
 

Participants o

Title: Dr. 

Name(s): An

Affiliation(s)

The Universi

Introduction

Doping semi

properties of

to dopants al

of spintronic

(1) The progr

(2) The poss

atoms in clas

The progres

More than 10

excellent sys

it was expect

single dopan

research devo

[M. Pierre et 

The recent p

success can b

 Accu

 New

 Exqu

The first poin

The measure

magnetic me

occurred 2 y

single-electro

which makes

demonstrated

donor in sili

quantum info

The readout 

quantum dot

FET. A simil

Nature 430, 4

only: Not for d

2nd Det
Novemb

ndrea Morello

): Centre for Q

ity of New So

n 

iconductors h

f dopant atom

lso have spin,

s or spin-base

ress on harne

sible implicat

ssical transist

ss of selected 

0 years ago, t

stem to encod

ted that the t

nts. In the las

oted to contro

al., Nature N

progress in co

be summarize

urate position

w ideas for the

uisite control

nt has been d

ement of a si

easurement is

years ago, w

on transistor 

s the architec

d fast (~10 

con [A. Mor

ormation, wit

method is ra

ts. Most impo

lar idea has 

435 (2004)]. 

distribution. 

terministic D
ber 12, 2010, 

o 

Quantum Com

outh Wales, S

has the purpo

ms (binding p

, which can b

ed quantum c

essing spins fo

tions of single

ors, and how

 topics over 

the spin of th

de and manip

technological

st 5 years, it 

olling single 

Nanotechnolo

ontrolling sin

ed as: 

ning of single

e electrical de

l of the local e

eveloped exte

ingle dopant 

s sensitive en

when my gro

(SET), tunne

cture very int

s), high-fide

rello et al., N

th a measured

ather general,

ortantly, it m

indeed been 

oping Works
UC Berkeley

Execut

mputation an

Sydney NSW 

se of tailorin

otential, Boh

be used as the

computing. I w

for quantum c

e-spin detecti

this may help

the past five

he electron or 

ulate quantum

progress in 

has become 

dopants for q

ogy 5, 133 (20

ngle-dopant s

e dopants; 

etection of sp

electric and m

ensively and 

spin has long

nough to det

oup proposed

el-coupled to

teresting for 

lity (>90%) s

Nature 467, 6

d excited state

and can be e

may even work

applied to th

shop
y 

tive Sum

nd Communic

W 2052, Austra

ng their electr

hr radius, …) 

e basis for rad

will discuss t

computing; 

ion on the m

lp the design 

e years includ

r the nucleus 

m informatio

the conventio

increasingly 

quantum info

009)]. 

spins has bee

pins, by coupl

magnetic field

will be discu

g been seen 

tect directly s

d an architec

o nearby P do

integration w

single-shot re

687 (2010)]. 

e lifetime up 

extended to S

rk for single 

he detection o

mmary

cation Techno

alia 

rical propertie

are of intere

dically differe

two aspects o

microscopic un

of future sem

ding your res

on single dop

n [B.E. Kane

onal semicon

clear that th

ormation can 

en particularl

ling them to t

ds. 

ussed by other

as the tallest

such a small

cture which 

onors. The SE

with conventi

eadout of the

The spin has

to 6 seconds.

STM-fabricat

dopants stron

of spin reson

ology (CQC2T

es. To this en

st. However, 

ent computing

of spins in dop

nderstanding 

miconductor d

sults 

pant in silicon

e, Nature 393

nductor indus

e opposite ca

have an impa

ly exciting. T

transistor-like

r participants

t hurdle, beca

 magnetic m

exploits a m

ET is essentia

onal control 

e electron spi

s exceptional 

 

ted devices o

ngly coupled 

nance of a ch

T) 

nd, only the c

, the charge c

g paradigms 

pants:  

of the behav

devices. 

n has been id

3, 133 (1998)

stry would he

an be true as

act on classic

The essential

e nanostructu

s. 

ause no know

moment. The 

metal-oxide-s

ally a modifi

electronics. W

in of a single

l properties a

or electrostati

d to the chann

harge trap [M

1

charge-related

carriers bound

in the contex

vior of dopan

dentified as an

]. In addition

elp harnessing

 well, i.e. the

cal electronic

 elements fo

ures; 

wn method o

breakthrough

emiconducto

ied MOSFET

We have now

e implanted P

as a carrier o

ically induced

nel of a smal

M. Xiao et al.

1 

d 

d 

xt 

nt 

n 

n, 

g 

e 

s 

r 

f 

h 

or 

T, 

w 

P 

f 

d 

ll 

., 



 

Participants o

Very recently

excitation, de

a functional 

perform quan

Potential ap

Spin resonan

dopant [see e

the opportun

electric field

hyperfine cou

accurate fiel

scaled-down 

The difficult

For dopant-b

spins, and th

operations g

control, inte

fully-function

will also be i

Experts and

 Sing

Dr. Andrea M

CQC2T, Univ

 Elec

Prof. Martin 

Walter-Schot

 Mod

Prof. Lloyd H

CQC2T, Univ

   

 

 

only: Not for d

2nd Det
Novemb

y we have m

elivered to th

spin qubit i

ntum logic op

pplication opp

nce experime

e.g. H. Huebl

nity to detect 

ds, strain, etc…

upling, which

ld and strain

transistors.  

t challenges 

based quantu

he coherent t

oes well bey

erface qualit

nal, scaled-u

important. 

d expertise w

gle-dopant sp

Morello & Pro

versity of New

ctrically detec

Brandt 

ttky Institut, T

deling of sing

Hollenberg 

versity of Me

distribution. 

terministic D
ber 12, 2010, 

made progress 

he dopant by a

in silicon. Fu

perations, and

portunities, 

ents have lon

l et al., Phys.

single dopan

… As an exa

h is a function

n sensor, and

and potentia

um computing

transport of q

yond what ha

ty and ultra

up quantum c

with reference

in readout an

of. Andrew D

w South Wale

cted donor sp

Technical Un

gle spins as lo

elbourne, Mel

oping Works
UC Berkeley

on the contr

a nanofabrica

uture develop

d the transpor

if possible (W

ng been know

 Rev. Lett. 97

nts or traps in

ample, measu

n of the local

d could be u

al solutions f

g, the greates

quantum info

as been nece

a-small (pos

omputer, the

es 

nd control 

Dzurak 

es, Sydney N

pin resonance

niversity of M

ocal sensors

lbourne VIC 

shop
y 

rol of the spin

ated transmiss

pments will 

rt of spin info

What is the p

wn to provid

7, 166402 (20

n their channe

uring the spin

l electric field

used as a di

for the next 1

st challenges

ormation. Th

essary to suc

ssibly <10 

e availability 

NSW 2025, Au

e 

Munich, Am C

3010, Austra

n state of the

sion line. Thi

focus on the

ormation acro

potential imp

de precious in

006)]. With t

el, thereby ac

n resonance o

d and strain. T

agnostic too

10 – 15 years

s will be in t

he level of co

cceed in dete

nm) lithogra

of high-qual

ustralia. 

Coulombwall 

alia. 

e dopant, by u

is work comp

e controlled 

oss the chip. 

pact on ITRS

nformation o

he miniaturiz

cquiring truly

of a P donor 

The single do

l for the de

s 

the controlled

ontrol and ac

ecting a singl

aphy will b

lity isotopical

3, D-85748 G

using resonan

pletes the dem

coupling of 

S?) 

on the enviro

zation of tran

y local inform

yields the el

opant therefor

sign and dev

d coupling o

ccuracy requ

le spin. Exqu

become esse

ally purified s

Garching, Ge

2

nt microwave

monstration o

two spins to

onment of the

nsistors come

mation on e.g

lectro-nuclea

re becomes an

velopment o

of two dopan

uired by these

uisite proces

ential. For a

silicon wafer

rmany. 

2 

e 

f 

o 

e 

s 

g. 

ar 

n 

f 

nt 

e 

s 

a 

s 


