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The CMB Challenge and QUBIC
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BLIP Detectors and Multiplexing
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Objectives

Main Objective

Design a compact, scalable and universal 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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Organization
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Organization
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Small Scale MKID Array

T 30 (mm)

(c) Sample Holder (9)

9/29



Large Scale MMB Array
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RF Front-end Requirements

Parameter Minimum | Step Maximum | Units | Description
DAC Number 5 - - Units

DAC Sampling frequency | 1 - - GHz

DAC ENOB 12 - - Bits 2 bits higher than ADC
ADC Number 5 - - Units Plate Temperature
ADC Sampling frequency | 1 - - GHz

ADC ENOB 10.6 - - Bits

Rx Power -60 - -20 dBm

Tx Power -30 - -10 dBm

Clock Jitter - - 180 fs SNR Clock

LO Frequency 4000 33102 | 8000 MHz LNA Bandwidth
LO Phase Noise - - -90 dBc/Hz | SNRLO

LO Stability 1 - - ppm SNR LO

Tx IQ Phase Control 0 0.1 10 degree | IMRR

Tx 1Q Amplitude Control | 0 0.1 3 dB IMRR

TX 1Q DC Offset Control | 0 2 200 uV LO Leakage
Rx IQ Phase Control 0 0.1 10 degree | IMRR

Rx 1Q Amplitude Control | 0 0.1 3 dB IMRR

Tx Gain 40 40 dB

Tx NF - - 10 dB

Tx IIP3 20 - - dBm

Rx Gain 40 40 dB

Rx NF - - 5 dB

Rx IIP3 20 - - dBm

12/29



Expected Results

— single tone readout
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Projects
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Summary
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Backup - Cosmic Variance™
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Backup - Photon Sources

Source | Power [ NEP | %
Atmosphere | 1.6pW [ 214-10-"W/\VHAz | 36
Cold Box 0.420W | 0.95-10-77W/\/Hz | 9.2
Telescope | 1.4pW | 1.96-10-""W/VHz | 31

Excess 1pW —-10"""W/VHz 22
CMB 0.08pW | 1-10-"W/VHz | 1.8
Detectors | - 1-10-"W/VHz 12

Total [ 45pW [5-10""7W/VHz | 100
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Backup - Noise Budget

Noise Source NEP So(f) Th
Photons 5.10""W/VHz 1.74 - udo/VHz | 11K
Thermodynamic Fluc. | 3-10~""W/\/Hz 1.05 - udo/VHz | 4K
Johnson Electrical 0.1-pudg/VHz | 0.03K
Johnson Magnetic 0.2 udo/vHz | 0.3K
SQUID 0.6-udo/VvHz | 1.3K
TLS 0.2 ubo/VHz | 0.2K
Flux Ramp - 0.9-udy/vHz | 2.9K
Cold Coupler - - 01K
HEMT - - 2K
Rx - 0.5K
Total 6.92- 10" 7"W/VHz | 2.39 - pdo/vHz | 21K
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Backup - TES

Parameter | Band 1 | Band 2 | Band 3 | Units Description References

Pray 4.5 7 pW Incident Power 3 bands

Psat 12.5 17.5 pw Saturation Power 3 focal planes

v 90 150 220 GHz Radiation frequency 3 bands

Av/v 25 25 25 % Relative Bandwidth 3 focal planes

NEP 5 4.4 6.2 1-10 — 17W/V/Hz | Noise Equivalent Power Qubic TDR - TES Thesis

Crnax 140 140 pJ/K Maximum Heat Capacitance Qubic TDR - TES Thesis

G 300 300 pW/K Thermal Conductance Qubic TDR - TES Thesis

L 10 10 Unit Loop Gain Qubic TDR - TES Thesis

Gt 3300 3300 pW/K Effective Thermal Conductance | Voltage biased, strong ETF

Tmax 62 42 mS Maximun time constant Qubic TDR

Ruet 330 330 KA/W Detector Responsivity TES Voltage biased, strong ETF
Vhbias 3 3 nV Voltage Bias TES Voltage biased, strong ETF
Si(f) 14.5 20.5 pA/VHz Noise Equivalent Current TES | Mates Thesis - TES Tesis

M, 80 80 pHy TES Coupling Inductance Coupling to SQUID

Top 300 300 mK Operating temperature Based on Qubic Cryo

7 0.9 0.9 Units Radiation Coupling Efficiency Qubic TDR

I+w 3x3 3x3 mm Squared size Qubic TDR

BWer 100 100 Hz Detector Bandwidth Bolometer signal
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Backup - uMUX

Parameter | Band 1 | Band 2 | Band 3 | Units Description References

Nget 1024 1024 Units Number of Sensors Per focal plane

Af 6 6 MHz Resonators Spacing 20 times Res BW - Mates Thesis
BWget 100 100 Hz Detector Bandwidth Bolometer signal

BWehannel 300 300 KHz Resonator Bandwidth Mates Thesis - FRM

BWinux 4-8 4-8 GHz Coaxial Lines ECHo Project

Q 1x10% | 1 x 10° | Units Intrisic quality factor Mates thesis - SOI high-resistivity silicon
nm 1 1 Units Bandwidth to Frequency Shift Mates Tesis

Ls 20 20 pHy Screening Inductance Je = 0.51A/m= Nb trilayer

Cy 100 100 fF Josephson Capacitance Je = 0.51A/um= Nb trilayer

Ry 100 100 Ohms Josephson Resistance Je = 0.51A/um= Nb trilayer

M, 1.65 1.65 pHy Squid Coupling Inductance Je = 0.51A/m= Nb trilayer

M, 24 24 pHy Flux Ramp Coupling Inductance Je = 0.51A/m= Nb trilayer

A 1/3 1/3 Unit Non-Hysteretic Parameter Mates Thesis

P 1/ 1/m Unit Flux amplitude Mates Thesis

[ 10 10 fF Resonator Coupling Capacitance Mates Thesis

4 50 50 Ohms Resonator Impedance Mates Thesis

Zy 50 50 Ohms Feedline Impedance Mates Thesis

So(f) 1 1 11®0/v/Hz | Noise Equivalent Flux - SQUID Mates Thesis

Top 300 300 mK Operating temperature Mates Thesis ADR 50mk to 350mk
Tread 6 6 K Noise Equivalent Temperature - Readout | Mates Thesis

frm 50 50 KHz Flux Ramp Modulation Frequency Mates Thesis
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Backup - Cryo Setup

Parameter | Minimum | Step | Maximum | Units | Description

Tstaget 300 | 300 mK Plate Temperature

Tstage2 4 4 K Plate Temperature

Pstaget 300 | 300 mW | Cooling Power Detectors Plate
Pstage2 1 1 W Cooling Power LNA Plate
Astaget 15 - 20 dB Cold Coulpler

Astage2 20 30 dB Cold Attenuator

Gina-1 35 - 4 dB First LNA Gain

Gina-2 15 - - dB Second LNA Gain

Tnina—1 2 - 4 K First LNA Noise Temperature
Tnina—2 20 - - K Second LNA Noise Temperature
lIP3 na—1 | -40 - - dBm | First LNA IIP3

HIP3na—2 | -10 25 dBm | Second LNA IIP3
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Backup - System Req

Parameter Minimum | Step | Maximum | Units | Description
Operation Frequency | 4000 - 8000 MHz | LNA Bandwidth
Tx SNR 75 - - dB

Rx SNR 65 - - dB Plate Temperature
Rx Power -55 - -35 dBm | Plate Temperature
Tx Power -35 - -65 dBm | Plate Temperature
SNR Jitter 65 - - dB SNR Clock

SNR Phase Noise 65 - - dB SNR LO

LO Stability 1 - - ppm | SNRLO

IMRR 60 - - dB IMRR

LO leakage 40 - - dB LO Leakage

Tx Spurious -60 - - dBc

Rx Spurious -60 - - dBc
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Backup - RF Front End Req

Parameter Minimum | Step Maximum | Units | Description
DAC Number 5 - - Units

DAC Sampling frequency | 1 - - GHz

DAC ENOB 12 - - Bits 2 bits higher than ADC
ADC Number 5 - - Units

ADC Sampling frequency | 1 - - GHz

ADC ENOB 10.6 - - Bits

Rx Power -60 - -20 dBm

Tx Power -30 - -10 dBm

Clock Jitter - - 180 fs SNR Clock
LO Frequency 4000 33102 | 8000 MHz LNA Bandwidth
LO Phase Noise - - -90 dBc/Hz | SNRLO

LO Stability 1 - - ppm SNR LO

Tx IQ Phase Control 0 0.1 10 degree | IMRR

Tx 1Q Amplitude Control | 0 0.1 3 dB IMRR

TX 1Q DC Offset Control | 0 2 200 LO Leakage
Rx IQ Phase Control 0 0.1 10 degree | IMRR

Rx 1Q Amplitude Control | 0 0.1 3 dB IMRR

Tx Gain 40 40 dB

Tx NF - - 10 dB

Tx IIP3 20 - - dBm

Rx Gain 40 40 dB

Rx NF - - 5 dB

Rx IIP3 20 - - dBm
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