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UGA researcher’s work makes solid advance toward powerful quantum computers 
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Athens,  Ga.  – An art icle in the August  2004 issue of  Physical Review Letters unveils an
intriguing proposal for performing quantum computation with a solid state circuit  by using
nanomechanical resonators to couple quantum devices made from superconductors.  The art icle,
authored by Andrew Cleland of  the University of  California at  Santa Barbara and University of
Georgia physicist  Michael Geller,  describes their proposal to combine desirable features of  both
atomic systems and solid-state electronics to make a large-scale quantum computer.

A quantum computer,  if  one could be built ,  would transform information technology by providing
vastly increased computational power for certain specialized tasks,  such as searching databases
or breaking codes.  Unlike the transistors in today’s computers,  a quantum computer would be
constructed from building blocks that  obey the counterintuit ive laws of  quantum mechanics,  such
as that  governing an atom or a laser.  Whereas a conventional digital computer processes and
stores information in the form of  bits,  each bit  being a “0” or a “1,”a quantum computer uses
quantum bits,  which can be in a “0” or “1” state or anywhere in between.

“The encryption method used in the f inancial sector and by defense departments around the
world could be compromised by eavesdroppers using quantum computers to factor large
numbers,” explained Geller.  “That’s why governments are racing to build the f irst  machine.” 

Factoring,  which is the process of  decomposing an integer into a product  of  prime numbers,  is
notoriously diff icult  with conventional computers.  “The world record right  now is a number 129
digits long,  and factoring a 1,000 digit  number is estimated to take longer than the age of  the
universe,” said Geller.  “But  a quantum computer could do this in a reasonable amount  of  t ime.”

Despite the tremendous effort  by scientists and engineers,  and support  by governments
worldwide, no one has been able to build a functioning quantum computer.  “The problem is that  it
is hard to control a quantum system, such as an atom,  enough to make it  compute for you,  but
without  disturbing the delicate pattern of  its motion,” continued Geller.  “One is always f ighting
against  Heisenberg’s uncertainty principle.”

In Cleland and Geller’s design,  there are no delicate atoms, but  instead superconducting devices
called Josephson junctions,  which behave like atoms but  which are much larger.  Their design,  in
fact,  looks much like an ordinary microprocessor chip.  “There is great  potential here,” added
Geller,  “to make a truly large-scale quantum computer,  using the very fabrication technology
developed by the semiconductor industry.” A key ingredient  in their design is the use of
nanometer-scale solid-state resonators, much like the quartz crystals in a watch,  to couple the
Josephson junctions together and to allow quantum information to be stored in memory.

According to the art icle,  a nanomechanical resonator has resonances in the right  frequency
range,  about  1 GHz, to couple Josephson junctions effectively,  and also has a high “quality
factor” in that  information is channeled eff iciently and is not  lost  or scrambled.  Cleland has tested
resonators made from disks of  aluminum nitride slightly more than one micrometer wide and
several hundred nanometers thick.  At  low temperatures,  approaching 4.2 Kelvin, these devices
display a sharp resonance and maintain an extremely high quality factor.  

To perform a quantum logic operation,  the quantum state of  a Josephson junction is transferred
to the resonator,  from where it  would then be processed by another junction. Calculations by
Cleland and Geller suggest  that  their nanomechanical resonator can perform basic quantum
computing operations in a few tens of  nanoseconds.  Two junctions can also be prepared in an
entangled state by a resonator,  by allowing a quantum bit  to be “teleported” between the
Josephson junctions,  a form of  quantum communication. “Using this design,  we believe that  we
will be able to build the core of  a small quantum computer,  using mostly exist ing technology,”
explained Geller.



Geller,  a professor in the department  of  physics and astronomy and a member of  the UGA
Nanoscale Science and Engineering Center, also leads a national team of  pre-eminent  physicists
and engineers that  received a $1.46 million NSF grant  this past  May to study the mechanical
properties of  nanoscale solid-state,  biological and integrated nano-bio systems.  UGA is the lead
institution on the grant.  

Top of  Page

Today is Friday, 10-Sep-2004 20:55:41 EDT

UGA Today is produced by the UGA News Service,  a unit  of UGA Public Affairs.  
A205 Stegeman Coliseum • Athens,  GA 30602

Phone 706/542-8083 • Fax 706/542-8020 
Questions, comments and suggestions should be directed to news@uga.edu

UGA Home | External Affairs | Columns | Georgia Magazine 
Publications / UGA Identity Materials | Broadcast and Video | Photographic Services 

UGA Athletics | UGA Events | Visitors Center | Admissions | Directories | Search

  


