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Fig. 1 The probability of metastability Fig. 2 The synchronization skew between 10 AWGs
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Fig. 3 Phase Noise Comparisioin of DAC output Fig. 4 Phase Noise Comparisioin of RF

1. The unstable region is about 90 ps

2. The synchronization skew is no more than 25 ps

3. Phase noise improvement on DAC output is about 15 dB
4. Phase noise imporvement on RF signal is about 6 dB
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AbSstract—superconducting guantum computing (SOC) tn solve some specific
proflems which are deeply helieved ra be intractable for classical computers,
Synchranizing teigger 15 essential for SO0 where the contral and measurement of
gubits can't go on without the syachronous operation of digital w analog converter
array and the controlled sampling of analog va digital convertor. In this paper, a
scalakle self-adaptive synchrancus triggering system is proposed to snsure
synchronized operation amang different quhits of SOC.

Introduction

As a distributed data converters array, superconducting quantum computing needs
1o salve the problens of waous speration of maliiple gubits, Meanwlile, becase
the state of qubit i very sensitive to its microwave control signal, the signal must be
and cartridlable, thit i sy, the | e naise should be as small as posible

Based on the Field Programmable Gale
Acray(FPGA] in self-developed AWG, we design
a two-level trigger generation gateware
elabarately that can support the qubit reset, It
|5 a star-like structure hased an the master.
slave model, in whicl one of the AW 550t as
taster device and the cthere are slaves, When
master receives o ‘run’ instruction from
camtred-camputer, it autpats 2 series of triggers
with configurable caunts and intervals(figure
3). These triggers are fanned out inko
multiplewed synchronous trigners to esch AWG
through the Fan-out cnodube show i in fgure 4.

Thee first trigger in level 1instructs that the ADC resds the initial state of gubit and
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Feeds it back to AW At the second trigeer moment in level 1, the AWG degides whether
to emit a pi pulse For qubit reset based on the state af qubit. Thes s 2 complete operaticn
with a quhit reset. Level 25 the repesition of speration in level 1.

Control and Measurement System of SQC

A quantum pracessor chip made

from superconducting qubis works at
an ambient temperature below 10mk
provided by dilution refrigerator. The
modulating signal Fram raom
temperature is transmitted to the chip
after mulristage refrigeratinn,
atrenuation and flirering . These
mdulating signals can be ohrained by
mixing up the microwave signals
genecated by the DAC-bassd arbitracy
waveform generator [AWG] with the
RF signals provided by the micrawave
SOUTTEE

I the process of reading, o modulating signal is Frst input inta the resanant cavity
cpupled with the qubits. Different states af qubits correspand ta the different
amplimades and phases of the modulating microwave signal an the resanaton. The sate
Informathan of qublts can be obtained from the demcdulated results of ARU after
colbecting the feedback microwave signal from the resonator,

The Design of Synchronizing Trigger System

A. The High-profermance Clock System

We design a scalable elock
tree system in which a 18 Mz

T
Rubidium clock is deployed a5 1

the root of the clock tree. The

rubidivm clock has multiple —h
coberent 10MHz outputs, which -
it mavinly weed in three aspects: PR
the first ane is locked to 250 v
MHz by a clock gengertor e

HMET 044 and fan out to 56 by
fan-out bufers HMCTO43 to
wvery AWG as the synchronous
reference click. Elp 2 The Structure of Cinck Tree

The second one 15 used as the reference chack of microwave sawrce which 15 used o
generate the 4-8GHz RF signal. Similarly, the RF signal s divided into miltiple
channels as the local signal of 19 mixer through the power spliver of multi-level tree
aruture. The [ast one is used as the clodk sourcs of ADC acguision board.
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B. The Stur-like Trigger Design

e

AL L g
Tt T
- 1 [ ...
Y T et
T

g 3 Tha Thmirg Dlagrsm af Trigger Mechanizm

. The Self-adaptive Design

S

Under the master-slave trigger mechanism, )
the metastable phenpmena is aninevitable o

problem. Based an the 1DELAY /ODELAY
resouces in FPGA, we praposed a self-
adaptive method which can detect the meta-
stability and calibrate ir.

A cascade chain of up to 8 ng with 2
DODELAYES and 2 IDELAYES is designed 10
readize the delay adjustment of ab l=ast two ™7
250M eluck cyeles. By mljusting the nutput
delay af the trigger fram master, we can find
a stable region away from the metastability Fig 5 “The Provess of Self-ndrgtion

Test Results and Analysis

A. The Test of Clock System

We carcy out a camparison test using the ariginal ardinary clock design and the
praposed high-perfarmance clock solution, which is shawn in Agure &, The curren design
cam hring an impravement of ahout 1548 in phase nolse of DAC outpur and an
Inmprovensent of absut 6 8 in phase podse of RF sipnal in an oftser range of 1kt 2MEHz
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B. The Test of Self-adaption o

We recerd the probability of metastable phenomena for each
neoddification of Use Ligger outpul delay, The results show sl
traversing a4 ns clock cpele nesds a modification of about 215
times, & of which are companied by a high probability of

metability. Therefore, there are ahout 111 ps unstable Interval g 7 Tha Probabiiiny of Markilin

In this sestem.
. The Test of Synchronization

A synchronizarion rese with 10 AWGE is present in figure 8.
Results show thal  synchronization of less than 25 ps is
actiieved withaut sddition adelay adjustment, Fig Sk Hotween 10 AWTGs
Conclusion

In this paper. a scable syncheoncus trigger system is propesed to ensure symchron zed
aporation of qubits in SQC. Firsy, a high-performame clock system is designed o serve as
a phyzical structare of the propozed twe-level trigper method. This clock scheme can
bring abuut a phase noise improvement of about 15 JE for AWG output and an
improvement of abaut & dB fur the RF contral clock of qubits. Then a scalable master-
slave star-like trigger methodd is proposed, which can realize the synchronizatian af
dozens or hundreds of qubits with the synchrenization preciston lesson than 25ps,
Finally, an self-adaptive solution is proposed to detect and calibrate the metastabilicy
that engure the synchranization of multiple AWGs,
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