Adaptable Firmware for Microwave SQUID Readout on a Commercial Hardware Platform
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/Microwave Mux System Attributes

Below is a description of pertinent variables the govern key design choices of the firmware. The table contains a list of current and future
resonator bandwidths along with their associated attributes.

e Three attributes a firmware programmer needs to know about the microwave multiplexer to read the device out:
o Afspacine : The frequency spacing between adjacent channels, this determines how steep of a filter cutoff is needed
o fsup sampLinG : The sampling needed after channelization to resolve the flux ramp modulation
o NcyanneLs - The number of channels, can be represented in a per GHz value or number of channels per ADC set
e The below attributes can be calculated based on the device design characteristics and specific application:
o BWgryw gy : Resonators full width half max bandwidth, this sets the scientific sampling rate and channel bandwidth
o Nspacine : Number of bandwidths between adjacent channels, this sets the required frequency for the stop-band
o Nrp,p: A generalized additional factor of resonator bandwidths that helps set the number of channels. This integrates all
unused bandwidth (between sub-bands, between chips, between digitization bands) into a single, per-channel number.
o BWhpicitizarion: Typically, the Nyquist sampling rate of the platform or pair of ADCs.

S BWFWHM NSPACING NFAB AfSPACING NCHANNELS
Afspacine = BWrwam * Nspacing [MHz) [#] # | [MHz] [#/GHz]
60.00 - - - 2
BWDIGITIZATION 8.00 8 1 64.00 16
NCHANNELS — 5.60 6 1 33.60 25
BWrwum (Nspacine + Nrag) 2.09 ! 08 | 14.00 od
1.40 6 1 8.40 100
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Microwave Multiplexer Application S

One way to visualize how these attributes affect the fir
hardware platforms' bandwidths, presented as shaded
of 7.
e Small Development Boards
o RED PITAYA: 2x ADCs and 2xDACs @ 12
o XTRX PRO: 2x ADCs and 2xDACs @ 1
e Intermediate DSP Boards
o ROACH2: 2x ADCs and 2xDACs (@

Microwave SQUID Multiplexing Application Space
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o Quarter-Band Filter
o Fine FIR Filter (Response to the right)

Implementations

64 Channel Abaco Firmware, 2 MHz FWHM
\ e Two Stage FIR Filter

e 15.625 MSPS, complex samples

o Roll off starts at ~¥2 MHz

o Calculated Magnitude of -61dB by center of next

channel

Frequency Response of FIR for 8 MHz FWHM

Freguency Response of FIR for 2 MHz FWHM \
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256 Channel Abaco Firmware, 0.3 MHz FWHM

Frequency [MHZz]

e PFB Based Channelization
o 1024 Bin FFT
o 4 Tap Window and co-add before FFT

o Window coefficients programable on the fly -
e 1.953125 MSPS, per bin, complex samples

o Achieved by two PFBs in parallel with a half FFT

frame offset for the second PFB

o -85 dB and beyond for a channel 3 MHz away!!
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8 Channel Abaco Firmware, 8 MHz FWHM
e Two Stage FIR Filter
o Quarter-Band Filter
o Fine FIR Filter (Response to the left)

- e 62.5 MSPS, complex samples

o Roll off starts at ~¥16 MHz
o Calculated Magnitude of -96 dB by center of next
channel, but due to quantization can only resolve
down to -73 dB
e Generated from the 64 Channel firmware in ~4 hours

Frequency Response of PFB for 0.3 MHz FWHM

—— Base FFT Response Hardware
—— Hann w/ Widening Hardware
Hann w/ Widening Simulation

—— HFT248d Flattop Hardware
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Resource Utilization

For above implementations

% Utilization

64 Channel for | 8 Channel for
2MHz FWHM 8 MHz FWHM

256 Channel for
0.3 MHz FWHM

LUT 48.02 21.99 5.44
FF 46.69 17.64 4.71
DSP 54.49 19.13 5.80
BRAM (18k) 58.89 19.63 11.13
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