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Read-out System
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Read-out System
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Modulation-Demodulation

Flux Ramp Modulation

Iramp = I · framp · t

Φc = I ·Mm · framp · t = nΦo · framp · t

Input Signal
Φi = IiMi

SQUID

I = Icsin(φ)
L = LJ · sec(φ)

φ = 2πΦ
Φo

= 2π(Φc +Φi )
Φo

 I = Icsin(2πmrampt
Φo

+ 2πΦi
Φo

), L(t)
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Modulation-Demodulation
Microwave Tone

InputTone = Asejθs = Ascos(θs) + jAssin(θs)

Periodic Variation

OutputTone = [Ascos(θs) + jAssin(θs)] ∗ s21(t, φi )

OutputTone = I(t, φi ) + jQ(t, φi )

Lock-in Detection

θ(t, φi ) = arctan(Q(t, φi )
I(t, φi )

)

φi = arctan(− θ(t, φi ) · sin(wct)
θ(t, φi ) · cos(wct))
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Flux Ramp Parameters

Considerations:
∆fBW = 2framp · nΦo

framp ↓ and nΦo ↑: less noise and reflection problems.
framp ↑ and nΦo ↓: improve distortion factor and power dissipation in
path.
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Ramp Signal
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Ramp Signal
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Flux Ramp Path

Adopting framp = 10KHz , nΦo = 5

I = nΦo
Mm

= 200µA, considering Mm as tens of pH
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Flux Ramp Path

MDAC 7821
fs = 20.4MHz
12 Nbits
±1 LSB INL, DNL
Price = 6.54 USD

MDAC 8811
fs = 25MHz
16 Nbits
±1 LSB INL, ±0.5 DNL
Price = 15 USD
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Flux Ramp Path

Wurth Elektronik 749012011
1:1 relation
2 transformer
Price = 4 USD
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Flux Ramp Path
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VIVADO Generation
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Future Work

Make a complete analysis of the signal path:
I Cables, connections
I Attenuation inside the cryostat
I Optimal amount of harmonics
I SNR in all the chain

Lab
I Study different signal generation approach
I Take into account another modulations signals
I Build setup and measure
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Mein Aufenthalt in Deutschland
Courses

Thin Film: Technology, Physics, Application - I. Karlsruher Institut
für Technologie, Karlsruhe, Alemania.
Single Photon Detectors.Karlsruher Institut für Technologie,
Karlsruhe, Alemania.
Radio Frequency Integrated Circuit and System. Karlsruher Institut
für Technologie, Karlsruhe, Alemania.

Conferences
Karlsruhe School of Elementary Particle and Astroparticle Physics:
Science and Technology. Vierjahreszeiten Hotel, Durbach,
Deutschland.
Superconducting Kinetic Inductances. Physikzentrum, Bad Honnef,
Deutschland. (POSTER)
Kryo 2019. Hotelpark Königshof, Königslutter, Deutschland.
(POSTER)
Helmholtz International Research School for Astroparticle Physics.
Achat Plaza, Karlsruhe, Deutschland. (TALK)
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Mein Aufenthalt in Deutschland
Lab

Work in Campus South Low Temperature Lab.
TWPA Amplifier Measurement.
Cryostat Measurement Experience.
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THANKS
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Detector Lock-in
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Other Modulation Signals

Sinusoidal
φ = 2πsin(wct)

Φo
+ 2πφi

Φo

I = Ic · sin(2πsin(wct)
Φo

+ 2πφi
Φo

)

Exponential

φ = 2πewc t

Φo
+ 2πφi

Φo

I = Ic · sin(2πewc t

Φo
+ 2πφi

Φo
)
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