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The detector response of YRau;O,_, Josephson grain-boundary junctions to monochromatic
radiation with the frequencyf in the range from 60 GHz to 4 THz has been studied.
Frequency-selective odd-symmetric resonances in the respadigsdd of these junctions to
radiation with different frequencieshave been observed near the voltageshf/2e in almost a
decade of spectral range for any operating temperature in the range from 30 to 85 K. The spectral
range of the selective detection has scaled witH tRe product of the Josephson junction, reaching

the range of 0.16—3.1 THz forlaR, product of 1.5 mV. A resolving powesf/f of around 103

has been demonstrated in the selective detection by Josephson junctions. The high-frequency
falldown of the amplitude of the selective response has been found to be proportional to
exfd —P/Py], whereP=(hf/2e)?/R, is the power dissipated in the junction at the resonancePgnd

is a characteristic power level. The valuesRgffor our junctions were around 20W at 34 K and

2 uW at 78 K. © 2000 American Institute of PhysidsS0003-695(00)03720-7

One of the promising applications of superconductingacross the junctiorf;=2eV/h is the voltage-controlled fre-
junctions is the detection of electromagnetic radiation.quency of internal Josephson oscillations, afidis the Jo-
Among them, the detectors using the ac Josephson effect caephson oscillations linewidth.
give an information on the spectrum of incident radiatioh. The responsé | (V) [Eq. (1)] is quadratic with the sig-
frequency-selective detection takes place in Josephson junoal amplitudel ;. At low voltagesV<<hf/2e in the limit of
tions due to an interaction of internal voltage-controlled Jo-small &f, the respons@l (V) approaches the value
sephson oscillations and external signals. The corresponding ) )
detectors based on loW; Josephson junctions have been Alo=—=(IsRy/2)(2e/h)(Tc/2%), @
studied earli'eF,‘? and only recently, after some progress inhere f = (2e/h)I R, is a characteristic frequency of the
junction fabrication, the first evaluations of high-Joseph- j45ephson junction. This low-voltage response is actually a

. . . . . . 16<
son junctions for this application have been carried O_%‘t' suppression of the critical current of the junction by external
One of the main unanswered questions in this field is thegqiation.

spectral range where the frequency-selective Josephson de- a; the voltagesV, where the Josephson frequencfes

tection can take place. Here, we report on the results of out.e close to the frequendyof the incident radiation, the

study of this problem. S 1o fesponseAl(V) shows an odd-symmetric resonance. The
In the S|mplcire5|st|vely shunted juncti@RSJ model, maximum amplitudeAl .., of this resonance a¥=(h/2e)
the response\l =1(V)—1o(V) of a Josephson junction t0 ¢4 (sf/2)] is inversely proportional to the Josephson

weak monochromatic radiation with the frequeridg equal  |inewidth sf
10

to
Al mas= (12R1/2) (2e/h)[ £2/4(f2+ £2)12f 5f 7. 3)
2p2
AI(V):Ig(Z_G) Ry (f+f) 5 For broadband thermal fluctuations with a noise tem-
h /8loV (f+1)2+ 5_f) peratureT and kT<eV (equilibrium casg the Josephson
J 2 linewidth is equal t&°
(fi—=1) . n 6f =4m(2e/h)’kT(RI/R,)[ 1+ (12/213)], (4)
2|
(fj—f )2+ > whereRy is the dynamic resistance of the junction. The dy-

namic resistanceRy(V)=dV/dI=R,(V?+12R)YIV is

] - ) ) ) equal to the normal-state resistariRg at high voltagesv
where | is the _crltlcal current of t_he_Junctloar_ls the >IR,, and at small voltage¥'<I R, it is inversely pro-
normal-state resistance of the junctiogjs the amplitude of 4 ignal to the voltage. So, the linewidth and the width of
the r.ad|at|0n mduce_d cur_rents(<lc),zlo |52t§1/§_d|rect current o odd-symmetric resonance in the respofséV) [Eq.
flowing through the junctiony =R(Io—1¢)*“is the voltage (1)} will decrease with the increase of the frequefiay low
frequencied <f. and will be frequency independent at high
dElectronic mail: Y.Divin@fz-juelich.de frequencied >f.
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One can expect from Eq€3) and(4), that the amplitude T = L lb
Al ax Of the selective response should rise linearly with the 2 | (a)_ _g 1- ( )_
increase of the frequendyat low frequencies<f., reach a 8 &
maximum atf ~ f, and falldown inversely proportional ti? < < /\ |
at high frequencie$>f.. This conclusion is valid, provided S 04 - S0
the same current amplitudésare induced by radiation with 3 2
different frequencie$. But, due to the different power level §-1- i §:1- |
of the radiation sources and frequency-dependent coupling of % 2
radiation to the junction, the requirement of a constaris & T T ¢ s 10 ~ 640 642 644

difficult to fulfill experimentally.
Volt \% Voltage (m
We have solved this problem by a selfcalibration proce- oltage (mV) ge (mV)

dure, when we normalize each of the measured respon$&G. 1. (a) The respons@&V(V) of a YBaCu0;_, bicrystal Josephson

curvesAl (V) to its valueAl 0 [Eq. (2)] at low voltagesr’.The junction to far-infrared laser radiation with the frequency of 3.106 Tidx.
. . - The same response near the resonance at the voltag®423 mV. The

maximum amplituded\ | 5 Of thle resonances in these'nor— junction temperature was kept at 34 K.

malized responses are proportionalffoat low frequencies

f<f. and independent of the frequency at high frequencies 3 i i )

f>f.. The last circumstance just reflects the frequency-9f/f of the order of 10° might be achieved with selective

independent behavior of the amplitude of Josephson oscill&d€téction by highT. Josephson junctions. _

tions in the RSJ model. With this normalization, each set of To _obtam a n_ormahzgd respor_me(V)/abs(Alo), as it

data can be compared with the others, measured for differefaS discussed in the introduction, the current response

frequencies, and deviations from the RSJ behavior can b I(V):_AV(V)_/R"(V) was caICL_JIated and the value of
easily detected. I was determined by extrapolation of the low-voltage be-

. . . . : havior of Al (V) to V=0. Four sets of the normalized current
High-quality YB&Cu;O;_, grain-boundary junctions . : .
fabric::\“:’tedq on yuntwiangngg >721x4°%110) NdGa@ t:icrystal responsesil (V)/abg(Alo) of a Josephson junction with

substrate's have been used in the experiments. The width%;);ldloggtz ngoquar:?r'g ssr:%r\:va:lsinwlitih t;esir;%l;er}%ﬁ
of the junctions were in the range 1+3n. Thel R, prod- ' P ' 9. < 9

ucts of these junctions were up to 3g¥ at 78 K, and the
values of resistanceR, varied from 0.5 to 14). A broad-

band YBaCu;0;_, log-periodic antenna has been integrated z > 1cRn=0.15 mV
with each junction on the substrate. fj, LL T=8K
The substrate with the Josephson junction was mounted s 0 B
in a vacuum chamber on the coldfinger of a Stirling codfer. > 4
Junction temperatures in the range from 30 to 90 K have < -5 L e
been achieved in this cryogenic environment. The measure- 0.1 Voltage} (mV) 10
ments at any of these temperatures could be carried out dur- 2 10F AL TIcRy=0.29 mV
ing several hours with a reasonable drift of 1-2 K. The com- & L T=78K
pressor of the Stirling cooler and the vacuum chamber were % r L -
magnetically shielded by several layers of mu-metal foil. CN; R '6 1
An optically pumped far-infrared laser and a backward- Z 45 ]
wave oscillator with a multiplier were used as sources of < 0T 1 . 10
monochromatic radiation in this study. With this combina- Voltage (mV)

tion we were able to deliver radiation in the frequency range
from 60 GHz to 4.25 THz. Absorption attenuators were
placed between the radiation sources and the Josephson junc-
tion to guarantee a low level of radiation for square-law de-
tection by the Josephson junctions. Radiation was focused to
the junction antenna by a parabolic mirror through a poly- 0.1
ethylene window in the vacuum chamber and a hyperhemi-
spherical Si-lens on the substrate.

The respons@aV(V) of a typical YBaCuzO;_, Joseph-
son junction to 3.1 THz radiation is shown in Fig. 1. The
Josephson junction has a resistancdrpf1.1() and quite
high IR, product of 1.5 mV at 34 K. The shape of the
responseAV(V) [Fig. 1(a)] is very close to that of the RSJ 0.1
model in the voltage range from 0 to 8.5 mV. The response
AV demonstrates a very sharp odd-symmetric resonangac. 2. Normalized responskl (V)/abs(Al,) of a YBaCus0;_, bicrystal
around the voltages ned=hf/2e=6.423 mV. The width  Josephson junction to far-infrared laser radiation measured at four different

; : ; ; _ temperature$83, 78, 56, and 34 K, from earlier to lajeand ten different
of this resonance is aroun%g LFIg. 1(b)]’ which Corre. frequencies. The radiation frequencies were 0.0790.158(2), 0.404(3),
sponds to the Josephson linewidéii of 3.9 GHz. So, it g e93(4), 0.992(5), 1.194(6), 1.758(7), 2.252(8), 2.523(9), and 3.106
follows from the measured response that a resolving powerHz (10).
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before, each set has been measured at junction temperatures 4 —r—T T
T of 83, 78, 56, and 34 K, correspondingly. \‘~\‘

As it follows from Fig. 2, each set of response curves - \o;. ‘\‘ T=34K
shows the same behavior. With an increase of frequéncy g b \\ b ~.
the amplitude of the odd-symmetric resonances Vat A 2k L ‘\‘\ i
=hf/2e also increases, then, when the frequency is around é " S
2 f. (and the voltage is aroundl &R,), reaches the maxi- = | ‘. \0\ T=56K
mum, and falls down with further increase of frequency. For E ' M
each temperature the selective response is observed at least of &T=78K ‘\ 4
in one decade of frequency bandwidth. The middle fre- -~
qguency of this bandwidth scaled with the characteristic fre- L

qguencyf.=(2e/h)I;R,, so the total bandwidth of selective 0 5 1015 20 25 30 35 40 45
detection, which was covered by one Josephson junction at Power Vz/Rn (nW)
different temperatures, was around two decades. _ _ _

FIG. 3. The maximum amplitudeAl . /abgAly) of the normalized re-

The low-frequency cutoff of the appearance of the r(':‘S(')'sponse/kl(V)/abs(AIo) at the resonance vs dissipated poweat the volt-
nances in responsesl (V)/abg(Alp) in Fig. 2 is in accor-  agev=hf/2e of the resonance. The dashed lines are the fitting functions
dance with the RSJ behavior. It is the result of the low-~exp(=P/Pg). The values ofP, were equal to 18.5.W at T=34K, 9.9
voltage increase of the linewidth of Josephson radiation ang™W & T=56K, and 2.1uW at T=78 K.

a corresponding decrease of the resonance amplitude accord-

ing to Eq.(3). The high-frequency falldown of the resonance In summary, in the terahertz frequency range we have
response might also be related with the increase of Josephsdemonstrated almost a decade bandwidth of the selective de-
linewidth due to, for example, nonequilibrium fluctuations attection by YBaCusO;_, Josephson junctions for any tem-
eV/kT>11! But, this mechanism might give only a slow perature in the range of 30—85 K. The bandwidth scaled with
reduction of the response amplitudes for the lowest temperdhe | R, product of the junction, and using one junction at
ture of 34 K and for the detected frequencies from 1.5 to 3.Mifferent temperatures one can cover up to almost two de-
THz, whereeV/KT is ranging from 1 to 2. For all other cades with a selective detection. Broadband operation of
responses measured at higher temperatures, the ratio dilbert-transform spectroscopyn the terahertz range with a
eV/kT is less than one, the widths of the responses in theesolving power of around 16 might be achieved accord-
range of the falldown are practically the same, but the highing to these experiments. The high-frequency falldown of the
frequency gradual decrease is still obser¢gge data at 56, selective response is attributed to Joule heating and it might
78, and 83 K. be shifted to higher frequencies by increasing the junction

This high-frequency falldown of the resonances in theresistance and/or further decreasing the operation tempera-
response of the Josephson junction to monochromatic radiddre.
tion might be explained by a decrease of the amplitude of ,

Josephson oscillations due to Joule heating of the junction, SUPPOrtby the German BMBfProject No. 13N7335/8
According to Tinkharret al, 2 heating effects in a Josephson 'S 9ratefully acknowledged.
junction can result in an exponential decrease of the ampli-

tude of Josephson oscillations, namely
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