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1. Dynamic single-electron quantum dots driven by surface acoustic wave (SAW)

<

* Quantized current
 Transfer of electrons in SAWs minima

* Single-electron ping pong
2. Induced system: undoped GaAs/AlGaAs platform

» Lateral PN junctions
» Single-electron pump
* Photonic source

3. Single-photon emission

* Electrons recombining with holes
* Single-photon source
* Spin readout by polarized photon emission
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P. Delsing et al., Journal of Physics D: Applied Physics (2019)

Research on electronics and sensors

*  Confined close to the surface

* Coherently excited & detected with
microwave electronics

e Stored in compact high-quality resonators
over millimeter distances

* Properties can be engineered by choice of
material and heterostructures

Research on quantum devices

* Sound (phonons) replacing light (photons)
and artificial atoms and quasiparticles
taking over the role of natural atoms

* Provide moving potential wells towards
quantum channels for single electrons
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Quantum computing

Bit

* C(lassical computing

Qubit

*  Quantum computing

o @
'@

* Binary system
* Oorl

* N (ex. N=20)

Arbitrarily two-state quantum system
Superposed states of 0 and 1

2N (ex. N=20, 220=1,048,576)
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7 » Electron have a property called spin, whose states are
/i either “up” or “down” (along some axis)
" - origin of permanent magnets
y  Think of the two spin states as “north” and “south” poles
‘X\:;:Lf\_\__d_ﬂ (written |0) and |1))
) * A particle can be in mixture (“superposition”) of these two

states

e This corresponds to a position somewhere on a “Bloch”
sphere:|Q) = a|0) + f|1), where a?is P, and B?is P,

e Control of a and £ is related to “quantum logic gate”

* (Can position the spin on the equator, and rotate it to any
other point on the sphere

e This is called a quantum bit, or “qubit”

2DM Lab: Prof SK. Son
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Quantum logic gate

Bloch Sphere Pauli X Gate Pauli X Gate

gl K1) 6 B 3 Rl EPY B 1 B ) s

2DM Lab: Prof SK. Son



AP
" Energy g ‘ 4 Energy
- ot ‘ ; h
. - L
* Not excited state «  FExcited state
- 4 Energy
V,/-'A/ tg«‘ 4 Energy -~
-
- - P
Oy o
o or
or
*  Superposition of state " |
Y
P e
1 ‘
P i d Ny, S
S v « o«

2DM Lab: Prof SK. Son



(ONA
v-_‘\ {(,4’

11th School of Mesoscopic Physics

OKP
worPo,
I
H
ALjgu®

Electron spin resonance

W Y 4 Energy . (‘ _;,-\
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v VOV

* Electromagnetic wave ¢ When EM wave is set with proper frequency «  Alternate progressively between a
non-excited & excited state

Probability

0 | ! I ! I " ! : I ' | - ' |
100 200 300 400 500 600

Time (ns)
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Type of qubit

Superconducting qubit Ion-trap qubit

(a) ey (b) (c)
P . _ ‘&)R
—_—|0) f [0} —_ )
1 1) 1
State preparation Qubit control State detection
pulse gate
Y. Nakamura ef al., Nature (1999) D. Kielpinski et al., Nature (1992)

Diamond-NV centre based qubit Quantum dot based qubit (spin qubit)

. i_ one polarization step fiee i
[7] “ precession > [7]
" Microwaves interval g
_ = «n-> 2
"= || Hiitize 1 [ detect | 3
532 m -404 v, (my) -400
M.V. Gurudev Dutt et al., Science (2007) J.R. Petta et al., Science (2004)
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Surface acoustic waves (SAWs) —_— —
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Interdigitated transducer for the creation of SAWs

Piezoelectrical material (GaAs)

\'

Resonant frequency, f =

v . SAW velocity

A SAW wave length

Interdigitated transducers 1 um SAW ~ 2.8 GHz on GaAs

* at 2.8 GHz the wave length is 1 pm

* in practice, f=~ 2.7 GHz because of thermal contraction. & mass-loading of the surface caused by the IDT.
* in a piezoelectric material the strain wave is accompanied by a potential wave

* this potential wave can drag electrons along in the 2DEG

2DM Lab: Prof SK. Son
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SAW-driven quantum processor

The idea is to use the spin of the single electrons trapped in SAW potential minima as qubits:

C. H. W. Barnes et al., Physical Review B (2000)

Magnetic split gates: spin manipulation
Tunneling barrier

Coherent quantum state

® © ©® ©

Spin readout gates

* A single electron is trapped in each SAW potential
minimum and is transported through a depleted 1D
channel.

*  High-frequency qubit operations can be made by
patterned surface gates/nanomagnets laid out on the chip.

* A number of identical operations are repeated at the
SAW frequency.

* A scope for quantum information transfer to different
qubit schemes (photon/static quantum dots).

SAW quantum dot to static quantum dot

SAW quantum dot to photon

SiE BG 5! Si6 S D

Y. Chung et al., Physical Review B (2019)

S. Takada et al., Physical Review B (2019)
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AWs on the piezoelectric material surface

WOKPo
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il

L. M. Reindl et al., IEEE 51, 11 (2004) SUTD YouTube D. J. Collins channel (2018)

m E; * Single-electron population & depopulation of an isolated
QD

quantum dot by a SAW has been demonstrated.

Pulsed SAW

‘ * This mechanisms may form the basis of write & read
Lower “Write” mode processes using the electron’s spin or charge as a qubit.
potential

* SAW-driven quantized charge pumping can be

7/~A§VQ'/\/\F controllable using a QD.
Raise “Read” mode
potential

2DM Lab: Prof SK. Son
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etection of single-electron transport

AL

electron

electron

Gate electrode
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Interaction of SAWs with a static quantum dot

a SAW pulse

(a) Mﬂ ;D Tzw A Wp

= —
30 5 Detectory Ji E
] W =
“—Separation g E>
N £ —
(.Dg 20_: Left /f Iu\Righl C) W: population B
1 barrier barrier g E
Plunger = _
] R @320_: R: depopulation I ’
] | L A .
103 / 0 100 200 Time R: depopulation
] (b) Time (s)
J T ' 1 X

Ll T I T I T
-0.68 -0.66 -0.64 -0.62 -0.60 -0.58
Plunger gate bias (V)

* A SAW pulse can be used to populate/depopulate an isolated quantum dot

Population Depopulation .. . . .
e i * A quantum dot is isolated for reservoirs by large barrier potentials.

*  An empty (or occupied) state is set below (or above) the Fermi energy.

* Due to large barrier potentials, the dot stays in this non-equilibrium
charge state for ~ 100 s

*  When a SAW pulse is sent through the dot, the potential modulation of
the barrier of the barrier forces the dot into charge equilibrium,
populating (or depopulating) the dot by one electron.

Plunger gate bias (V) dG,, / dt (uS/s)

*  This method can be used to transfer an electron between a SAW dynamic

0 5 10 0 5 10 .
dot and a gate-defined static dot.

Time (s)

2DM Lab: Prof SK. Son




AONAL &,

rivh)

Interdigitated transducer (IDT)

A
©

11th School of Mesoscopic Physics

‘,;\OKPQ
Ailgdd

Uniform single fingers Split (double) fingers

Finger P — —

. | p——— | e—

e | e—

design | —— | ——
230 - -30
g 40+ 5 40 -
SN 50 4 & -30
SAW n 0 ] r v J
signal -60 -60 7

T I ' |
26 28 26 28
Frequency (GHz) Frequency (GHz)

* Band width is ~ 3 MHz (with 80 pairs of fingers) | * Band width is ~ 80 MHz (with 80 pairs of fingers)

* Serious thermal heating issue

*  Useful for continuous-wave operation « Useful for pulsed-wave operation
Q-factor »  Useful for long pulses (larger than 1 ps)
* Provide a good SAW-current quantisation

Useful for short pulses (less than 500 ns)
Fair SAW-current quantisation
Less thermal heating issue

2DM Lab: Prof SK. Son
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GaAs

10 nm z E(z)

>
<+—— Si-doped layer
<+——— undoped layer
Band bending %‘s‘g\:‘::\:\ttikt\\\
SRR
P Q’”&Q X
V) = — = OORQ
€o

GaAs

lTum

c 2e?
4 h
NE 3 *  Band offset: 2D potential well
I
: U] *  Doping offset from well
R v 1 - - very little scattering
Depth (um) - 2D electron gas (2DEG)
0
e | |
*  We need to confine electrons to make an artificial atom 1.2 1.0 0.8 * Gates on surface deplete 2DEG
*  Starting material is a 2D layer of electrons just below the V, (voltage) - narrow channel between split gates
surface of a GaAs wafer - very flexible technique

*  Put doping (impurities) in a layer away from the 2DEG

2DM Lab: Prof SK. Son
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Quantized SAWs-driven electron transport

,/"/ Reservoir
I 2DEG
Transducers //"

s SAW L AW X —L —~
Bl S ——

» split |+ | >~

YA gates RRINY

B

L B v

B

Ohmic contacts

Schematic diagram of a SAW device consisting of interdigitated electrodes

(+]

SAW
—_—

"

L+]

Potential barrier made by quasi-1D channel

SAW-driven electron pumping process

SAW-driven current (nA)

6

——13dBm
5 —— -60 dBm
4
34
2 -
1W
0
-1 T T T T

26 27 28 29 30 31

SAW frequency (GHz)

—~30
b
= 2.5 | = nef
c
X1 T R 2| gef
3
1T SRS A—— 3ef
()
PN S SR ——" 2ef
2
; 0.5 = e st o o o o o o s ef
<
N oo T T

2.6 25 2.4 -2.3

Split-gate voltage (V)

SAWs-driven single electron transport (dynamic quantum dots)
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Gating- vs SAW-dependent electron transport

Gating SAW

* Loading — Capturing — Unloading process is * Loading — Capturing — Unloading process is
dependent on the gating ( 10 ~ 500 MHz range) dependent on SAW propagation (~ GHz range)

2DM Lab: Prof SK. Son
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Why dynamic quantum dots? Pros & Cons

* Can see DC current with no applied bias

Piezoactive
material

* The steps of quantized current are at multiples of ef:
metrology of current standard

SAW phonon

Acoustic cavity

*  Powerful framework to connect other qubit regimes

Acoustic waveguide * In-flight manipulation (compared to photons)

- enough time manipulate a SAW
Qubit:
- quantum dot
- NV centre

- trapped ion

*  Coupling to optical photons
- can send quantum information over large distance

* Ultrastrong coupling between SAWs & electrons

S
w
(9]
[y

* Applying an oscillating voltage to the IDTs causes a free-
space electromagnetic (EM) wave to propagate 436.0

* Vey sensitive to the surface condition 435.9

» If'the efficiency of piezoelectric material is not good, 435.8

thermal heating issue cannot be avoided.
435.7

Acoustoelectric current (pA)

* Not good enough accuracy (~450 ppm) for requirements of

quantum computing 43>.6 l I | | I
1261945 -2.6194 -2.61935 -2.6193 -2.61925

Split-gate voltage (V)




% 11th School of Mesoscopic Physics

Transfer of quantum information

Left-hand plunger Right-hand plunger

Quantum dot
(Detector) Left-hand barrier Central gate Right-hand barrier
Quantum Point Contact /
(QPC) .
SAW(L) SAW(R)
SR NI
) Separation
Quantum Bus 1 mm g5is
" f W
% Left-hand detector Right-hand detector

R. P. G. McNeil et al. Nature (2011)

QPC current
* A quantum computer will need to be able to move qubits to entangle
adjacent ones or to store and retrieve qubits: quantum repeater

* Transfer spin qubits from static dots to “flying” qubits: SAW-driven
qubits, photon qubits

P. Delsing et al., J. Phys. D. Phys (2019) » The devices designed to transfer single electrons over long distances

(4 pm) back and forth between static dots:

Single electron control by SAWs - can play with a given electron for e.g. 10 minutes
- spin transport and coherence still remain to be demonstrated....

2DM Lab: Prof SK. Son
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Single-electron ping pong

Left-hand plunger
Left-hand barrier

Right-hand plunger

Central gate

SAW(L)

i L-Q-Qlf*"/_'__P'__%RD TN

E 1 Separation
rRn gate
y T ! !
% Left-hand detector Right-hand detector

R. P. G. McNeil et al. Nature (2011)

Right-hand barrier

S

Surface gates
£ defining pattern

Dot 2

Fire a SAW pule (100 ns)
Left - \‘a

2.7 M B g I
7 W Depopﬂ"w Lj'” L"J LL b b .
; 263 Ln w 1e
§ A Right B X e ko "C st t *
& 24 L)&“W R m ™ m:w : e
Q Pop. ﬁJ ‘N WM ; RGD

20 wow MW ! / \

0123 : -_-\y\'\ —‘r\

Time (s) Device B Electron shifts as RQD adjusted for return

Detect electron population and depopulation:
can transfer 60 times (0.25 mm!)

SAW-driven single-electron transfer

2DM Lab: Prof SK. Son
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SAW quantum computation

a IDT SAW Single-electron circuit

2DEG GaAs

* Rail length is 22 pm

Electron in source QD Upper QR: U

P (%)
(€]

o

—1um -0.2 -0.1 0.0 0.1 0.2 0.7 0.8 09
v, & Lower QR: L A=V -V (V) Vi (V)
Empty state *  Couple the two channels to partition an electron

*  Coupling is to prepare a superposition state of electron qubit

*  The total efficiency is ~ 99.5 %

*  The observed probability transition follows Fermi-Dirac
distribution, Py (A) = 1/(exp(—A/c) + 1): can be described
in terms of single-particle energy state.

A, arc (nA)

a 250 500 750 1k 0 100 200
Single-shot index Counts

One-electron state

*  Error rate of loading is ~ 0.07 %
*  Error rate of catching is ~ 0.18 %
*  Transfer efficiency along 20 pm is ~ 99.75 %

S. Takada et al., Nature Communications (2019)

2DM Lab: Prof SK. Son
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SAW quantum computation

Time t (ps)
0 200 400 600 800 1000

- 19% Amplitude
= 50 of SAW:
w 28 17 meV

_ |¥| (a.u.)

> 0.00.51.0

| — |
~J ] [ T-
. 02— _ 0.2
E — N B —_
3 00f > S — 10.0
> -0.2 —— T 102
11 |
-1.5 -1.0 -0.5 0.0 0.5 1.0 15 Y|
X (um)

- 19% Amplitude
= 50 of SAW:
w 28 45 meV

_ |¥| (a.u.)

> 0.0051.0

 — |
~I'] [ T-
. 02f— - 0.2
E — - B —_
3 00f S — 0.0
| — '—_\::’-__:-f——-f_,_
> o2l — — -0.2
11 |
-1.5 -1.0 -0.5 0.0 0.5 1.0 15 Y|
X (um)

S. Takada et al., Nature Communications (2019)
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Conclusions: SAW part

Dynamic dots are interesting objects with applications in

quantum computing
- generate with a SAW in a long channel

SAWSs can transfer an electron back and forth between

two quantum dots
- couple qubits, transfer to/from quantum memory?

- electron “ping pong”
- next step: polarize spin and read it optically

Single electron in a moving quantum dot can oscillate coherently
- non-adiabatic transition in channel excites electron into combination of ground and first excited

states, producing coherent oscillations t persist for more than 500 ps

SAWs can transfer an electron back and forth between two quantum dots

- couple qubits, transfer to/from quantum memory?

- electron “ping pong”
- next step: polarize spin and read it optically

2DM Lab: Prof SK. Son
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2. Induced system: undoped GaAs/AlGaAs platform

» Lateral PN junctions
» Single-electron pump
* Photonic source

2DM Lab: Prof SK. Son
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Why single photon?

A classical coherent pulse of light Single-photon source

: n

g> 1)
1 " 1
) > ) >
* Two independent (non-correlated) beams * A quantum superposition of the photon existing

* (Can be used to encode quantum information in various ways
* Can be transported over long distances without loss of coherence

* Feature strong quantum correlations for entanglement (can be used in quantum information
processing protocols)

2DM Lab: Prof SK. Son
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Possible single-photon source

Ohmic I=ef Ohmic
contact contact
SAW

-
’ N
[ ) i
Sl

Split gates

intrinsic p-type

Schematic picture of the SAW-driven single-photon device

Bridging gate Bridging gate , n-type p-type
I_ -—| E Conduction band L E
Insulator @ ®
---------------- [ Conduction band
AlGaAs 2DEG
----------- With a positive voltage 2DHG With ti It
A ith a negative voltage
2DEG GaAs 2DHG Valence band A
A
n-type p-type
. . Valence band [
ohmic AlGaAs ohmic "€ %
Surface Back of Device Surface Back of Device

Schematic diagram the induced devices
2DM Lab: Prof SK. Son
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Etched mesa

revious SAW-driven single-photon source

Intensity (arb)

Transducer

n-type ohmics

p-n junction

1.0

0.8+

0.64

0.4

0.24

0.0+
a5

805
Wavelength (nm)

800

J.R. Gell et al. Appl. Phys. Lett (2011)

Demonstrated electroluminescence
No single-photon evidence
Difficult of making p-type ohmics

p-type ohmics

Transducer

PMMA

Quantum well

— 5!71-'—1-_ e S ——
=y 10T Power [dBm};
£ 4t 45 J
5 z, L ——16 1
5 4T —14 1
[4] o

—_13 i
5 4 12 ‘.;-1"
= Bk ]

2015 3018 3021

F Frequency (GHz)
E42F ' y T ™)
=
£ nsl |
o |
(i)
z 0o : . . -
o 0.4 0.2 0.0 0.2

Conatriction bias (V)

G. De Simoni et al. Appl. Phys. Lett (2009)

Demonstrated electroluminescence
No single-photon evidence
Leakage current issue

Current (nA)

" n NS !,l!y/(” B

3 )
N :3 $381
i T Ligl! ]
- y -
2 N\ A,
1=\

204

-
o
1

-
o
1

—— 14dBm
= 12dBm
—— 10dBm
~—— @dBm ]
—— GdBm
— 4dBm
— 2dBm
— (OdBm
— H0dEm—]

=
n
I

0.0~

T T T T T T T T T T
04 03 02 -04 00 01 02 03 04 05 08 07
Side gate voltage (V)

Demonstrated acoustoelectric current
No single-photon evidence
Improved yield of device
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Comparison of two heterostructures

1
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Intentional doping system

Induced system (fully undoped system)

GaAs &
Ium

E(z) T

undoped layer

Si-doped layer

Depth (um)

* intentional impurities (dopants) + background impurities
* unipolar type (only n-type or p-type is available)

 carrier density is fixed

GaAs 4
Ipum
E(z) T
A\ fully undoped layer (a dopant free system)

l ________ Ec

/' Y ' _________________=- E
_eV E ------------------------ :;-J-—nﬂ'-_u_u_-'::::: --------------------------------------------------- f
Z Y '—I ZDEG S
Depth (um)

only background impurities (removal of ionized dopant)
ambipolar type is available by means of electric field

carrier density can be controlled

2DM Lab: Prof SK. Son
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Band bending
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GaAs 4
Tpm * The potential energy is pulled from the surface

T * The conduction band of the QW would be dragged
A\ fully undoped layer (a dopant free system)

*  Pull the QW enough to the Fermi energy

| +  Start to fill with charge
n: e —=——
-eV "E ................... ;.];;}.E.énn ................................................................... . The addltlon Of Charge tO the QW causes the
‘B > bending of the CB
Depth (um)
0.10
szp — _P
EE
0.051
d ¢ Solve the one-dimensional Poisson & Schrodinger
L

0.00- equations self-consistently

* The CB and VB of the device are symmetric about
the Fermi energy

-0.05 T T
4800 5200 5600 6000

Depth (A)

2DM Lab: Prof SK. Son
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* Matthiessen's Rule: at low temperature the scattering rates given by each individual component can simply be added !

The relaxation time, /Z/ +—+—+4+ / /?Z
I 714

Tp: due to doping, T5: due to background impurities, 7;: due to interface roughness

T4: due to alloy scattering, Tp: due to phonon scattering

10! 106
Background A=15nm
o Doping o~ 1007 A=0.15 nm
S =z 100 A=20 nm
> > Ng=1.25-10'4 cm3
E 101- E  10° A
o (@]
S 107 s= 80 nm S 10?2 A
=1 Np=1-10'2 cm™ 3 40t
Np=1.25-10"% cm?
103 . . 10° . .
101 100 10! 101 100 10!
N,p (101 cm-2) N,p (10%° cm-2)
* The limitation to mobility at low carrier density is seen * Interface roughness parameter is not of high priority.
to be completely dominated by the doping.
* Becomes more pronounced at higher densities:
¢ From a purely mobility viewpoint, strong motivation for extremely important factor when aiming for the
removing intentional dopant from the system. highest mobilities.

2DM Lab: Prof SK. Son
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Minimization of interface roughness

A2460
No Superlattice NP |
1T622 (A2460)
1] @ ( @ ) Experimental Data
2 ==--=-)
.s
= 3 |— (==--=-) Interface Roughness ~
: 10° - [ 1 Theoretical Boltzmann Scattering T ==t
& ——— (------) 2D Percolation Theory &= (n-n)*"
a 1 T=14K i-—o'fdi I
g T622 _ ’ g aY I
= 1um Superlattice T 0
= =
-5} M
2 e
= 2
A =2
g 1 o .
10 5 i =
-ED ° £ chhcltky(V] P
- : i ’:' . ._E- & S L
e T822 : 1 5 ; g 2 >
: 2.5um Superlattice ' I/ S 3 ) 104 =_ 09’ i
- h & oy [l
s . o Lo T622
£ wig | B e b 0 . — L
% X . T T T 1 T T
i} 1
10 n(10°/cm’) 10

» Superlattices, repeats of very thin GaAs/AlGaAs layers, are thought to prevent defects in the substrate from
propagating towards the surface, thus decreasing the interface roughness.

* The mobility falls rapidly because of breakdown of the basic assumptions (electrons can be treated as
traveling through a metallic regime): inhomogeneous potential distribution through out the 2D region.

2DM Lab: Prof SK. Son
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Realization of the induced device

Insulated-
Ohmic metal gate Vine

A contact (OC) (IMG) I

E(z) Polyimide

CB with no bias GaAs
AlGaAs
Pulled CB Insulated-metal
eV - E; L gate (IMG)
Y " Induced
Induced 2DEG
2DEG VB with no bias Ohmic v Vv v
contact (OC) IMG___SG MG
0 R
Pulled VB P IMG IM
o 8 Polyimide ~ _||| ;l(-; G |||_
© >
= 3 AlGaAs
® 5
n f, GaAs
2 % 2 8 Induced AlGaAs
O)
D s S Surface 2DEG
(x)|<D < (O]
< gate (SG) Induced

2DEG
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Realization of the induced device

—~
L)
N—"

(C) Insulated-metal

wafer surface AFM results
GaAs 7}
(0]
[}
C
0 pm g
=}
———————— o
c
o
etched pit 25um’ 25 um o
b contact AuGeNi slug
( ) (d) Insulated-mefal (f)
. AFM results
polyimide layer c/’;
o
o
C
©
Oum §
2
ohmic etched pit S
contact  — 25 um’ 25 um
contact Layered
s Ni/Au/Ge/Ni/Au

100Q <
“ £
75QEEL | g
500 2
()

(@)]

250 g
(]

(0]

-

0 ; - ; - 0
o 1 2 3 4 5
Insulated-metal gate voltage (V)

100 o 200
' i

75 150 &
oL o

500 100 B
>

250 150 O
®

- (O]

0 o -

0 1 2 3 4 5
Insulated-metal gate voltage (V)
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Realization of the induced device
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Band structures of the induced system

4 . 4 : 4 T 4 T
= = = =
S
T4 41 44 41
w
8 8 8 8
_12 T T T T _12 T T T T _12 T T T T _12 T T T T
0 4000 8000 12000 16000 0 4000 8000 12000 16000 0 4000 8000 12000 16000 0 4000 8000 12000 16000
Depth (A) Depth (A) Depth (A) Depth (A)
(a) (b) (c) (d)
12 T T T 12 T T T T 12 T T T T 12 T T
8 8 8 8

- : , : , - : , : , -4 : , : , -4 : , , ,
0 4000 8000 12000 16000 0 4000 8000 12000 16000 0 4000 8000 12000 16000 0 4000 8000 12000 16000
Depth (A) Depth (A) Depth (R) Depth (A)

(e) (f) (9) (h)

1D-Poisson and Schrodinger equations calculated self-consistently
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Band structures of the induced system
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1D-Poisson and Schrodinger equations calculated self-consistently
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Need for confinement of electrons

TQW (no back barrier) 90 nm QW 60 nm QW 30 nm QW
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* The aim of this device is making a p-n junction with undoped system for generation of single photons.

1D-Poisson and Schrodinger equations calculated self-consistently

* Electrons in an n-type region need to be transported in to a p-type region by SAWs.

* A negative voltage in the p-type region, leading to a negative potential slope: need for narrow QW to confine electrons.
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3. Single-photon emission

* Electrons recombining with holes
* Single-photon source
* Spin readout by polarized photon emission

2DM Lab: Prof SK. Son



<ONAL &,

11th School of Mesoscopic Physics

ﬁ
n-type induced system
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SAW-driven electron transport
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n-type & p-type induced system
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SAW-driven electron transport
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n-type & p-type induced system
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Electron-to-photon qubit conversion
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Electrical and optical properties: electron-to-photon (spin-to-polarization) qubit conversion
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Real single-photon process

Thank you for your attention
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Conversion between photon and electron qubits

Photon polarization Electron spin
(Poincaré sphere) (Bloch sphere)

* Convert electron’s spin to circular polarization of a
photon

- absence of the hole is information that decoheres rapidly

- so cannot convert a spin qubit (superposition) to photon
polarization qubit coherently

* Kosaka showed that can arrange to have all holes in

state | _)> — (| T) + | l)) / \/E Heavy-hole exciton Light-hole exciton
‘Electron Electron Zeeman split | g.uB
- any electron in a|T) + B|{) can recombine with such a —— —9— —oi— 76—
hole, photon will maintain the superposition as a|o ™) + B|o ™) S 3 A
% i % Photon’bandwidth Aoy,
- g=0 for electrons (15 nm Al0.14Ga0.86As QW) 5 5 B , _ﬁi N
‘Hole. ;
- use the light (not heavy) holes (large enough g) el
Entangle Separable
Me®¥)n+Ve®Mn QT>e+|l>e)®|+x>h

H. Kosaka, J. APPL. Phys. 109, 102414 (2011), Nature 457, 702 (2009), PRL 100, 096602 (2008)
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