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Abstract

State-of-the-art MKID arrays for optical/near-infrared detection require frequency
spacing of ~ 2 MHz, allowing ~ 500 pixels to be read per GHz of RF bandwidth. As
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such, the Xilinx XCZU28DR RF-SoC chip with its 8 x 4.0 Giga samples per second (GSPS) e AF (DDRA) .
ADCs could potentially digitise quadrature signals in | and Q from 8,000 MKIDs, albeit GigE
limited by the logic resources on the chip. A characterisation of the ZCU111 RF-SoC Dual-Core - a4
carrier board is presented in this poster, in the context of an RF-SoC MKID readout. Arm & Power =
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Based on the expected logic resources required by the firmware design described
herein, the ZCU111 board will need to be expanded if the full available bandwidth is
to be utilised, allowing for real time photon counting for 8 K pixels. A description of
how the FMC+ port can transfer the digitised data from all 8 ADCs to a secondary
FPGA board, through GTY transceivers is shown. This method of coupling to an
external FPGA board, with additional memory (HBM/HMC), will allow 8,000 MKIDs to
be read with microsecond time resolution, in a compact, affordable format.
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XCZU28DR RFSoC Chip Architecture
Showing all main chip subsystems [1]
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Xilinx VCU128 [3]: Virtex Xilinx ZCU111 [2]: Zyng Each 4 GSPS (12 bit) ADC generates 48 Gbps.
UltraScale+ HBM UltraScale+ RF SoC We will clock FMC+ GTY PLL at 12 GHz (24
ZCU111 FMC+ to VCU128 16 GTY (32 Tx) on FMC+ times ADC reference clock (512 MHz))
FMC+ export all 8 x ADC data 2 GTY (4 Tx pins) per ADC [4]

MKID1: Resonator #1 Example Cosmic Ray Detection

MIID AEMT _ ]— ADR Cryostat 0.75 .
0.50 E 0 W AWV ;
LO (~6 GHz) ) 0.25 E_ E§1 =207 T
® @ ® 3 —  0.00 L -40 !
L m @)
+ ! G O _0.25 f D -60 &
DACS (1/0) ADCs (/) O — A
6.4 GSPS (14 bit) 4.0 GSPS (14 bit) j m 050 '5' _80 T
wn N
Phase Delay —-0.75 (C -100 i
@ FIRFiIt#T-r c
e il o |
FIR Filter Bin Scale = x2 15 -
4/8 Tap Sinc § o —— Resonance = 8.23564 GHz —140 |
Hamming Window v ® , , , : , . . . . . [
AT mnm§m=x2 | E:E 8.232 8.234 8.236 8.238 8.240 0 100 200 300 400 500
2,000 DDS Tones o o) 0 5 Frequency [GHz] Non-Referenced Time [us]
(sampled at 2 MHz) Channels U : : : :
FFT (4,096 Points| S21 transmission for a prototype Al MKID, Cosmic ray impact (ROACH 1 [5]), with high-
4,096 Even-Spaced . .
Channels fabricated & tested at DIAS/TCD, (blue-solid). Q resonators on loan to DIAS from
Simulated response to photon incident (blue- Netherlands Institute for Space Research,
o Selooti) dotted). Red arrow represents a probe tone. Utrecht. Credit: P. de Visser, J. Baselmans.

2,000 Channels

Control PC
100G Ethernet

References: [1], [2], [3] Xilinx Inc., ‘https://www.xilinx.com/products’
[4] Xilinx Inc., ‘White Paper: UltraScale GTH/GTY Transceivers’

[5] S. McHugh, et al., ‘A readout for large arrays of Microwave Kinetic Inductance

Detectors’, arXiv:1203.5861v1 [astro-ph.IM] 27 Mar 2012

DDCs
Digital Down Conversion
2,000 Unique Channels

Finer
Channelisation

LPF

Memory Low Pass Filters
On-Chip/On-board (~250 MHz)

Memory Recording
Phase

This material is based upon works supported by the Science Foundation Ireland under Grant No. grant 15/1A/2880.


https://www.xilinx.com/products

