact pad. The best device Hagpsg=950 K at 2.5
T ' THz with a gain bandwidth of 6 GHz at the same bias point.
04 ‘_B—!—q’—g—ﬂ—.ﬁjg.ﬂ\ggﬁrw.—g_ ____________
_ o=t t Ly The authors wish to thank H.F. Merkel, P. Khosropanabh,

S. Cheredinichenko, and M. Kroug for useful discussions
v and W.J. Vreeling for all practical assistance. This work is
oD ﬁ supported partly by the European Space AgetiE$A) un-
der Contract No. 11653/95/NL/PB.

relative IF gain [dB]

-15

LE. M. Gershenzon, G. N. Goltsman, I. G. Gogidze, A. I. Eliantev, B. S.
IF Frequency [GHZ] Karasik, and A. D. Semenov, Sov. Phys. Superc@d.582(1990.
2D. E. Prober, Appl. Phys. Let62, 2119(1993.
FIG. 2. (Top panel Pumped and unpumpde-V curves together with the ~ °D. Wilms Floet, E. Miedema, T. M. Klapwijk, and J. R. Gao, Appl. Phys.
receiver noise temperature of D2 of type Ill at 2.5 THz, uncorrected for any Lett. 74, 433(1999.
optical losses. The absorbed LO power is estimated using the isothermalA. D. Semenov, H.-W. Hoers, J. Schubert, G. N. Gol'tsman, A. I. Elan-
technique.(Bottom panel The relative IF gain as a function of the IF fre-  tiev, B. M. Voronov, and E. M. Gershenzon, J. Appl. Phgs, 6758

quency at optimum biaga” in the top pane) as well as at high biagb” 5(2000- ' '

in the top panél The line represents a single pole response with a roll-off *P. Khosropanah, T. Berg, S. Cherednichenko, H. Merkel, S. Svechnikov,

frequency of 6 GHz. V. Drakinsky, E. Kollberg, and G. Gol'tsman, Proceedings of EUCAS,
2003.

5A. A. Golubov, Superconducting Superlattices and Microstructyesited

; ; ; by I. Bozovic,[Proc. SPIE215,353 1994.
EL?;/eertneer:;eI?a:S; gstlgafgé?;’sgs IS expected to reduce tth. F. Merkel, P. Khosropanah, K. Sigfrid Yngvesson, S. Cherdinichenko,

: M. Kroug, A. Adam, and E. L. Kollberg, 12th International Symposium on
We now measure again they psg of D1 of type llI Space Tetrahertz Technology, San Diego, CA, 2001, p. 55.
using the improved optics. We obtain, at 2.5 THz and 4.3 K, °S. Cherednichenko, P. Khosropanah, E. Kollberg, M. Kroug, and H. Mer-

. . . el, Physica C372-376, 407 (2002.
areceiver noE,e temperature unC(_)rrected forlgptlcal losses aﬁé Miki. Y. Uzawa, A. Kawakami, and Z. Wang, IEEE Trans. Appl. Su-
low asTy psg=950 K, corresponding to Bf/k.~> The mea- percond.11, 175(2001.

sured unpumped and pumped IV curves and noise temper&p. Khosropanah and H. Merkgbrivate communication
tures using these optics are given in the top pane| of F|g 21_1|\/|. Kroug, Ph.D thesis, Chalmers University of Technology, Goteborg,
: : : : Sweden, 2001.
The IF gain bandwidth is m.easured _at 600 GHz using Ele_ Hajenius, J. J. A. Baselmans, J. R. Gao, T. M. Klapwijk, P. A. J. de
BWO as LO source and a Carcinotron with doubler as the rf korte, B. Voronov, and G. Goltsman, 14th International Symposium on
signal. The output power is amplified using a 0.1-8 GHz Space Tetrahertz Technology, Tucson, AZ, 22—24 April 2003.

Miteq® cryogenic amplifier at 4.2 K with a noise tempera- ,.A: R. Ker, [EEE Trans. Microwave Theory Tech7-3 325(1999.

. The 6.5 dB optical losses consist of 3.3 dB for the beam splitter, window,
ture of about 100 K and 30 dB gan. Atroom temperature the and heat filterdmeasured valug¢sl1.1 dB for lens reflection, 1.2 dB for
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