P . 7
university of :7’%//4
groningen g',,g", University Medical Center Groningen

i

University of Groningen

Direct detection effect in small volume hot electron bolometer mixers

Baselmans, J. J. A.; Baryshev, A.; Reker, S. F.; Hajenius, M.; Gao, J. R.; Klapwijk, T. M.;
Vachtomin, Yu.; Maslennikov, S.; Antipov, S.; Voronov, B.

Published in:
Applied Physics Letters

DOI:
10.1063/1.1887812

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2005

Link to publication in University of Groningen/lUMCG research database

Citation for published version (APA):

Baselmans, J. J. A., Baryshev, A., Reker, S. F., Hajenius, M., Gao, J. R., Klapwijk, T. M., ... Gol'tsman, G.
(2005). Direct detection effect in small volume hot electron bolometer mixers. Applied Physics Letters,
86(16), [163503]. https://doi.org/10.1063/1.1887812

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 22-05-2019


https://doi.org/10.1063/1.1887812
https://www.rug.nl/research/portal/en/publications/direct-detection-effect-in-small-volume-hot-electron-bolometer-mixers(f32ba3bb-5733-4931-8122-2e5764cbca1a).html

Direct detection effect in small volume hot electron bolometer mixers

J. J. A. Baselmans, A. Baryshev, S. F. Reker, M. Hajenius, J. R. Gao, T. M. Klapwijk, Yu. Vachtomin, S.
Maslennikov, S. Antipov, B. Voronov, and G. Gol'tsman

Citation: Appl. Phys. Lett. 86, 163503 (2005); doi: 10.1063/1.1887812
View online: https://doi.org/10.1063/1.1887812

View Table of Contents: http://aip.scitation.org/toc/apl/86/16
Published by the American Institute of Physics

Articles you may be interested in

Doubling of sensitivity and bandwidth in phonon cooled hot electron bolometer mixers
Applied Physics Letters 84, 1958 (2004); 10.1063/1.1667012

Non-uniform absorption of terahertz radiation on superconducting hot electron bolometer microbridges
Applied Physics Letters 104, 052605 (2014); 10.1063/1.4864763

Low noise and wide bandwidth of NbN hot-electron bolometer mixers
Applied Physics Letters 98, 033507 (2011); 10.1063/1.3544050

Noise temperature and beam pattern of an NbN hot electron bolometer mixer at 5.25 THz
Journal of Applied Physics 108, 093102 (2010); 10.1063/1.3503279

Terahertz mixing in MgB, microbolometers
Applied Physics Letters 90, 023507 (2007); 10.1063/1.2430928

Terahertz heterodyne receiver based on a quantum cascade laser and a superconducting bolometer
Applied Physics Letters 86, 244104 (2005); 10.1063/1.1949724

Get 30% off all
print proceedings!

- " ‘ Conference Proceedings

Enter Promotion Code at checkout



http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1446635191/x01/AIP-PT/APL_ArticleDL_0618/AIP_CP_eTOC_1640x440_ad.jpg/434f71374e315a556e61414141774c75?x
http://aip.scitation.org/author/Baselmans%2C+J+J+A
http://aip.scitation.org/author/Baryshev%2C+A
http://aip.scitation.org/author/Reker%2C+S+F
http://aip.scitation.org/author/Hajenius%2C+M
http://aip.scitation.org/author/Gao%2C+J+R
http://aip.scitation.org/author/Klapwijk%2C+T+M
http://aip.scitation.org/author/Vachtomin%2C+Yu
http://aip.scitation.org/author/Maslennikov%2C+S
http://aip.scitation.org/author/Maslennikov%2C+S
http://aip.scitation.org/author/Antipov%2C+S
http://aip.scitation.org/author/Voronov%2C+B
http://aip.scitation.org/author/Gol%27tsman%2C+G
/loi/apl
https://doi.org/10.1063/1.1887812
http://aip.scitation.org/toc/apl/86/16
http://aip.scitation.org/publisher/
http://aip.scitation.org/doi/abs/10.1063/1.1667012
http://aip.scitation.org/doi/abs/10.1063/1.4864763
http://aip.scitation.org/doi/abs/10.1063/1.3544050
http://aip.scitation.org/doi/abs/10.1063/1.3503279
http://aip.scitation.org/doi/abs/10.1063/1.2430928
http://aip.scitation.org/doi/abs/10.1063/1.1949724

HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERSB6, 163503(2005

Direct detection effect in small volume hot electron bolometer mixers

J. J. A. Baselmans, A. Baryshev, and S. F. Reker
SRON National Institute for Space Research, Landleven 12, 9747 AD Groningen, The Netherlands

M. Hajenius and J. R. Gao

SRON National Institute for Space Research, Landleven 12, 9747 AD Groningen, The Netherlands

and Kavli Institute of Nanoscience, Faculty of Applied Sciences, Delft University of Technology, Lorentzweg
1, 2628 CJ Delft, The Netherlands

T. M. Klapwijk
Kavli Institute of Nanoscience, Faculty of Applied Sciences, Delft University of Technology, Lorentzweg 1,
2628 CJ Delft, The Netherlands

Yu. Vachtomin, S. Maslennikov, S. Antipov, B. Voronov, and G. Gol'tsman
Moscow State Pedagogical University, Moscow 1199992, Russia

(Received 18 October 2004; accepted 16 February 2005; published online 14 Apiil 2005

We measure the direct detection effect in a small volyth5 umXx 1 umXx 3.5 nm quasioptical

NbN phonon cooled hot electron bolometer mixer at 1.6 THz. We find that the small signal
sensitivity of the receiver is underestimated by 35% due to the direct detection effect and that the
optimal operating point is shifted to higher bias voltages when using calibration loads of 300 K and
77 K. Using a 200 GHz bandpass filter at 4.2 K the direct detection effect virtually disappears. This
has important implications for the calibration procedure of these receivers in real telescope
systems. €2005 American Institute of PhysidDOI: 10.1063/1.1887812

NbN phonon cooled hot electron bolometetEB) mix- mal pumping level of the mixer, as determined by the iso-
ers are currently the most sensitive heterodyne detectors @termal techniqueR o j,=30 NnW. The real LO power need
frequencies above 1.2 THf.They combine a good sensitiv- P, determined from the output power of a calibrated LO
ity (8-15 times the quantum limjtan IF bandwidth of the source and the known optics losses, has been estimated to be
order of 4-6 GHZ® and a wide RF bandwidth from 2.4 times larger for similar mixer$, henceP =70 nW.

0.7 to 5.2 THz. However, for use in a space based observa- |n the first experiment we measure the uncorrected
tory, such as Herschel, it is of vital importance that the localdouble sideband receiver noise temperatligeon all pos-
oscillator(LO) power requirement of the mixer is compatible sible bias points of the mixer using a measurement oftthe
with the low output power of present day THz LO sources. factor Y= Prot! Peoid: Photicoid IS the output power of the re-
This can be achieved by reducing the mixer volume anctejver at a hot/cold load evaluated at a single bias point, i.e.
critical current densitf}. However, the large RF bandwidth gt gne single value o and P_o. We use the Callen and
and low LO power requirement of such a mixer result in aywelton definition to calculateTy from the measuredy
direct detection effect, characteriz_ed by a chan_ge in the biag,;iorl4 Simultaneously we measutgyyeo the mixer bias
current of the HEB when changing the RF signal from agirent at a hot/cold load at each bias point. As a hot load we
black body load at 300 K to one at 77%" As a result the use Eccosorb at 300 K glued to a chopper wheel and as a
measured sensitivity using a 300 K and 77 K calibrationcold load we use Eccosorb at 77 K. Rotating the chopper

load ?l::fers s;gnlﬁca.ntl)l/ frgm thetgmall f'gph"’.‘l sert]_5|It|V|ty redl- wheel enables a switch from a hot load to a cold load, which
evant for astronomical observations. In this article we deic e at 12 Hz. We takB.oyooig AN Progeoq at €ach bias

scribe a set of dedicated experiments to characterize the ob)

: o oint prior to proceeding to the next bias point. As a result
rect detection effect for a small volume quasioptical NbN o e o
. we are not sensitive to drifts in the setup with time scales
phonon cooled HEB mixer.

Jonger than 0.2 s. As a LO source we use a FIR gas laser at

The devices are fabricated on a high purity Si wafer that .
is covered at MSPU, Moscow with a NbN film with, 1.627 THz. The LO power is attenuated by means of a rotat-

=9.3 K and an expected thickness of 3.5 nm. The fabricatioﬁ‘ble grid. The LO apd RF signals are coupled using a
is mostly identical to the process described in Refs. 3 and 125> #M Mylar beamsplitter. The total optics loss in the signal
however, in stead of a spiral antenna we use a twin prath is estimated to be 4.3 dB, thg noise temperature of the
antenna with a center frequency of 1.6 THz and a bandwidtQPtCS Ti.efr.op.~ 200 K. Both the grid rotation angle and the
of 0.9 THz. The bolometer length is 0.}6n, the width  Position of the hot/cold chopper are computer controlled.
1 um, the critical current,=68 uA at 4.2 K and the normal The same is true for the bias voltage and the measured mixer
state resistance is 120 at 11 K. In the experiment we use a bias current. A biag- separates the DC bias from the IF
quasi-optical coupling scheme in which the HEB mixer chipsignal at the output of the chip. The IF signal is directed to
is glued to the center of an uncoated elliptical Si lens. Théhe input of a 1-2 GHz isolator and Berkshire HEMT am-
lens is placed in a mixerblock thermally anchored to theplifier with 43 dB gain and a noise temperature of 5 K. At
4.2 K plate of a liquid Helium cryostat. We use one Zytex room temperature the signal is further amplified and filtered
G104® at 77 K as infrared filter and 0.9 mm HDPE asin a 80 MHz bandwidth at 1.4 GHz before it is detected us-
vacuum window. The LO power required to reach the opti-ing an Agilent power meter also connected to the computer.

0003-6951/2005/86(16)/163503/3/$22.50 86, 163503-1 © 2005 American Institute of Physics
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— FIG. 2. The effect of a nonzero direct detection currentvVat0.6 mV,
E 1=0.21 mA, whereTy=1400 K. The top line gives the receiver output
= power at hot load as a function of bias current, the bottom line at cold load.
S The data is obtained bychanging the LO power at constant bias voltage. The
= stars give the small signal noise temperafiigg around three background
8 loads. For an explanation of the symbols we refer to the text.
&
2

evaluated. Imagine now that we observe, with the receiver
discussed in this paper, an astronomical source which repre-
0 0.5 1 15 2 25 sents itself as a small input power change on top of a back-
Bias Voltage [mV] ground with an identical power input as our 77 K load. A
small input power change is in this context defined as a
FIG. 1. (Color)_(a) Tn unc_orrected for any optics losses over the entire IV power change that results in a negligible valuel gf. To
plane of the mixer, the minimum value T§=1400 K. (b) The direct detec- obtain the receiver noise temperature in this case we need to
fon eurrentlon =lhorlcots evaluate the small signaf factor Ys=PE/P2. This implies
) that we have to reduc, o at hot load to make sure that the
In Fig. 1@ we present the measured valuesTaf We  piag current remains constant, thus compensating for the bias
observe a relatively broad region of optimal response with & ,rent shift caused bPse at hot load. The noise tempera-
maximum sensitivity ofTy=1400 K. The measured direct ture in the small signal limitTy s obtained in this way, is

detection currentpp=Ino~lcoia IS shown in Fig. ). We  ghown in Fig. 3. We find a minimum value af, s=900 K,
observe thaiD[_, is always negative, in agreement with re- \which is 35% lower than the minimum value ofy
sults reported ir(Refs. 8, 9, and 11 The magnitude of the  —1400 K. We also observe that the location of the minimum

direct detection current ranges from virtuallyu® at high  jy the noise temperature is shifted to lower bias voltages and
bias voltages, to about ~0A at the optimal bias region t0 4 the small region with an apparent high sensitivityat

more than —1uA at very low bias voltages. This indicates g 2 mv andl ~0.24 mA clearly visible in Fig. (&), has
that the difference in RF power betwee_n th_e 77 K and 300 I%isappeared. Evaluating,..,, at a background power level
load changes the bias current of the mixer in the same way ggentical to the 300 K load, which can be obtained by evalu-
an increase irP o. The RF power absorbed by the mixer 5404 vi=pB/pE gives an identical result. The situation at
from the thermal load within the full RF bandwidth of the qiher packground loads can be estimated as follows: Since
receiver,Pgr, can be calculated using Ioo(Pre) ~ Ipp(PLo) andlpp(P o) is measured to be linear
Pre= kg - BW- Teqt hoveold (1) for small changes irP o we can calculatdpp by linear

with BW the RF input bandwidth of the receivédg Boltz-
mann’s constant, an@le noycolg the effective temperature of
the load in the Callen and Welton limit, given B colq
=152 K andTegno=230 K. Hence we obtaiPge=1.9 nW 0.04 200 10001500 2000 2500 3000
for the cold load andPgr=2.9 nW for the hot load. The
difference is 1.3% of the LO power needed to pump the
mixer.

In Fig. 2 we illustrate the effect of a nonzero direct de-
tection current. The two black squares, marked viffhand
P2 represent the measured valuesgf, |, andPgoig ol
respectively, each obtained at one single operating point, i.e.,
at one single value dof (V=0.6 mV) and at one single value
of P o. P o is equal to the optimal LO power. In the same 0 05 1 15 2 25
figure we also showP, (1) and P.,4(). The data was ob- Bias Voltage [mV]

tained by changing the LO power. To obtdig as shown in _ _ , ,
FIG. 3. (Color) The double sideband receiver noise temperature in the small

Fig. 1 we have evaluated th& factor Y=Ppo/Peoq signal limit, Ty,s, around a background corresponding to the 77 K load. The

_ B s . ; : -
= Pﬁlpc- It. is obvious that the bIaS current at whi€f, IS minimum value isTy =900 K. A background corresponding to the 300 K
evaluated is lower than the bias current at whiefy,y is  load gives an identical result.

0.05
Small Signal Noise Temperature [K]

Bias Current [mA]
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extrapolation from the two measured values at 300 K angbower requirement of 70 nW. The effective input power dif-
77 K for any load. We show as an example in Fig. 2 theference between hot and cold load is 1 nW for this receiver.
value oflpp in the limit of zero background and zero optics We observe that the minimum noise temperature obtained
losses. In this case the effective input power is given by halfising theY factor at one single bias point, i.e., at one value
a noise quantum, corresponding to 35 K at an LO frequencyf the bias voltage and LO power, is 35% higher than the
of 1.6 THz!* We find thatTy s~980 K for all three back- small signal noise temperature around a background signal
ground loads. This is indicated by the stars in Fig. 2. with a radiated power corresponding to either the 77 K or
The physical process responsible for the direct detectioBog K |oad. These results have been verified experimentally
effect can be explained as follows. For any receiver we knowsing a cold rf bandpass filter in the signal path of the re-
that noise temperature is a combination of the conversiogeiver. By this we reduce the effective bandwidth and thus
gain » and the output noise of the mix&,,. However, both  he effective input power difference between hot and cold
quantities are, for a HEB, a strong function of the mixer bias, g \yith a factor of 4.5-0.2 nW. As a result the direct de-
current, i.e.,7=7(1) and Tou=Tou(l). So the expression for o ion effect virtually disappears, as well as the difference
the Y factor can be written as between the conventional noise temperature and small signal

v Prot 27l hot Thot+ ToutIhot) : noise temperature.

Peoi 277 cold) Teotd + Toudl cotd) The authors wish to thank J. Kooi, P. de Korte, and H.

with 7(1) the single sideband receiver gain afigl,.qthe ~ Hoevers for stimulating interest and support and W. J. Vreel-
temperature of the hot/cold load. In the small signal limit,ing and Z. Yang for lab support.
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