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V7 Barrier Penetration: Tunneling
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Examples of tunneling

Example 1: Field emission of electrons

Particle beam



Example 2: Scanning Tunneling Microscope (STM)



Example 2: Scanning Tunneling Microscope (STM)



Example 3: Tunneling Junctions



• Upper quantum well (labelled "top QW") and the lower quantum well 
("bottom QW"), are made of gallium arsenide (thicknesses of <2 µµµµm)

• Adjusting the voltage allows the electrons in the top QW to "tunnel 
through" an ordinarily insurmountable barrier (made of aluminum 
gallium arsenide to the bottom QW.

• Tunneling occurs when the top QW and bottom QW accept electrons 
with the same energy states.

Example 4: Tunneling Transistors



Example 5: Tunnel Magnetoresistance (TMR)

• A TMR device consists of two 
ferromagnetic layers (red) 
separated by an insulating 
spacer (less than about 2 nm, 
grey). 

• Tunnel current can flow 
between the ferromagnets. 

• Resistance depends on the 
relative magnetic orientation

• Sensitive magnetic field sensor!
• Used in hard drives to read 

information from discs



VI  Quantum Mechanics in 3-D:

VI1 Schrödinger's Equation in 3-D










