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We have an experimental setup for controlling a tin vacancy color center. A pulse of a green (515 nm) For testing and training strategies for the code that will be run on 1000 - " sy W *
laser at 6w for 10us can pump an electron out of the vacancy, leaving room for remaining electrons to the FPGA, we need to simulate the whole system, with a focus on 1000 4 “h
bounce between the ground and excited states. A red (~¥620nm) laser at is used to excite one of these the behavior of the FPGA and how it interacts with the other 500 - OO R i
electrons, which will re-emit photons at a rate dependent on how close the frequency of the red laser is devices. @ Y 800 fp“
to the resonant frequency of the vacancy. The vacancy can have multiple optically active states with ‘g . | ‘g W
differeit reserEl egemneles: Typical FPGA simulation involves simulating every logic gate during % % 0007
every clock cycle. This is extremely slow, and can often result in &:“ 400 - %
We would like to choose a state and push the emitter into it as quickly as possible. This is a first step minutes of compute time for nanoseconds of simulation time. Thisis 5 400°
to further manipulation such as producing entangled states with other color centers. To accomplish far too slow for our needs, so instead we developed our own N 500 - -
this, we monitor the rate of photons detected, estimate the state, and then send a laser pulse using simulation system with two major improvements over FPGA 200
the AWG. simulation: high-level emulation of FPGA-implemented . . i j
components, and event-driven simulation. Together these result in : : ; : : s : i ; . .
a simulator that often runs faster than real-time while still offering Time (s) Time (s)

The green lines are pulses of the green laser, scheduled to happen once per second.

nanosecond-level detail.
The blue lines show the rate of photons detected, averaged over 1ms time bins.
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(see https://docs.qick.dev)

Rather than attempt to simulate every detail of FPGA, we instead

gikhfe":d:)euﬁ'zs‘:?emivith focus on the high-level behavior. We developed a Python library Lea rn i ng O pti ma I CO nt rol St rategi es

a click counting and time that implements the instruction set of the T-Processor, as well as
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Q " K tagging system. capturing the behavior of the peripheral components. AWGs are Our simulation setup provides ways to debug T-Processor programs that are not
modeled as recording the parameters of the generated waveform possible on device, and this has already let us rapidly prototype control
Controlled through Jupyter and the timing of when the pulse is generated. The click counting

Notebook over the internet strategies. However, we are working on taking this a step further.

ZCU111 RFSoC We are working on a neural network accelerator FPGA component, which will
ARM CPU run a model that we will train in simulation. However, to train this model, we

* Hosts the Jupyter Notebook L L : : : . . .
« Sends programs and We chose to implement our emulator in Python because typically need a high-quality Slr?ulatlon of t.he SnV. We can achieve this by using data
from the actual experiment to train a model of the SnV!

commands to the T-Processor the Qick Python library is used to control the T-Processor. We have
designed our simulation library to have an identical interface to the
Qick library, such that the same Python script can be run on either

the simulator or the actual device. R FSOC St rategy Tra i n i ng P I a n

component is its own specialized coprocessor with multiple modes,
including both counting and time tagging, so its behavior was also
described in Python.

M ND
A — Foodac
. IT M  EOM AOM ResonantLaser & & . SImU|at9d RFSoC
y 'F:'SHL PBSL I / . -Eorggisfv%s and Click Eve nt = D rlve n SI m u Iat I O n Click La;er Ptulse
\a 71 N M v Counter The base unit of time in our simulation is the FPGA clock cycle (it is a L e
— . HW = ) ?pgcial features to coordinate 384MHz clock, so the clock cycle is about 2.6ns). However, we do RL SnV MOdeI
100X camers qu ming not need to simulate every clock cycle. A typical program for the T- W

« Capable of fast-feedback

= - % 20X control of the SnV Processor involves a 1us measurement cycle. The T-Processor
; LPF ﬁ L " JPBS LPF [/ % _ I performs data processing and makes decisions at the beginning of .
Cryo’;emc EMCICD y A » Click Counter the cycle, and then waits until the next cycle. The SnV in its brightest Snv M od el Tra NI ng Pla N

state emits about 1 million photons per second, which is about 1
photon per ps. Overall, only about 10-15% of the FPGA clock cycles
involve any activity that we need to emulate.
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We have made our simulation event-driven, which means that Photon

instead of simulating each clock cycle, we skip to the next “event” History
which is either T-Processor activity or a photon captured. This allows Predicted State Laser Pulse
us to skip 85-90% of the clock cycles with no loss in simulation History
accuracy. We are able to maintain nanosecond-level detail while
- often simulating at faster than real-time. Training
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