Amplitude Shift Keying (ASK) Frequency Shift Keying (FSK) Coded Division Multiple Access (CDMA)

Multiplexing notice

To transmit N signals via one channel, the "channel" must provides better performances than for a single signal transmission.

⇒ The increasing of the required performances is directly linked to the number N of multiplexed signals. ⇒ The affected performances are both :

Band Width Dynamic / Signal to Noise Ratio the multiplexing divides the capacity of the high-level communication channel into several low-level sub-channels, one for each message, signal or data to be transmited. 

Requirement for multiplexing

To multiplex a signal, the readout system (multiplexer) must have better performances than to read-out a single pixel. 
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TDM

  Requires a specific frequency carrier / signal Summation ≡ increasing the bandwidth and the dynamic prele@apc.in2p3.fr 15 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Sine waves multiplexing until now, signal has been represented as a time or freq. "tophat" t S f S from now, signals will be represented as 4 sine waves prele@apc.in2p3.fr 16 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Time Domain/Division Multiplexing -TDM Modulation -Sampling prele@apc.in2p3.fr 17 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Time Domain/Division Multiplexing -TDM Summation -multiplexing Σ prele@apc.in2p3.fr 18 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Time Domain/Division Multiplexing -TDM Spectrum occupancy : BW T D M > N × fs > 2 × N × BW Si g prele@apc.in2p3.fr 19 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Time Domain/Division Multiplexing -TDM Shannon-Nyquist Unsatisfied ⇒ Alias the unfiltered white noise prele@apc.in2p3.fr 20 / 51 DRTBT 2018 -Aussois -du 9 au décembre 2018 Time Domain/Division Multiplexing -TDM demultiplexing before sample & hold and filtering × prele@apc.in2p3.fr 21 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Frequency Domain/Division Multiplexing -FDM Modulation -Frequency transposition prele@apc.in2p3.fr 22 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Frequency Domain/Division Multiplexing -FDM Summation -multiplexing Σ prele@apc.in2p3.fr 23 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Frequency Domain/Division Multiplexing -FDM Increasing of the amplitude of the multiplexed signal prele@apc.in2p3.fr 24 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Frequency Domain/Division Multiplexing -FDM Spectrum occupancy : BW F D M > 2 × N × BW Si g Multiplexing prele@apc.in2p3.fr 25 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Frequency Domain/Division Multiplexing -FDM Aliasing of the unfiltered signal and white noise As for TDM, there is a "Shannon-Nyquist" law (modulation vs sampling) which need to limit the signal (and noise) to a bandwidth below an half of the carriers frequency separation prele@apc.in2p3.fr 26 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Frequency Domain/Division Multiplexing -FDM demultiplexing before filtering × prele@apc.in2p3.fr 27 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Frequency Domain/Division Multiplexing -FDM demultiplexing in the frequency domain prele@apc.in2p3.fr 28 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Frequency Domain/Division Multiplexing -FDM demultiplexing in the frequency domain prele@apc.in2p3.fr 28 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Coded Domain/Division Multiplexing -CDM Spectrum occupancy : wide "spread" spectrum Multiplexing prele@apc.in2p3.fr 32 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Basic multiplexing Mux/Demux of tones Techno. review c t o r a r r a y M u l t i p l e x e r S u m prele@apc.in2p3.fr

  LN A + I nt eg r at or mux (32 : 1) d i f f . LN A + I nt eg r at or mux (32 : 1) d i f f . LN A + I nt eg r at or mux (32 : 1) d i f f . Aussois -du 9 au 14 décembre 2018 Basic multiplexing Mux/Demux of tones Techno. review Cryogenic TES time domain multiplexer -QUBIC + Aussois -du 9 au 14 décembre 2018 prele@apc.in2p3.fr 37 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 prele@apc.in2p3.fr 37 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 prele@apc.in2p3.fr 37 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 prele@apc.in2p3.fr 37 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 prele@apc.in2p3.fr 37 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 prele@apc.in2p3.fr 37 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 SQUIDs glued and wire bonded on a box prele@apc.in2p3.fr 37 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 ASIC Stage (Application Specific Integrated Circuit) prele@apc.in2p3.fr 38 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Basic multiplexing Mux/Demux of tones Techno. review SiGe ASIC for cryogenic 1:128 TD SQUID M to reduce the part of the array readout prele@apc.in2p3.fr 40 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 TDM TES X-ray mux -4x32 -256 detectors prele@apc.in2p3.fr 43 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018TDM TES γ-ray mux prele@apc.in2p3.fr 43 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 FDM by SRON 1D prele@apc.in2p3.fr 45 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 FDM by SRON 1D with BaseBand FeedBack prele@apc.in2p3.fr 45 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 FDM by SRON 1D for the far-infrared satellite mission SPICA prele@apc.in2p3.fr 45 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018 Conclusion Multiplexing for the readout of large arrays Reduction of the wiring The multiplexer must have better : bandwidth > 2 × N × BW Si g , dynamic range and/or noise performances ∝ N . than for a readout of one pixel Multiplexing is like a modulation + summation TDM is based on "boxcar" modulation Switchs or shift FDM is based carrier modulation LC filters + lot of "new" Mux as CDM, µMux, Thermal Mux ... prele@apc.in2p3.fr 51 / 51 DRTBT 2018 -Aussois -du 9 au 14 décembre 2018

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Code as a third dimension ?

Code is represented as a third dimension even if this is not necessarily a physical dimension.

INFORMATION

Multiplexer

One channel

TRANSMISSION

To transmit N signals via One channel, the "channel" must provides better performances than for a single signal transmission.