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V- Barrier Penetration: Tunneling
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Examples of tunneling

Example 1: Field emission of electrons
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Example 2: Scanning Tunneling Microscope (STM)

Control voltages for piezotube

i —_— S
O —
-y =) feedbach to
| 5 e keey, tunntlin
;f 'E g Ceervrent %:ia—n
/ Q ==
/ T 2 :
/ % £ Tunneling Distance control
/ o g current amplifier and scanning unit
/ o
,f:
.
F
/T adjutal le
% ~ Eunnel
Sample g ' le&(
——— Tunneling
voltage

Data processing
and display



Example 2: Scanning Tunneling Microscope (STM)
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Example 3: Tunneling Junctions
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Example 4: Tunneling Transistors

quantized  top QW fopcontrol  top depletion
2D electron  contact gate gate
layers . *
\L \ r’—'f?/ - P &P bottom < 2um
= . -topQW | QW
L | l" tunneling yyyy | | contact’ Y
| |

r>7 — bottom QW

™\ back depletion gate

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

« 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 5: Tunnel Magnetoresistance (TMR)

| « A TMR device consists of two
ﬁfem:nm agnetic electrodes ]
% n— ferromagnetic layers (red)
separated by an insulating
H applied fielg SPACET (less than about 2 nm,

tunneling current g rey) .

« Tunnel current can flow
between the ferromagnets.

* Resistance depends on the
relative magnetic orientation

* Sensitive magnetic field sensor!

* Used Iin hard drives to read
= v~ information from discs
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VI Quantum Mechanics in 3-D:

VI, Schrodinger's Equation in 3-D
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