S Ch. 5. Quantum Mechanics

Erwin Schrodinger
(1887-1961)
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P Schrodinger’'s Equation
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% One-Dimensional Schrddinger’s Equation
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We consider the case of time-independent potential
energy only.  U(x,t) =U(X)
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Time-Independent Schrodinger’s Equation

Try W(x,t) =w(X)4(1).
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Then, ¢(t)=e .
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i) Wave Functions

Finite and single-valued

Normalized (except for the case of considering plane

waves)

Continuous

First-order spatial derivative should be continuous
(except for the case of infinite potential energy)
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3P Waves of What?

Waves of probability

P(x,y, z,t)\2 probability density function

{8 2005 Brooks/Cale - Thomson

Max Born (1882-1970)
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One-Dimensional Quantum Well
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Y One-Dimensional Quantum Well
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Y One-Dimensional Quantum Well

n
=n—ﬂ, n=123,--
1 P
=13 e =9k
v, (X) = \/73|n( J for O<x<L & a
fxd
2 212
L n”il 9 Ey = 4F
2m 2mL
1 4

Zero-point energy >

& 2005 Brooks/Cole - Thomson

Center for Active Plasmonics
. Seoul National University Application Systems




¥ : :
%_r One-Dimensional Quantum Well
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% One-Dimensional Quantum Well —
General Solutions

¥, (1) =, ()4, (t) = \f (mx)ei?t, N=12,3
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P (x,t) = ZC ¥ (x,1)= ZC (sm(mixj e_i%t

where Z\Cn\z =1.
n=1
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S Operators
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o Operators and Observables
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Silicon oxide

Silicon nitride . ~ »V(x)
n-type Silicon
_________________________________________ C i
ptype Silicon
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b7 3 Finite Potential Well
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P Finite Potential Well

" _’/-\\
x=0 x=L
7512 N—
52 -
12 s
x=0 x=L
191 5.8 Rt HEHE RIUAS s SEL T,
A= =2 HHZ2UHNE &A2 e == AL

Center for Active Plasmonics

5‘“" QSeouI National University Application Systems

A 3,;



i, Wi

Continuum
unbound-state
energies

E, >0

Discrete Vix)
bound-state | "
energies
E, <0 £3
£y

-V
(a) V1

Region Region I1 Region III
@(x) 1

AN\ N
VIV

(b)

20,

§‘° J Seoul National University

P T

4

Center for Active Plasmonics

Application Systems



| E1=(1]1/p)2V E2=(ﬂzfp)2V

Mp---

|
w2 w  3w2 2w 5w2 & 2 w  3m2 £
sz 2m2lvuﬁ2 sz 2ma21VW32
e 1
/{ | \d 2l I VI
Eil | L‘E"

2a

. Center for Active Plasmonics
%12 Seoul National University Application Systems

N L&lﬂ:@g
Y



bl Bandgap Engineering
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Yy MBE (Molecular Beam Epitaxy)

http://people.deas.harvard.edu/~jones/ap216/images/bandgap_engineering/bandgap_engineering.html
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Quantum Well Devices
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Quantum Well Devices

Quantum
wells Thermal
ascape
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% More Quantum — Quantum Wires and Quantum Dots

Quantum wire laser
operating through
the eye of a needle
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http://wwwrsphysse.anu.edu.au/ admin/pgbrochure/nano.html

Average pore
diameter is 52

nm.

80.00 nm

Carbon nanotube

snB00. 001

V-groove quantum wire field effect transistor
http://www.people.vcu.edu/~sbandy/projectl.html

http://www.shef.ac.uk/eee/research/smd/research/quantum_fet.html
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