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2 Wells => 2 Transmission Peaks
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3 Wells => 3 Transmission Peaks
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6 Wells => 6 Transmission Peaks
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8 Wells => 8 Transmission Peaks
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19 Wells => 19 Transmission Peaks
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29 Wells => 29 Transmission Peaks
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39 Wells => 39 Transmission Peaks
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N Wells => N Transmission Peaks
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1 Well => 1 Transmission Peak => 1 State
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2 Wells => 2 Transmission Peaks => 2 States
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3 Wells => 3 Transmission Peaks => 3 States
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4 Wells => 4 Transmission Peaks => 4 States
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5 Wells => 5 Transmission Peaks => 5 States
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6 Wells => 6 Transmission Peaks => 6 States
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7 Wells => 7 Transmission Peaks => 7 States
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8 Wells => 8 Transmission Peaks => 8 States
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9 Wells => 9 Transmission Peaks => 9 States
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19 Wells => 19 Transmission Peaks => 19 States
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29 Wells => 29 Transmission Peaks => 29 States
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39 Wells => 39 Transmission Peaks => 39 States
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49 Wells => 49 Transmission Peaks => 49 States
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N Wells => N Transmission Peaks => N States
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N Wells => N States => 1 Band

* Vb=110meV, W=6nm, B=2nm => ground state in each well
=> what If there were excited states in each well => Vb=400meV
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N Wells => 2N States => 2 Bands
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N Wells => 2N States => 2 Bands

~ Vb=110meV, W=6nm, B=2nm 1 state/well => 1band

jos S B o
e e e, o O el ...
Can we get more states/well?
=> |ncrease well width
| |
R R - I
CrHitance [re] } Cpati LT ]




[oa |

[[cimsen |

Resutt |Foteriial Energy vs. D

e and Resonances

Reetst | Traramiruion Coefic

wB. Enengy on reBned erergy gid

Foasut [Fasonance Feats

N X States/Well

: i  —> X Bands
. Vb=110meV,
f- et W=6nm, B=2nm
1 state/well
“ W Dui?ulml 14 e nwm:::zcm“ fiH 16 v 0 » mmm' @ ® :> 1 band
- — 13 results. r-ﬂll.. Chear
] : - Vb=400meV
g L W=6nm, B=2nm
2 states/well
- => 2 bands
e
) e Vb=400meV
& s W=10nm, B=2nm
§ . A — 3 states/well
) — A => 3 bands

Distance (e}

Simlaton = 011

Ml of Barvers - 50
AL en

Teantmivtion Coeticant

Occumenca

ciow Jvaets P o]

Simulation = #13
+ Wusilser o B - 50

= S tare

—

s y

« Btnacture



[sier] =

Rasutt [Fotertial Enengy vs. Dt

= M X States/Well

- il : : #  => X Bands
: Vb=110meV,
' = | W=6nm, B=2nm
1 state/well

D‘f. 5 T £ i 2 : P ' " } => 1 ban d

- i
Dttance (re) Tranimittion Cosficient Dccumnce

|

o8 3 Fescmances B Fasus [Franemssion

&
E z
£ - 4
3 £ I
£ i H
foo & o H
£ F
2

=
&
.

e - Fesut [Fransmessian Corfcient vi Energy om redmed eeergy El Fasut [Fesenance Fraks v =
_ _ _j Vb=400meV
) £ | W=6nm, B=2nm
i 2 states/well
| => 2 bands

T ™ [Ty corll s vn i oo

Rt [ Potimtid Ervirgy va O ey = Aot |[Teanmisos © e = r
[-] o ]
na — ] I 04 = L 04 1
LR 0¥= 034
: W=10nm, B=2nm
B n n
= = j—
= = 3 ]
3 = g
& o2 B0z = g2
3 5
g 5 i
£
E . | 3 states/well
= o 01
' i => 3 bands
] 8- o
r T T T r T k) i) i) i) o T 1 r T T T 1
a " = = (11 1ET ] IES (2] 2] (] {1 1] ] 1 H 3 2
Disance fres) Teantmitinn Cosicast Occunence
™
Simlaten = 01 Smstabon = 91 Samdabon = 81
b Haiber of Barers - I Huanbr of 2 b umbssr of Buriers - 2
Al ] P - - . . , )

« Siuctare | « St « Siuclurn |



Formation of energy bands

e Each quasi-bond state will give rise to a resonance in a well.
(No. of barriers -1)
e Degeneracy is lifted because of interaction between these states.
« Cosine-like bands are formed as the number of wells/barriers is increased
e Each state per well forms a band
e Lower bands have smaller slope = > heavier mass




Section 6
Electron Tunneling - Emergence of Bandstructure

; *6.1 Transfer Matrix Method azzey
~_ *6.2 Tunneling through a single barrier J_t
» Analytical Solution ‘ | ] ]

8 =
> 8 » Numerical observations
~ _| * 6.3 Tunneling through a double barrier structure
g% » Resonant Transmission ‘ | ‘ | | WL |
z » Transmission Peak Width o
~ ) * 6.4 Tunneling through N barriers - Formation of bandstructure = 0 -
3 g » N wells — N Peaks ‘ ‘ I ‘ ’ ’ ‘ ‘ I |
& » S states per well — S Bands : q...- — — -—
:H * 6.5 Analytical and Numerical Solution Strategies ———
>3
Reference:
piece-wise-constant-potential-barrier tool http://nanohub.org/tools/pcpbt
P Klimeck — Solid State Devices
38

PURDUE

UNIVERSITY.


http://nanohub.org/tools/pcpbt

Section 6
Electron Tunneling - Emergence of Bandstructure

; *6.1 Transfer Matrix Method R
~ | *6.2 Tunneling through a single barrier J_t
» Analytical Solution ‘ | - Wil Bl S
» Num erl Cal ObS ervatl ons . " oo 4'“ S 'Ef Retecton Cooicart
* 6.3 Tunneling through a double barrier structure i i l
» Resonant Transmission ‘ | ‘ | “E

Video
Segment

o
‘ | o
T T
] o 5 £ E
Ostencs L

i
X » Transmission Peak Width
:E * 6.4 Tunneling through N barriers - Formation of bandstructure s
82 »Nwells — N Peaks ‘ ‘ | ‘ ‘ ‘ | | REIEEREE (Y
& » S states per well — S Bands : q...- ———— 1 -
~ +6.5 Analytical and Numerical Solution Strategies g - ==
s g » Analytical segmentation
> 8  » Transfer Matrix Method ) S
— » Discretizing Schrodinger’s equation for numerical implementations
Reference:
piece-wise-constant-potential-barrier tool http://nanohub.org/tools/pcpbt
Klimeck — Solid State Devices
39

PURDUE

UNIVERSITY.


http://nanohub.org/tools/pcpbt

	Section 6�Electron Tunneling – Emergence of Bandstructure�6.4 Tunneling through N barriers
	Section 6�Electron Tunneling – Emergence of Bandstructure 
	Section 6�Electron Tunneling – Emergence of Bandstructure 
	1 Well => 1 Transmission Peak 
	2 Wells => 2 Transmission Peaks 
	3 Wells => 3 Transmission Peaks 
	4 Wells => 4 Transmission Peaks 
	5 Wells => 5 Transmission Peaks 
	6 Wells => 6 Transmission Peaks 
	7 Wells => 7 Transmission Peaks 
	8 Wells => 8 Transmission Peaks 
	9 Wells => 9 Transmission Peaks 
	19 Wells => 19 Transmission Peaks 
	29 Wells => 29 Transmission Peaks 
	39 Wells => 39 Transmission Peaks 
	49 Wells => 49 Transmission Peaks 
	N Wells => N Transmission Peaks 
	1 Well => 1 Transmission Peak => 1 State 
	2 Wells => 2 Transmission Peaks => 2 States
	3 Wells => 3 Transmission Peaks => 3 States 
	4 Wells => 4 Transmission Peaks => 4 States 
	5 Wells => 5 Transmission Peaks => 5 States 
	6 Wells => 6 Transmission Peaks => 6 States 
	7 Wells => 7 Transmission Peaks => 7 States 
	8 Wells => 8 Transmission Peaks => 8 States 
	9 Wells => 9 Transmission Peaks => 9 States 
	19 Wells => 19 Transmission Peaks => 19 States
	29 Wells => 29 Transmission Peaks => 29 States 
	39 Wells => 39 Transmission Peaks => 39 States 
	49 Wells => 49 Transmission Peaks => 49 States 
	N Wells => N Transmission Peaks => N States 
	N Wells => N States => 1 Band 
	N Wells => 2N States => 2 Bands
	N Wells => 2N States => 2 Bands
	X States/Well �=> X Bands
	X States/Well �=> X Bands
	Formation of energy bands
	Section 6�Electron Tunneling – Emergence of Bandstructure 
	Section 6�Electron Tunneling – Emergence of Bandstructure 

