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Introduction

EDSR
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Single-qubit rotations + CNOT gate

mm) Universal set of gates

swap-gate
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interdot spin exchange

T/SWAP mmm)p entanglement

back gates magnetized or heterostructure
high-g layer quantum well



Electron spin resonance (ESR)
(Single-spin rotation)

Bloch Equation '
(S) = (S) x (wz )

wyz = gupB/h dw(t) = gpup By cos(wt)/h

Spin precesses around axis defined by the
direction of B,

Add external oscillating magnetic field B, (t) =
perpendicular to B,

(S) = (S) x [wz ~we. + WTBémem}

wr = gup|B;|/h




Electric control of spins (EDSR)

Producing strong oscillating magnetic fields is very challenging

‘ Electric control of spins is highly desirable

However, electric fields couple to the charge

s> indirect coupling to the spin

-@tic field gr@ B(t)

- Spatially varying g tensor

- Spin-orbit coupling E(t)



Interdot exchange interaction

U U
t, U: Coulomb energy
— — _ ,
t,: interdot tunneling
controlled by central gate
RO L R

H.(t) = J(1)SL - Sk
J(t) o t5(t)/U

€

U(t) — e_i/hf(f J(t')dt'SL-Skr

L Jo: energy splitting between
‘ U(rs) = SWAP So(l,l)and T,(1,1)




Experimental Setup
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Single-qubit rotations

J, finite vanishing J, J, finite
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Single-qubit rotations

By=2T, Byq=1.985T, f, =11.1 GHz
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m—— P=-17 dBm

Tepsr (HS)

Rabi Oscillations

averaged QPC signal is proportional to
probability of having antiparallel spins




Two-Qubit Gate
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Two-Qubit Gate

e SWAP"="2% s |ohy) = T (1, 1)
e mm) currentis blocked

= _ 1,
B0~ ] swaprtas ) - 5— V2iS(1,1)

() mm) current flows \
i R do not contribute to
: [\\, 5 [e=27.7hue the current flow
N\ s
1“* :;
Readout is a direct
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\t entanglement
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Entanglement Control
C(p) = max(0,\; — Xy — A3 — \g) |

VVervp p=(oy ®oy)p(oy ®ay)
C=0: uncorrelated

C=1: maximally entangled

A= aEz/JO a = J()Tex/z

o | sinv/1 + AZq|

1+ A2 X J(l T Az)cosz\/l + A?a + A%sin?V1 + Ao

Control of degree of entanglement with t_,




Conclusions

All-electrical controlled two-qubit gate

|—> Single spin rotation + interdot spin exchange

Control of entanglement through operation time t

Important step in the realization of a quantum computer

Thank you for your attention |



