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SINGLE QUBIT CONTROL
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SINGLE QUBIT CONTROL
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CONTROL HARDWARE
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CONTROL HARDWARE
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CONTROL HARDWARE: requirements for QUART&T

DAC RF DAC DC DAC RF
ive qubit

- Flexibility for different topologies S T Rl
- Scalability (ot Py
- Physical complexity
- Large bandwidth

- High sampling rate

ﬂ'(focdback qubits)

(gﬁec qiﬁ) ._3_3’ \(_t_" (drive qubit)
YT
- Possibility of generating fast DC pulses Q - - -
- Possibility of generating stable biases o

- Possibility of highly multiplexed readout | X L




CONTROL HARDWARE: ZCU216

The ZCU216 is a Gen. 3 RFSoC that can
synthesize pulses up to ~10 GHz pulses

without external upconversion using Direct
Digital Synthesis (DDS).

The main positives are the simplicity in the
instrumentation (one to rule them all) and
the full configurability and flexibility that a
FPGA offers.

16 DAC (9.85 GSPS)
16 ADC (2.5 GSPS) The main negative is that programming a
FPGA is not trivial.

4272 DSP slices
930K+ Logic Cells



CONTROL FRAMEWORK

- Stefanazzi, L. et al. The QICK (Quantum Instrumentation

|
Control Kit): Readout and control for qubits and detectors. : o
(2021). : 3
3
- Ding, C. et al. Experimental advances with the QICK 2
(Quantum Instrumentation Control Kit) for ' 2
Q ' C K superconducting quantum hardware. (2023). : -
|
- Efthymiou, S. et al. Qibolab: an open-source hybrid o
quantum operating system. (2023). 3 g_
<0
@
. - Carobene, R. et al. Qibosoq: an open-source 3 %
Qibo ecosystem framework for quantum circuit RFSoC programming.
(2023).
- Pasquale, A. et al. Qibocal: an open-source framework QPU

for calibration of self-hosted quantum devices. (2024).




ZCU111 (Gen. 1) DAC up to 6 GSPS

PAST MEASUREMENTS

Classification experiment
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FIRMWARE DEVELOPMENT: FIREQ
(FPGA-based Instrumentation for REadout and Qubit control)

1
dac_trigger_ext

- Continuous acquisition using 10 Gb for sensing application

— possible need of trigger system on the FPGA [ GENERATOR ]
- Improve QICK scaling capabilities dac_start
— internal triggering system to launch pulses and o
measurements ADC
- Real-time sweeps of non trivial pulse-parameters Y tig_int
— in particular pulse duration sweeps that @
change samples N isisisiniyinininiyisiniydnint
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tProcessor:

FIRMWARE DEVELOPMENT: FIREQ

- Substitution of QICK tProcessor (max 7 DACs, limited commands...) with

general purpose soft processor

(. - MicroBlaze:

Tisme

e Custom "Xilinx"ISA;
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eI NE . e 32 bit processor;
o1 1T iy [T wSC
¢ Hard-core dependant;
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(Vivado IP);
e Fastimplementation;
e High performances on
ZynqUltrascale+

Master
Clock

MicroBlaze #

Ext Mem Controlier

Custom "tProc” 1SA;

32 bit processor:

Developed by Fermi Insitute;
Hard-core dependant;

Low platform mantainance
(=2 year for a new version);

32-bit Processor Core

SP1 Controller
12C Controller

o Memory UART
el
Unat
Interrupt Controler

DOR Controfier Ethermet Controlier Timer

Thesis Goal

X-HEEP:

o RISC-V ISA;

¢ 32 bit processor;

¢ Hard-core dependant;

¢ High platform mantainance
(mantainers also in the VLSI
Lab):

¢ Easy implementation;

e Highly customizzable;
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PULP Cheshire:

e RISC-V ISA;

¢ 641 bit processor:

e Linux capable;

¢ High performance (multi-
core) processor;

¢ FEasy porting from X-HEEP to
Cheshire;

¢ High-performance processor;




SOFTWARE DEVELOPMENT

Better exposure of RFSoC features
— change of the sampling rates to move DDS spurious tones
— control of on-chip filters and digital Local Oscillator for readout datapath

- Integration with Optimal L, s | Eeau: N
Control systems or/and RL s — * ﬁ
pulse control Pl transfomrer
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HARDWARE DEVELOPMENT

- Design of complete open-source enclosure for safety and moving towards a
more complete laboratory instrument

- Design of a specific auxiliary board tailored to our needs (the standard one
has baluns on the output, filtering DC, and other non-bypassable filters)
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