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A. Sensing element

input output
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\ Sensing element j

» High frequency (GHz) excitation — large spin wave wavelength — dipolar interactions between neighboring spins
— Magnetostatic spin wave

» Magnetic field applied parallel to the surface and perpendicular to the propagation direction
— Magnetostatic Surface Spin Wave (MSSW)
2 2
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» MSSW dispersion equation: )
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A. Sensing element

input output
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\ Sensing element j

» High frequency (GHz) excitation — large spin wave wavelength — dipolar interactions between neighboring spins
— Magnetostatic spin wave

» Magnetic field applied parallel to the surface and perpendicular to the propagation direction
— Magnetostatic Surface Spin Wave (MSSW)

» MSSW dispersion equation:

M\~ M\’
f2 = (’W()Heff n ’}’Mﬂz ) B (’Y;UJDQ o—2kd

Y : gyromagnetic ratio H,: applied magnetic field d: material thickness
H, : vacuum permeability M_ : saturation magnetization k : wave number
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b a, b2 Bo b
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\ Sensing element j

» High frequency (GHz) excitation — large spin wave wavelength — dipolar interactions between neighboring spins
— Magnetostatic spin wave

» Magnetic field applied parallel to the surface and perpendicular to the propagation direction
— Magnetostatic Surface Spin Wave (MSSW)
2 2
’}’MﬂMrs) B (’}”#OMS) —2kd

» MSSW dispersion equation: )
f = (7#0Heff o 9 9

ForB= p H=735mT - f rangesfrom 1.1GHz (k=0) to 2.65GHz (k- )
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Performance criteria

ﬁ(t) — (fo, B) D1exp(j2mfyt)
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Demodulation stage

O. Haas, B. Dufay, S. Saez Development of a magnetic sensor based on magnonic materials




EMSA22 ..
1. Measurement principle of the sensor ftGREYC

B. Copditioning circuitry

S21| (fo, B®))

Elément sensible

Output signal N

ﬁ(t) — (fo, B) D1exp(j2mfyt)

v,y (t) = ﬁi[[h(fa:Be) a EE(}C{}:BO)b] ﬁleXPUZ?Tfuf)] Intrinsic sensitivity 5 === =
G, NGB (7. B
vo(t) = RS0 (fo, B)} + = R{si} _2
= ot | Voltage sensitivity Sp = 3R ﬂ} V/T
— ' dolged o
vse(t) == 91{52_1(1‘0, BO)} to R {i}b T Vs Noise spectral density v, , V/VHz

Demodulation stage
Spurious random signal : noise
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» Constructive and destructive effect appearing when half spin wavelength matches the length L of the material
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A. Stationary spin waves (sample s1)

» Constructive and destructive effect appearing when half spin wavelength matches the length L of the material

9 2
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2 2

- Setting wave number k£ = n% in f°= ('}fﬁoHeff +
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» Constructive and destructive effect appearing when half spin wavelength matches the length L of the material
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B. Spin-wave filtering (sample s2)
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B. Spin-wave filtering (sample s2)

- -

F =

— Creation of a rejection band, similarly to SAW fFilters.
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Filter used : 14 strips — Spatial periodicity = 608 pm — rejection frequency of 1.55 GHz
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B. Spin-wave filtering (sample s2)
Filter used : 14 strips — Spatial periodicity = 608 pm — rejection frequency of 1.55 GHz

Rejection band
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Frequency (GHz)

O. Haas, B. Dufay, S. Saez Development of a magnetic sensor based on magnonic materials




EMSA22
2. Optimization of the sensitivity ;" GREYC

Laboratoire de recherche en sciences du numérique

B. Spin-wave filtering (sample s2)

O. Haas, B. Dufay, S. Saez Development of a magnetic sensor based on magnonic materials



EMSA22
2. Optimization of the sensitivity t2 GREYC

Labo ratoire de recherche en sciences du numérique
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C. Comparison

; Intrinsic sensitivity
Sensing element (TY)

sl l _ l n - 1300 T* at 1.5GHZ, 7.23mT

s2 _l r N - +||“|” 400 T at 1.1GHZ, 7.9mT
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A. Conditioning circuitry

» Output voltage expression at sensing element ends :

aT,
v, (t) = | T (fo, Bo) +£(f0r By)b| v1exp(y2mfyt)

» Sensitivity with complex components

Imaginary

A s

S, Real
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A. Conditioning circuitry

» Output voltage expression at sensing element ends :

aT,
v, (t) = | T (fo, Bo) ‘|‘ (for Bo)b] U1exp(2mfyt)

S
o I
> Sensitivity with complex components XGQQ —/\ T_
Imaginary R _va_
A y Amp%aﬁgation -
s
I ’
\\ vg,
N
¥,
it . 2
t Amp(flqﬁgation -
Y
S Real — P =0dBm
A = o

Sync with
adjustable phase
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» Output voltage expression at sensing element ends : » Amplitude and phase: S, and S,
» Realandimaginary: S, and S,

aT, .
v, (t) = | T (fo, Bo) ‘|‘ (for Bo)b] v1exp(J2mfot) Bl ooselopbimd vl gy
V g
L I
» Sensitivity with complex components XGlo A\ T_
Imaginary 1 _i_vf
A 5 Amp%aﬁgation -
AY
s
B ol b w s % ow & s s
Y| A
v
N\
B
R ol
E Amp%‘ﬁgation -
Q
S, Real i Pm =0dBm

Sync with
adjustable phase
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B. Voltage sensitivity performances

Sensing element > 5, i 2
(V/T) (V/T) (V/T)  (rad/mT)
S1 —l : r + - 22 25 12 20

s2 l l n - +|”|”| 1.5 2.0 0.7 -12

O. Haas, B. Dufay, S. Saez Development of a magnetic sensor based on magnonic materials



EMSA22 J
3. Noise sources f‘GREYC

iences du numérique

C. Noise measurements

O. Haas, B. Dufay, S. Saez Development of a magnetic sensor based on magnonic materials



rogesTy
EMSAZZ .

C. Noise measurements
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C. Noise measurements
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Conclusions

» Magnetic sensor based on magnonic materials
. Sensitivity reaches about 20 V/T
. Equivalent magnetic noise level as low as 100 pT/vHz at 1kHz

»  First ways of optimization
. Spatial filtering of spin wave (rejection band) sounds promising but the actual realization does not
improve the results.
. A great attention has to be given to conditioning parameters (f,, B,, @,).
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Conclusions

» Magnetic sensor based on magnonic materials
. Sensitivity reaches about 20 V/T
. Equivalent magnetic noise level as low as 100 pT/vHz at 1kHz

»  First ways of optimization
. Spatial filtering of spin wave (rejection band) sounds promising but the actual realization does not
improve the results.
. A great attention has to be given to conditioning parameters (f,, B,, @,).

» Increase the intrinsic sensitivity
. Better spin wave Ffiltering
. Other geometries
. Needs of a theoretical model as to determine relevant factors

» Reduce noise level of the electronic circuitry
0 Excitation generator
. Other detection method (phase detector, ...)
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