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To set a qubit in a superposition state a 
control signal must be directed to the 
desired qubit. This control signal is in the 
form of a microwave field, similar to the 
ones used for mobile phones. 

Each qubit requires its own microwave 
control field delivered to the quantum chip 
through a cable running at a chilly minus 
273°C. Each cable brings heat with it, which 
must be removed before it reaches the 
processor. Heat can introduce errors to qubits. 

Vaccine and drug development, artificial 
intelligence (AI), code decryption and 
climate change will benefit from a full-scale 
quantum computer. But this can’t happen at 
the current level of quantum processing, 
which has fewer than 100 qubits. Significant 
applications will require processors with 
upwards of a million qubits.

Combinatorics 
Quantum computing has the potential of 
dealing with problems current computers 
struggle with, a category of calculation 
called combinatorics — an area of 
mathematics with applications in 
cryptography, probability and finding an 
arrangement of items that optimizes a 
goal. As the number of items grows, so, 
too does the possible arrangements. 

Today’s computers have to crunch through 
each permutation to find, then identify, 
which solution best achieves the goal. 
Quantum computers can perform 
combinatorics calculations quickly.

Quantum computing opens up new 
opportunities in AI, which often involves 
the combinatoric processing of very large 
quantities of data to make better 
predictions and decisions. Cloud 
providers, like AWS, Google Cloud 
Platform, IBM Cloud and Microsoft 
Azure, all have pilot quantum computing 
projects. The challenge is to build 
quantum processors with more qubits.

Recently a research team has taken 
significant steps to solving the problem of 
how to control millions of qubits without 
wiring, which takes up space, uses more 
electricity and generates more heat. Led 
by Dr. Jarryd Pla, from the University of 
New South Wales (UNSW) School of 
Electrical Engineering and 
Telecommunications, they have developed 
a quantum computer chip that can be 
manufactured using mostly standard 
industry processes and components.

Instead of thousands of control wires on 
the same silicon chip that also needs to 
contain millions of qubits, the team 
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looked at generating a magnetic control 
field from above the chip that could 
deliver up to four million qubits 
simultaneously.

The team introduced a crystal prism 
called a dielectric resonator above the 
silicon chip. The dielectric resonator traps 
microwaves for a short period of time, 
resulting in an efficient conversion of 
microwave power into the magnetic field 
that controls the spins of the qubits.

According to the researchers a lot of 
power is not needed to get a strong driving 
field for the qubits, which means not much 
heat is generated. More, the field is uniform 
across the chip, so that millions of qubits 
have the same level of control. The UNSW 
design seems to integrate the millions of 
qubits needed to realize the promise of 
quantum computing on a single chip. 

But there is still work to be done before 
this technology is up to the task of 
controlling a million qubits. The UNSW 
study managed to flip the state of the 
qubits, but not yet produce arbitrary 
superposition states. 

The best guess of industry quantum 
researchers is that at the rate of develop-
ment, don’t expect the arrival of personal 
quantum computers before 2050.  

A  T EC H  TO  WATC H

 T  he rationale for quantum computing is pretty compelling. 
Unlike conventional computers, which store information in 
binary bits that can be either “0” or “1”, quantum computers 

use quantum bits called qubits. These basic building blocks can 
exist in two states, “0” and “1” at the same time. This is because 
quantum physics allows particles to be in different states or places 
simultaneously, referred to as a superposition state.  

Quantum computing 
has the potential of 

dealing with problems 
current computers 

struggle with.


