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Overview

Conceptual diagram of the quantum transmitter/receiver and IPU
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From Yablonovitch et al.
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Receiver Design – Selection Rule

• E-h transitions for both electron 
spin states should be within the 
photon bandwidth. => small gC

• Only a single hole state should be 
involved. =>  

• Both electron spin states should 
couple to a single lowest-energy 
hole state. => proper selection 
rules

• Eg ~ 1.3 – 1.55 µm
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• HH not possible
• Unbalanced  

conversion strength 
to |1> & |0>

•
• Balanced conversion

0≅⊥HH,g

From Vrijen & Yablonovitch

photonHg Γ>>BµB

Desired conditions

=> LH should be the lowest with |gLH| >> | gC| (strained QW)
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Receiver Design – g Factor Calculation
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Receiver Design – g Factor Calculation

In-plane LH g factor  

expimpLH, ggg +=⊥
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Strain  
In-plane conduction electron g factor  
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Receiver Design – Bulk In1-xGaxAsyP1-y Properties

0.60

0.80

0.95

1.1
1.3

1.5

1.71.2 1.3

1.4

0.2 0.4 0.6 0.8

0.2

0.4

0.6

0.8

x=0.47

 

 

GaP

GaAsInAs

InP

y 
(A

s 
co

nt
en

t)

x (Ga content)

-10 -5.0

-2.0
-1.0

0.0

0.5

1.0 1.5

0.2 0.4 0.6 0.8

0.2

0.4

0.6

0.8

x=0.47 

 

GaP

GaAsInAs

InP

y 
(A

s 
co

nt
en

t)

x (Ga content)

light
hole

light
hole

heavy
hole

Band gap Electron g factor



NC STATE
UNIVERSITYDARPA kwk@eos.ncsu.edu

Receiver Design – In1-xGaxAs/InP QW
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Electron g factor LH g factor

=> 43Å In0.38Ga0.62As/InP QW

•Negligible in-plane electron g factor
•Large in-plane light hole g factor
•Principal transition Eel-Elh=1.075eV, very moderate strain εxx=1%

0≅⊥c,g
8.3LH, −≅⊥g
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Single Spin Detector – Two Interacting Electrons in a QD

• half-width of prob. density
• ET - ES~10meV with l0~10nm

( ) ;/ 2/1*
0 ωml h=

=> Large enough for detection

l0 (Å)

In0.53Ga0.47As

Toy model  Triplet-singlet splitting  
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• Two interacting 2D electrons in 
a quadratic confining potential
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⇒ Calculate the eigenstates through 
numerical diagonalization.

(from PRB47, 2244, 1993) What happens when B is in-plane?
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