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! More practical method to make a 
qubit (i.e., a two-state system) is two 
potential wells and one electron

! Electron found in well “L” will be !"!
! Electron found in well “R” will be !#!

! In general, we expect that the 
electron is neither in well L nor in 
well R – it is in quantum 
superposition

! Hence we have both attributes of a 
qubit: two states and superposition

c.f. L c.f. R

B

!

V(x,t)

VB(t)

wL wR

State !"# State !"$

0 1

Detector Detector
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SCHRODINGER FORMALISM
! Complex valued wave-function of an 

electron describes its probability density:

! Time-independent problem:

!
2m

d 2

dx2
+V (x,t)

!
"#

$
%&
! (x) = E '! (x)

c.f. L c.f. R

B

!

V(x,t)

VB(t)

wL wR

State !"# State !"$

!(x,t) = a1e
i
E1
!
t
"! 1(x)+ a2e

i
E2
!
t
"! 2 (x)! Solved to find two lowest energy states E1 and 

E2 and correspondent eigen wave-functions !1
and !2

! Superposition of two states follows 
naturally from the equation:

i!
! "(x,t)

!t
= !
2m

d 2

dx2
+V (x,t)

#
$%

&
'(
"(x,t)
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!(x,t) = a1e
i
E1E1E
!
t
"! 1(x)+ a2e

i
E2E2E
!
t
"! 2 (x)

! Superposition of two states follows 
naturally from the equation:
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SCHRODINGER FORMALISM

c.f. L c.f. R

B

!

V(x,t)

VB(t)

wL wR

State !"# State !"$

How to implement such a 
potential in CMOS?

w(x,t) = !!* =| a1 |2 "! 1
2+ | a2 |2 "! 2

2 +

               a1a2
*e
i
E2#E1
!

$
%&

'
()
t

! 1! 2
* + c.c.
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SIMULATIONS FOR THE CHIP DESIGNED IN UCD

Evaluation of geometry and potential 
function for Schrodinger equation

Piecewise 
approximation and 
analytical solution

Numerical 
simulations with 

no approximations

i!
∂ Ψ(x,t)

∂t
= !
2m

d 2

dx2
+V (x,t)

⎛
⎝⎜

⎞
⎠⎟
Ψ(x,t)Time dependent 

simulations

Ψ(x,t)  and Ê(t)

!
2m

d 2

dx2
+V (x,t)

⎛
⎝⎜

⎞
⎠⎟
ψ (x) = E ψ (x)

ψ (x)
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