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Abstract
SuperLink aims at tackling critical open problems in quantum computing
with superconducting qubits. Superconducting qubits are leading
candidates for scaling to disruptively useful quantum computations.
However, it has become clear that scaling beyond 100 qubits will require
dramatically different architectures. Our goal is to develop fundamentally
new resources to facilitate the scaling up of superconducting quantum
computing while reducing the number of input/output channels with
novel multiplexing approaches. Integrated circuits based on
superconducting single-flux quantum (SFQ) digital logic will be
designed, tested, and then integrated with quantum circuits [1 - 4]. We
propose a hybrid of classical superconducting SFQ electronics, packaged
and linked to quantum devices. Such novel quantum resources developed
by SuperLink will represent a decisive step forward in the realization of
superconducting quantum processors with a truly scalable architecture.
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WP1 deals with scalable SFQ digital circuits to implement high fidelity control 
of multi-qubit quantum arrays [1,2]: design, fabrication and of SFQ drivers [3] 
and SFQ qubit controller chips for multi chip module (MCM) integration. 
Deliverables: 
D2.1 Report on the design and fabrication of the Q chip adapted to the flip-chip 
MCM environment; 
D2.2 Report on 3D integration designs; 
D2.3 Report detailing 2-qubit gate optimized 10-qubit architecture.

WP2 efforts are focussed on the design and fabrication of the quantum (Q) chip, 
thus evaluating different qubit and coupler designs together with their respective
control units. The developed Q chip will be integrated into an optimised MCM 
architecture [2,4].
Deliverables:
D1.1 Full set of coherence-adapted design rules for SFQ circuits;
D1.2 Experimental demonstration of SFQ controller circuit for qubit control;
D1.3 Gate fidelity optimization for a two-qubit gate

The objective of WP3 is to provide quantum measurement, verification and 
benchmarking of the complete MCM packages. We will apply the control and 
optimization techniques to achieve >99.0% fidelity on both single-qubit and two-
qubit gates. Multiplexed readout via travelling wave amplifiers will provide <1% 
error in <100 nsec on the full qubit register.
Deliverables:
D3.1 Report on MCM measurement from all measurement sites;
D3.2 Report on system fidelities (expect >99% for both single and two-qubit gates);
D3.3 Report on full 10 qubit register measurement (with SFQ control and 
multiplexed microwave readout).

Objectives and milestones:
- Design and experimental validation of SFQ control for a qubit array.
- Design and realization of quantum chips and their integration with SFQ

control chips for hardware efficient optimal control.
- SFQ control of 10 qubit register benchmarked.
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WP1: SFQ design and fabrication

WP3: Measurements and benchmarking

WP2: Qubit fabrication and packaging integration with SFQ chips

Fig 1: (a) Cross-section schematic of the multi-chip-module MCM design. Quantum chip
above and control chip below [1, 2]. (b) Schematic of a typical single flux quantum (SFQ)
digital circuit, where (green) quantized pulses move along a superconducting circuit
composed of Josephson junctions (blue crossed squares) [3]. (c) Representation on the
Bloch sphere of a qubit irradiated by a train of SFQ pulses for digital control. (d) Setup
sketch for quantum-noise-limited multiplexed readout of qubits located on the Quantum
Processor Unit (QPU) via a Josephson Traveling Wave Parametric Amplifier (TWPA) in
combination with SFQ digital control.
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)LJXUH �� /HIW� 0XOWL�FKLS�PRGXOH 0&0 ��VW JHQHUDWLRQ�� 5LJKW� &URVV�VHFWLRQ VFKHPDWLF RI WKH
0&0�GHVLJQ��ZLWK�7KURXJK�6LOLFRQ�9LDV��4XDQWXP�FKLS�DERYH�DQG�FRQWURO�FKLS�EHORZ�

7KH KLJK 75/� ORZ HQHUJ\ FRQVXPSWLRQ DQG P. RSHUDWLQJ WHPSHUDWXUH SRWHQWLDO DVVRFLDWHG
ZLWK 6)4 WHFKQRORJ\ PDNH LW D SURPLVLQJ FDQGLGDWH WR UHDOLVH VFDODEOH TXELW DUUD\ FRQWURO
DQG UHDGRXW� 7KLV 6)4 EDVHG 438 FRQWUROOHU LV D WUXO\ LQWHJUDWHG DQG DOO GLJLWDO PHWKRG IRU
FRQWUROOLQJ DQG UHDGLQJ RXW JDWH EDVHG 438V� 4XDQWXP DQG FODVVLFDO FKLSV LQWR D 0&0 ZLOO
EH LQWHJUDWHG E\ XVLQJ VXSHUFRQGXFWLQJ ERQGLQJ WHFKQRORJ\� ,QVWHDG RI DQDORJ PLFURZDYH
ZDYHIRUPV VXSSOLHG IURP URRP�WHPSHUDWXUH HOHFWURQLFV YLD GHGLFDWHG FRD[LDO FDEOHV IRU
HDFK TXELW� WKH 6)4 FRQWURO FKLS ZLOO JHQHUDWH GLJLWDO 6)4 SXOVH SDWWHUQV DQG IOX[ ELDVHV
FRXSOHG WR WKH TXELWV E\ FDSDFLWLYH DQG LQGXFWLYH FRXSOLQJ ZLWKRXW DQ\ H[SOLFLW FDEOHV� 7KH
TXELW PHDVXUHPHQWV ZLOO EH GRQH GLJLWDOO\ XVLQJ 6)4 FLUFXLWV ORFDWHG DW WKH LQWHJUDWHG 6)4
FKLS� 7KHUHIRUH� QR IXUWKHU GLJLWL]DWLRQ LV UHTXLUHG� 7KH VLJQDO GDWD LV WKHQ SURFHVVHG DQG�RU
PXOWLSOH[HG IRU IXUWKHU SURFHVVLQJ DV UHTXLUHG� 7KLV DSSURDFK KDV EHHQ VXFFHVVIXOO\
YDOLGDWHG DW 6HHTF�(8 DQG DFDGHPLF LQVWLWXWLRQV RQ WKH VFDOH RI VLQJOH TXELWV
>2SUHPFDN��@� :H IRUHVHH DQ LWHUDWLYH DSSURDFK WR LQFUHPHQWDOO\ DVVHVV WKH PHWKRGV
QHHGHG�WR�VROYH�WKH�IXQGDPHQWDO�DQG�WHFKQLFDO�FKDOOHQJHV�

��� &RQFHSW�DQG�PHWKRGRORJ\
6FDOHG 6)4 FRQWURO RI TXELWV DQG PXOWLSOH[HG UHDGRXW � 5HFHQW ZRUN >2SUHPFDN��@ KDV
VKRZQ WKDW FRKHUHQW FRQWURO RI TXELW URWDWLRQV FDQ EH LQGXFHG YLD D WUDLQ RI 6)4 SXOVHV� ,Q
WKH VLPSOHVW LPSOHPHQWDWLRQ� TXELWV DUH LUUDGLDWHG E\ DQ 6)4 SXOVH WUDLQ ZLWK SXOVH
LQWHUVSDFLQJ PDWFKHG WR WKH TXELW IUHTXHQF\� :LWK 6)4 SXOVH GXUDWLRQ RI RUGHU RI D IHZ SV�
IDU VKRUWHU WKDQ WKH FKDUDFWHULVWLF TXELW RVFLOODWLRQ SHULRG �H�J� ��� SV IRU D TXELW IUHTXHQF\ RI
� *+]�� WKH HQHUJ\ GHSRVLWHG SHU SXOVH LV TXLWH LQVHQVLWLYH WR WKH GHWDLOHG 6)4 ZDYHIRUP
DQG LV LQVWHDG GHWHUPLQHG RQO\ E\ WKH WLPH LQWHJUDO RI WKH SXOVH� ZKLFK LV SUHFLVHO\ TXDQWL]HG
WR D VLQJOH IOX[ TXDQWXP� :H ILQG WKDW WKH VLQJOH SXOVH FRXSOHV HQHUJ\ WR WKH TXELW RI RUGHU
���� TXDQWD� ,Q EHWZHHQ SXOVHV� WKH TXELW XQGHUJRHV IUHH HYROXWLRQ� )RU D TXELW LQLWLDOO\ LQ LWV
JURXQG VWDWH� WKH UHVRQDQW SXOVH WUDLQ \LHOGV D FRKHUHQW URWDWLRQ LQ WKH []�SODQH �LQ WKH
URWDWLRQ IUDPH RI WKH TXELW EDUH�IUHTXHQF\�� 7KLV ZRUN� DORQJ ZLWK WKH GHYHORSPHQW RI
WKRURXJK XQGHUVWDQGLQJ RI WKH QRLVH VRXUFHV WKDW ZRXOG LPSDFW VXSHUFRQGXFWLQJ TXELWV YLD
FRPSOH[ 6)4 FLUFXLWU\� IRU H[DPSOH TXDVL SDUWLFOHV� UHVXOWHG LQ WKH H[SHULPHQWDO UHDOLVDWLRQ RI
FRKHUHQW PRQROLWKLF 6)4 TXELW FRQWURO >/HRQDUG��@� ,Q WHUPV RI HUURU FRUUHFWLRQ DQG UDSLG
IHHGEDFN� FXUUHQWO\� WKH ODWHQF\ EHWZHHQ WKH URRP WHPSHUDWXUH HOHFWURQLFV DQG WKH TXDQWXP
SURFHVVRU DW WKH ERWWRP RI WKH GLOXWLRQ UHIULJHUDWRU LV RQH RI WKH SUREOHPV WR LPSOHPHQW
HIILFLHQW IHHGEDFN FRQWURO� +DYLQJ WKH FRQWURO FKLS QH[W WR WKH TXDQWXP SURFHVVRU ZRXOG EH DQ
LPSRUWDQW FRQWULEXWLRQ LQ WKLV GLUHFWLRQ� 0&0V ZLOO EH XVHG WR LQWHJUDWH VXSHUFRQGXFWLQJ
TXELWV ZLWK 6)4 WHFKQRORJ\ DQG WKXV WR FUHDWH D KLJKO\ VFDODEOH DUFKLWHFWXUH� 7KH SURSRVHG
DSSURDFK KDV WKH FDSDELOLW\ WR RSHUDWH ZLWK ORZ ODWHQF\� PDNLQJ LW YHU\ VXLWDEOH IRU IDVW
WLPH�WR�VROXWLRQ LQ PRGHUQ YDULDWLRQDO DOJRULWKPV RI WKH 1,64 HUD� 7KH SURMHFW ZLOO SURYLGH D
GUDPDWLF LPSURYHPHQW LQ TXELW FRQWURO� WRWDO IRRWSULQW� FRXSOLQJ DQG UHDGRXW� ,W ZLOO IXUQLVK D
WUXH KDUGZDUH VROXWLRQ IRU VFDOLQJ XS WR ��� TXELWV DQG EH\RQG� 7KH FXUUHQW VWDWH�RI�WKH�DUW
FRKHUHQFH WLPH IRU D VXSHUFRQGXFWLQJ TXELW LQ DQ 0&0 FRQILJXUDWLRQ� UHDG�RXW XVLQJ
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In strong collaboration
with SeeQC company

SuperLink approach Standard approach
Controlling signals 
to qubit

Digital pulse pattern Analog microwave 
waveforms

Clock speed 20-40 GHz 0.2-2 GHz
Power dissipation 
for qubit control

0.0002 mW/qubit 20 mW/qubit (now)
2 mW (potential with 
cryoCMOS)

Heating from cables Limits 1M-100M qubits Limits to 100-150 qubits 
(360 qubits optimistically)

Interference Low High
Cost 100 Euro/qubit up 50 qubit 

processor
<10 Euro/qubit for >50 qubit 
processor

10000 Euro/qubit (linear 
scale)

Workplan

Superconducting quantum-classical linked computing systems


