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AbStraCt—Superconducting quantum computing (SQC) can solve some specific .
' ontro
problems which are deeply believed to be intractable for classical computers. Based on the Field Programmable Gate computer

Synchronizing trigger is essential for SQC where the control and measurement of Array(FPGA) in §elf-developed AWG, we design Malsrtzn
qubits can't go on without the synchronous operation of digital to analog converter a two-level trigger generation gateware “ﬂ __
array and the controlled sampling of analog to digital convertor. In this paper, a elaborately that can support the qubit reset. It L i

scalable self-adaptive synchronous triggering system is proposed to ensure 2 star-hke.struc.ture based on the rpaster- JL JL
slave model, in which one of the AWG is set as
Fan-o

synchronized operation among different qubits of SQC. e T T T slava L fan S5 - 16V,
Introduction master receives a 'run' instruction from / \ JL
control-computer, it outputs a series of triggers JL N\
As a distributed data converters array, superconducting quantum computing needs with configurable counts and intervals(figure e n! e
to solve the problem of synchronous operation of multiple qubits. Meanwhile, because 3). These triggers are fanned out into Slave,
the state of qubit is very sensitive to its microwave control signal, the signal must be multiplexed synchronous triggers to each AWG \
stable and controllable, that is to say, the phase noise should be as small as possible. through the fan-out module shown in figure 4. FIE S RCIE SHErIEe SAUE DR SIPu e
The first trigger in level 1 instructs that the ADC reads the initial state of qubit and
Control and Measurement System Of SQC feeds it back to AWG. At the second trigger moment in level 1, the AWG decides whether

to emit a pi pulse for qubit reset based on the state of qubit. This is a complete operation

A quantum processor chip made with a qubit reset. Level 2 is the repetition of operation in level 1.
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X

from superconducting qubits works at  AWG AWG AWG AD source C The Self-ada ptive Design
an ambient temperature below 10mk

V DC source Fan-out
provided by dilution refrigerator. The | -~ v - ~ _ Under the master-slave trigger mechanism, ) Svtjzf
modulating signal from room l 1 I { 1 B @ Mier the metastable phenomena is aninevitable Detect m Modify  /gg
temperature is transmitted to the chip | |* S L R T problem. Based on the IDELAY/ODELAY . ¢ | S /
after multistage refrigeration, resouces in FPGA, we proposed a self- Se'f'adjpti"e & | [ Erorflag| /® /

mplifier complete % / ’ L

attenuation and filtering . These [ adaptive method which can detect the meta- i“ = \ J g 3\ -
modulating signals can be obtained by - BiasT stability and calibrate it. 9 | ) / '/(

- : . ‘ | ST wonemy  BUDAC
mixing up the microwave signals g e A cascade chain of up to 8 ns with 2 ° i \ﬁ— E?
generated by the DAC-based arbitrary ODELAYE3 and 2 IDELAYE3 is designed to .\,
waveform generator(AWG) with the G5 auwi realize the delay adjustment of at least two “™%* 17)(13) Micro/// H/Dai_sy i
RF signals provided by the microwave 250M clock cycles. By adjusting the output  yguear o e
sources. Fig 1. The Experiment Equipment of SQC delay of the trigger from master, we can find

In the process of reading, a modulating signal is first input into the resonant cavity a stable region away from the metastability. Fig 5. The Process of Self-adaption
coupled with the qubits. Different states of qubits correspond to the different
amplitudes and phases of the modulating microwave signal on the resonator. The state -
information of qubits can be obtained from the demodulated results of ADC after Test Results and AnaIYSlS
collecting the feedback microwave signal from the resonator. A The Test o f Clock System

The Design Of Synchronizing Trigger System We carry out a comparison test using the original ordinary clock design and the

proposed high-performance clock solution, which is shown in figure 6. The curren design
can bring an improvement of about 15dB in phase noise of DAC output and an
improvement of about 6 dB in phase noise of RF signal in an offset range of 1k to 2ZMHz.

A. The High-profermance Clock System

We design a scalable clock . Aocj L e X i
. . E . -95
tree SYStem 11N Wthh d 10 MHZ 10MHz 250MHz Faneut EIM'D/:C m— 100 | —onginal i 100 _ —— original now
Rubidium clock is deployed as " Buffer i : g T — 105 N\
the root of the clock tree. The o, N " e i
.y : Hz _ . | = Mixer — 5 -
rubidium clock has multiple Generation — . mlll i .
. = DAC [— S 1kHz offset 2MHz 1kHz offset 2MHz
coherent 10MHz outputs, which .. Faneul : —— W
utrrer . L]
is mainly used in three aspects: - | Eo e T . S Fig 6.a Phase Noise Comparision of DAC Output Fig 6.b Phase Noise Comparision of RF Output
the first one is locked to 250 _ . _ +-86H: power - || = Mixer -+ = -
MHz by a clock gengertor clock el B. The Test of Self-adaption h—
HMC7044 and fan outto 56 b VM sourcs | s Power — : R
y 10MHz  SOUree Splitter - We record the probability of metastable phenomena for each =
fan'OUt bUferS HMC7043 t() Power _| . . . 15.00% |
every AWG as the svnchronous W modification of the trigger output delay. The results show that
y y traversing a 4 ns clock cycle needs a modification of about 215 -« ‘
reference clock. Fig 2. The Structure of Clock Tree | |

times, 6 of which are companied by a high probability of " -ecczvcsnsaaizsazizz:
metability.Therefore, there are about 111 ps unstable interval Fig 7 The Probability of Metability
in this system.

The second one is used as the reference clock of microwave source which is used to
generate the 4-8GHz RF signal. Similarly, the RF signal is divided into multiple
channels as the local signal of IQ mixer through the power splitter of multi-level tree
struture. The last one is used as the clock source of ADC acquision board. C. The Test of Synchronization

A synchronization test with 10 AWGs is present in figure 8. »*
Results show that a synchronization of less than 25 psis *.

LEVEL 2 e achieved without addition adelay adjustment.
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/ e~ In this paper, a scable synchronous trigger system is proposed to ensure synchronized

—— operation of qubits in SQC. First, a high-performacne clock system is designed to serve as

Trig_count_I2 a physical structure of the proposed two-level trigger method. This clock scheme can

bring about a phase noise improvement of about 15 dB for AWG output and an

Slave N L Bl s _Sejj;ice\. \ — improvement of about 6 dB for the RF control clock of qubits. Then a scalable master-
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B. The Star-like Trigger Design
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Fig 8 Skew Between 10 AWGs
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| TEEEE slave star-like trigger method is proposed, which can realize the synchronization of

ADC 'sa%e—dﬁn?;dpﬁfte‘fﬁi@ ‘sa%e—dfﬁ;dﬁftei - dozens or hundreds of qubits with the synchronization precision lesson than 25ps.
Finally, an self-adaptive solution is proposed to detect and calibrate the metastability
that ensure the synchronization of multiple AWGs.
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Fig 3. The Timing Diagram of Trigger Mechanism



