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We propose a new approach for phase-locking of a Flux Flow Oscillator (FFO) [1] in a super-

conducting integrated receiver [2, 3]. According to this concept a superconductor-insulator-

superconductor (SIS) junction is implemented both for down-conversion of the FFO frequency and 

for producing the signal to phase-lock the FFO to the external reference by applying the Harmonic 

Mixer (HM) output directly to the FFO control line. In other words we introduce a new element of 

superconductive electronics, which is based on the SIS junction and works as a cryogenic harmonic 

phase detector (CHPD). 

For efficient FFO phase-locking the HM output signal is maximized. Value of this signal de-

pends in a complicated way on the HM bias voltage, frequencies and powers of the local oscillator 

and the FFO signals. We have studied the HM theoretically and compared results of the calculations 

with experimental measurements. Good qualitative and quantitative correspondence has been 

achieved. 

For demonstration of the FFO phase-locking by the CHPD we have realized a special feed-

back loop (Fig.1). Such a loop was also integrated on the same chip together with the FFO and the 

CHPD. The FFO frequency is equal to a harmonic of the local oscillator signal applied to the CHPD. 

Such a PLL system is expected to be extra wideband due to considerable reduce of the loop length. 

 

  
Fig.1. Block diagram. CHPD is used for FFO 

phase-locking. The SIS Mixer is used for vi-

sualization of the FFO radiation line and ob-

served of the synchronization effect. 

 

Presented concept is very promising 

for building of the multi-pixel SIR ar-

ray. 

 

 

 

The work was supported by the RFBR projects 09-02-00246, 09-02-12172 and Grant for Leading 

Scientific School 5423.2010.2. 

 

[1] T. Nagatsuma, K. Enpuku, F. Irie, and K. Yoshida  J. Appl. Phys  54 3302 (1983) 

[2] V. P. Koshelets and S. V. Shitov, “Integrated Superconducting Receivers,” Superconductor 

Science and Technology, vol. 13, pp. R53-R69 (2000). 

[3] V.P. Koshelets, A.B. Ermakov, L.V. Filippenko, A.V. Khudchenko, O.S. Kiselev, A.S. Sobolev, 

M.Yu. Torgashin, P.A. Yagoubov, R.W.M. Hoogeveen, and W. Wild, “IEEE Trans. on Appl. 

Supercond.”, vol. 17, pp 336-342 (2007). 

 

Khudchenko@hitech.cplire.ru  

The Kotel’nikov Institute of Radio Engineering and Electronics RAS, Moscow, Russia 

 

mailto:Khudchenko@hitech.cplire.ru

