
Frequency detector based on two 
uncoupled  spin-torque microwave 

detectors
Artemchuk P. Yu.*, Shanidze R. G., Prokopenko O. V.

Faculty of  Radiophysics, Electronics and Computer Systems,

Taras Shevchenko National University of  Kyiv, Kyiv, Ukraine. *e-mail: doompeter@ukr.net

 A valid frequency detection by a single STMD is possible for input

microwave signals of known power only.

 An appropriate frequency detection procedure can be not

univocal.

 The STMD's frequency detection error is comparable to the

ferromagnetic resonance (FMR) linewidth that in typical

experiments can exceed 100 MHz.

 The detector's frequency operation range is also limited by the
FMR linewidth.

Motivation

Even for a quasi-monochromatic signal of  
arbitrary power and frequency it is impossible to 

determine the signal frequency using only one 
measured value – the output dc voltage of  single 

STMD.

We consider a simple model of two uncoupled in-plane

magnetized resonance-type quadratic STMDs connected in

parallel at microwaves.

We used assumptions:

 microwave impedances of the detectors are approximately

equal;

 nano-scale detectors are closely located, so one can let that

microwave power acting on each detector is the same;

 amplitude-frequency curves of the detectors are described

by the Lorentz-peak dependence:

(1)

where Prf is the input microwave power, fres and Γ are the FMR

frequency and FMR linewidth, respectively, and εres is the

resonance volt-watt sensitivity of an STMD defined as Udc / Prf at

f = fres.

Considering each STMD as an independent device, the

output dc voltages generated by the detectors, Udc,1 and Udc,2 ,

can be written similarly to Eq. (1) as the complete system of two

equations. Input microwave powers could be eliminated from it

and its solution could be written in the form:

(2)

Here for definition we suppose fres,2 > fres,1, introduce

dimensionless variable κ = (Udc,1/Udc,2)(εres,2/εres,1)(Γ2/Γ1)
2, which can

be calculated for a particular experiment, and use anzats
Δfres = fres,2 – fres,1 > 0.

Theoretical model
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Obtained theoretical results are in satisfactory agreement with experimental data measured in Prof. I. Krivorotov's group 

(University of  California, Irvine, CA, USA)
Publication is based on  the research provided by the grant support  of  the  State Fund for fundamental Research (project F64/8).

Fig. 1. The dependence of  frequency determination 

error on the frequency of  input  microwave signal for 

different thicknesses of  the free layer (FL) calculated from 

Eq. (3) for an STMD with typical parameters:

 STMD’s FL radius r = 50 nm; 

 spin-polarization efficiency η = 0,7; 

 Gilbert damping constant αG = 0,01; 

 saturation magnetization μ0MS of  the FL = 800 mT;

 in-plane dc magnetic fields (including anisotropy field) 
B1= 14,1 mT and B2 = 19,07 mT.

Using all made assumptions we estimate an external

signal frequency and considering the detector's parameters as

frequency independent values we estimate the expression for the

frequency determination error:

(3)

where

are the total intrinsic fluctuations of
output dc voltages (noise voltages), respectively.

Results and discussion
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 The frequency determination error substantially decreases (by

5-6 times) in the frequency range fres,1+ Γ1 ≤ f ≤ fres,2 - Γ2, however,

for f = fres,1,2 the value of Δf can be equal to or slightly exceed Γ1,2.

The spin-torque microwave detector (STMD) employing a magnetic tunnel junction (MTJ) can be used for the detection

of an external microwave signal. In this work we report a novel method of frequency determination of external microwave

signal using two uncoupled STMDs that might be used for the accurate determination of an external microwave signal

frequency even for the signals of unknown microwave power. We believe that obtained results are important for the practical

development and performance optimization of microwave frequency detectors and other microwave devices based on STMD
arrays.


