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Main Objective

Design a compact and scalable RF Analog Front-End for the readout system
of Low Temperature Detectors using frequency division multiplexing in the
range of GHz.
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Previous Work

@ Key Points

Read-out Powers.
Multiplexing Factor.
Signal to Noise Ratio.
Long Term Stability.

TABLE VIII. RF Front-End parameters for the QUBIC project.

Parameter Symbol Unit Step Maximum
DAC Number Npac Unit 5 - -
DAC Sample Rate  fpac MHz 1000 - -
DAC SFDR SFDRpyc dBFS 60 - -
DAC ENOB npac bits 16 - -
DAC Full Scale FSpac Volt 0.5 - -
ADC Number Napc Unit 5 - -
ADC Sample Rate  fapc MHz 1000 - -
ADC ENOB napc bits 10.6 - -
DAC SFDR SFDRpyc dBFS 60 - -
ADC Full Scale  FSapc Volt 0.5 - -
Clock Jitter Tje fs - - 125
1Q Phase Control A6, ¢ - 0.1 -
1Q Amp. Control ~ AAg dB - 0.05 -
DC offset Control ~ AV uv -200 2 200
Rx Gain GRe dB 17 0.5 37
Tx Gain Gry dB -25 0.5 -5
Gain Slope Gry dB - - 5
Gain Ripple Gry dB - - 3
Rx Noise Fig NFg, dB 2 - 18
Tx Noise Fig NFr, dB 10 - 30
Rx IIP3 1P3g, dBm 13 - 30
Tx 1IP3 HP37, dBm 30 - 47
Rx 1IM2 P2, dBm 20 - -
Tx [IM2 1P27, dBm 20 - -
Rx IP1dB PldBg, dBm 3 - -
Tx IP1dB PldBr, dBm 20 - -
LO Frequency fro MHz 4000 0.1 8000
Frequency Stability & f ppp/h - - 10
LO Phase Noise %y 1.  dBc/Hz - - -7
LO Phase Noise \0H:z dBc/Hz - - -47
LO Phase Noise ~ Zjpoy:  dBc/Hz - - -67
Power Stability rd dBm/h - - 0.1
Phase Stability 56 ?/h - - 1
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Read-Out System Scheme

FRM & Bos

Reduced Front End J

How does the RF Front end Degrades Signal Quality?.
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Reduced RF Front-End Characterization.
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Characterization Set-Up.
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Baseband Loopback.
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RF Loopback
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uMUX Emulator

Signal Gen.

Trigger Out

20 Loopback with uMUX Emulator
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Preliminary Results.
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Preliminary Results
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Publications, Events and Courses

@ Events

- 7th MT Meeting DTS mirror agenda - February 2021.
@ KSETA Courses

- Introduction to Quantum Physics - October 2021.

- Low-Temperature (Superconductive) Detectors - October 2021.
@ Languages

- Deutsch A2.1 (UNSAM).

- Deutsch A2.2 (UNSAM) (in progress...).
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QUBIC Integration LAB
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Measurements Processing and Validation.

@ Signals
- Spectral and Temporal Characteristics.
- Amplitude Distribution and Powers.
@ Signal to Noise Ratio Vs. Number of Tones.
- Additive Noise.
- Multiplicative Noise.
- Spurious and Synchronization.
@ Integration.
- Include a Frequency Reference.
- Integration with other Sub-systems.
- Buy/design Missing components.
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RF SoC Characterization

Processing System

DisplsyPort
Quad-Core Merm . =
Arm
Cortex-A53 “oen"
Ed
SO/eMMC
NaND

Dual-Core

Platform

Arm & Power
Cortex-R5 "
Programmable Logic osp 336 Toa
(a) RF SoC Architecture (b) RF SoC Evaluation board.

Possible Improvements:

@ Integration and Low Power Consumption
@ Bands Combining/Splitting
@ Synchronization and Stability
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Thanks!
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Questions?
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Backup - Telescope
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RF Front End

g:@—% &

(a) RF FE Top (Radio-frequency) (b) RF FE Bottom (Power Supplies).
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Filters Design

(a) Intedigital Band pass Filter. (b) EM Simulation.

23/31



SE to DIFF Converter

(a) SE to DIFF Converter CAD. (b) SE to DIFF Board.
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uMUX Emulator
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(a) MKID/uMUX Emulator. (b) Sa1(f) Vs. Voltage.
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uMUX Emulator Bias

Vgen(t) — VdC + Vac . Sin[27['frt + B . Xdet(t)] (1)
1

~ 2n/LCo + LC[Ven(D)]

Attention

More detailed model should use Taylor’s series due to the non-linearity
frequency vs. voltage.
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IQ Plane
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(b) Complex Plane Transformation.
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Signal Distribution
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Signal Spectrum
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RF Cryo-circuit

Switch Bias Flux Ramp In Out.
300K
PT DC Black
G
4K
MC

Figure: RF Chain inside Cryostat.
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Extra Spectrum
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Figure: Scope Baseline.

RF Loopback Tones both Sides
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Figure: Two Sided Spectrum.
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