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Trapped ions are among the most mature hardware platforms for the construction of practical 

quantum computers. Most disruptive quantum computing applications require quantum error 

correction with machines operating in the fault-tolerant operating modus, therefore requiring 

hundred thousands or millions of qubits. While prototype trapped ion quantum computers have 

already been built featuring world-leading fidelities and decoherence times, the next challenge 

is to develop techniques capable of supporting operation with a large number of qubits [1]. By 

inventing a new method [2] where voltages applied to a quantum computer microchip are used 

to execute quantum gates, making use of global microwave fields, we have removed a critical 

barrier to build a large-scale quantum computer using trapped ions, namely having to precisely 

align thousands or millions of lasers to execute quantum gates with such a machine. One highly 

successful approach in trapped ion quantum computing consists of arrays of electrodes 

fabricated on a microchip, enabling the execution of quantum algorithms via a sequence of 

quantum gate and ion transport operations within a single microchip. This is known as the 

QCCD architecture. In order to be able to build machines with sufficiently many qubits, a 

quantum computer needs to be modular as each module can only hold a limited number of 

quantum bits. One approach features modules that are connected via optical fibres, enabling 

heralded distributed entanglement between quantum computing modules. However, 

connection speeds between modules along with relevant fidelities remain constrained by 

technical limitations to values too small for practical quantum computer operation. We have 

invented an alternative method where modules are connected via electric fields, allowing ions 

to be transported from one module to another giving rise to much faster connection speeds [1]. 

Here, we report the demonstration of a quantum matter-link [3] in which ion qubits are 

transferred between adjacent quantum computer modules. Ion transport between modules is 

realised at a rate of 2424 s−1 and with an infidelity associated with ion loss during transport 

below 7 × 10−8. Furthermore, we show that the link does not measurably impact the phase 

coherence of the qubit. The demonstration of a quantum matter-link constitutes a practical 

mechanism for the interconnection of QCCD devices. Our work will facilitate the 

implementation of modular QCs capable of fault-tolerant utility-scale quantum computation. 
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