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Introduction

» Extractions of high-speed performance from superconducting digital circuits t
temperature essentially require multi-chip module (MCM) using flip-chip confi

» Many efforts have been devoted to develop the superconducting MCM technolo
nearly 30 years in Japan.

» Recently, the flip-chip configurations enter the spotlight in superconducting quant
computing. Because it is required that qubits have to be separated from noise sou
far as possible, the flip-chip configurations are convenient to separate qubits from
peripheral components.

» This presentation will show Japanese activities regarding superconducting MCM using
flip-chip-configurations.

» Digital circuits

» Quantum devices
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Low-frequency test of flip-chip config
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K. E. Yokoyama, G. Akerling, A. D. Smith, and M. Wire,
IEEE Trans. Appl. Superconductivity, 1997, pp. 2631-2634.
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Schematic and microphotograph of SFQ chip-to-chip circuit
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High-frequency test of flip-chip configu
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Cross-section of 50 umé SFQ pulse transfer through flip-chip configuration was confirmed up to 117 Gbps.

flip-chipped sample Error rate measurement
-Junction voltage was checked every 500 ms while circuit operated at 117 Gbps
-No error was detected for 8 hours

— Error rate < 10°1°> at 117 Gbps

Schematic diagram of SFQ pulse transfer experiments
through flip-chip configuration
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Optical input demonstration
2011

FIush -type ADC chip

ISTEC

Implementation at cryocooler system with UTC-PD

UTC-PD module

Demonstra
waveform

UTC-PD output
. sy — (Coaxial cable)
i Optical input

(Optical fiber) ,, M_\\\ ML

llllll\l

=

H\\\mc

IJ)H)‘

Previous probe type
arrangement

8-terminal

coaxial
connector

34 mm

Cryocooler 4K stage

H. Suzuki, M. Oikawa, K. Nishii, K. Ishihara,
IEEE Trans. Appl. Superconductivity, 201



IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), September 2019.
Invited presentation 2-DI-I-1 given at ISEC, 28 July-1 August 2019, Riverside, USA.

Application of flip-chip to an analo

AIST  Pulse driven Josephson junction array for AC voltage standard 2010

Area of 1] array chip was significantly reduced by separ
high frequency I/Os on an interposer.
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Towards large scale quantum annec
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+ 1 million qubits require 16 chip¥
« 62,500 qubits / 20 x 20 mm chip
* 1 qubit : 6400 pm2/bit
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Superconducting connections are essential
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Superconducting bump fabrication
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Summary

» Developments of superconducting MCM in Japan started at early 90’s.

High speed characteristics of SFQ circuits were effectively brought out from SF
room temperature by the MCMs and a few systems demonstrated their perform

» AIST succeeded to make flip-chip superconducting connections at 15000 bumps.
MCM technologies become increasingly important for guantum computers.

» The MCM using flip-chip configurations is one of the key technologies to realiz
superconducting systems in future electrical field.
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