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ABSTRACT 

The high-frequency response predicted by a perturbation approach for a highly 

damped current driven Josephson junction agrees in its parameter dependence 

remarkably well with observations on point contacts used as video type detec¬ 

tors of microwave radiation. 
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FOREWORD 

This report is published by The Aerospace Corporation, El Segundo, 

California, under Air Force Contract No. F04701-71-C-0172. 

This report, which documents research carried out from July to 

December 1970, was submitted 6 October 1971 to Lieutenant William E. 

Belote, SYAE, for review and approval. 

Approved 

Electronics Research Laboratory 

Publication of this report does not constitute Air Force approval of the 

report's findings or conclusions. It is published only for the exchange and 

stimulation of ideas. 

William E. Belote 
1st Lt. , United States Air Force 
Project Officer 
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RESPONSE OF SUPERCONDUCTING POINT CONTACTS 
TO HIGH-FREQUENCY RADIATION 

For a current driven Joseph 

current density across the contact 
of Fig. 1) 

son junction small enough to have uniform 

area the equation of motion is (see inset 

J + ÍC sin KT^d./*)=i g + Ig sin cot 
(1) 

where R ,8 the reeietive portion of the contact, and I its criticai euper¬ 

current. Contact capacity and inductances have been neglected. The righthand 

side consists of a d-c battery current superposed with an ac current of 

amp itu e Is« IB. For Ig = 0, Eq. (1) has been solved by Aslamazov and 

with ^ /Cæy(f°VB > 'c1, V(t) 1 R fé - 4)/(Ib + IC Sin V,, 

and u - zi S) j "E aV,erage VOWage meaSUred aCr°SS ^ 
a ° , Josephson frequency. Using a second-order perturbation 
pproach for Is«iB in which we replaced IB with XB + Ig sin c* in the ex- 

pressmn for V(t) and allowed the phase of the Ir sin c t term to adjust to 

satisfy Eq. (1,. we caiculated the change of ^average contact voltage with 
lg. The result is 6 

AV ,4. R 
(2) 

In the limits U(¡ < the soiution can be expressed in terms of the first and 

second derivative of the V-Z characteristic. Expanding V,t, to first order 

ln IS Sm We fl"d “o « » *e impedance Z,w, — R, and we obtain 

2 RI, 
¿V =P(r£) - 

wo«w \nu)/ (3) 
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Figure 1 
Hilh l dc-Current Response to Currents of 
High Frequency w as a Function of Bias Voltas 
in Units of W2e (Solid) Voltage 

Bias fluctuations broaden and reduce the resonan 
response as indicated by the dashed line Data 
points are experimental. « 
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^ ,i '• 1.,,-:1. ,:Í'J " ' ' 

where P refers to the high-frequency power in the circuit [2] . For u » 

Eq. (2) predicts the "classical" result that the response is proportional to 

the curvature of the static V-I characteristic, for w ~ u resonance behavior 
o 

with sign reversal. While the regions w0 £ w are relatively insensitive to 

the specific uo, i. e. , bias voltage (broad band response), for wo ~ gj critical 

dependence on voltage fluctuations and, thus, the bandwidth of w is expected 
o 

(narrow band). The solid line in Fig. 1 represents the current response 
— 2 — 

from Eq. (2), 2AV/(Ig • R • dV/dlg); the e::fect of fluctuations, which smear 

out the resonance, is indicated by the dashed line. We note that in contrast 

to the model used by Richards and Sterling [3, 4] , the resonance here is not 

principally dependent on an external circuit. 

Experimental results obtained on niobium point contact junctions 

situated across an E-band waveguide and illuminated with 90 GHz Klystron 

radiation are in qualitative agreement with the results of the analysis, 

although the d-c V-I characteristics only approximately represented the 

ideal form. We find: (1) for the entire bias voltage range, the response is 

proportional to input power, (2) the predicted resonance behavior is clearly 

observed, (3) for w < u, the voltage response is proportional to dV/dID, 

(4) for cjo > co, the response is proportional to curvature, (5) no significant 

dependence on either or R vas observed for our junctions for which the 

product Iç • R was nearly constant. Data points for a typical junction are 

shown in Fig. 1. The detailed comparison of the parameter dependences is 

left to a separate publication. Of practical interest is the result that the 

"zero voltage" response for uQ « w decreases with the inverse square of 

the frequency, while the resonance response appears to be independent of w. 

Thus, the latter might be more suitable for higher frequency detection. 

The minimum detectable power (or noise equivalent power, NEP) for 

our model was evaluated by relating the current response per unit signal 

power from Eq. (3) to the minimum noise current fluctuations previously 

[5] measured for eV « kT on our junctions: < i > ~ 4 kT(Ig/V). Accordingly, 
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we would expect NEP ~ 8.10"^ watt/Hzfor our junctions, with ~ 10 ^ A, 

R ~40S1 and T ~ 4.2°K. This compares with our best measured value of 

NEP — 5. lO"*^ watt/Hz*^. The remaining discrepancy indicates that at 

90 GHz operation, the contact capacity cannot be considered negligible and 

needs to be included in analysis for performance estimates. 
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