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Review of the last week

Chapter 6 Homo and hetero junctions
pn homo junctions

Solar cells

Bipolar transistors
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John Bardeen, William Shockley,
Walter Brattain 1948 Bell Labs.

Gerald Pearson, Daryl Chapin
and Calvin Fuller at Bell labs. 1954




Current amplification: Linearization with quantity selection
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How a bipolar transistor amplifies signal?
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Expression of h ¢
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Sweeping out of minority
carriers at the depletion edge
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Example of an amplification circuit
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Depletion layer width with reverse bias voltage

\V Ly Poisson equation d—;f = —aq(z) (a = (eco)™")
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Effective capacitance and reverse bias voltage
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This gives a way for the doping profiling.

—Vbi - . Varicap diode  circuit example

] L.

D1,D2 Varicap diode
R Typically 10k - 47k or RF choke

Frequency modulation
Phase lock loop
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pn junction FET

T pt N V(y) = Vg + Vi — Ven(v)
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|-V characteristics of JFET
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Application of JFET

Low linearity — linearization with feedback with high gain

High input impedance, low bias current (operation at the reverse bias region)
. fit the Input stage of operational amplifier

Example: OPA827 _
e Input voltage noise: 4 nV/v/Hz at 1 kHz

e Input bias current 10 pA max
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g Inverting amplifier

Copyright © 2016, Texas Instruments Incorporated
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Schottky barrier (metal-semiconductor junction) Walter Schottky

1886-1976

metal semiconductor Q: space charge
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MES-FET

Grille

Contact ohmique Schottky

(Source)

(Drain)
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Substrat semi-isolant

In most cases, the surface barrier is dominated by the pinning of Fermi
level with the high density surface states.

MES (metal-semiconductor) FET: depletion layer device.

Complementary circuit is difficult.

Saturation effect is a bit weak.
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DRAIN CURRENT vs.
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Data are given in S-parameters.



MOS FET

Metal electrode
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Oxide film
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FinFET
I T

Improvement of MOS FET

High -k materials for dielectrics other than SiO; 3.9

Low voltage action requirement: HfO,Si 11
Multi-gate structure to wrap up the conduction channel SigN, 7
FinFET structure AR 2

210, 25

HfO, 25

(a) 3D Structure
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TSMC 7 nm
transistors

Pinch-off the channel with wrapping gate

Less than 1 ps
Less than 1V

Inversion conductive mode

TSMC 30 nm gate (2012)
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Heterojunction and envelope function
{_ h2V?

Effective mass approximation +U (r)] f(r) = Ef(r) f(r): envelope function

2m*
This holds for spatially slow perturbation U(r).

Then how about heterointerface? b (1) Z (A) l(;i\) ), @ () Z fl(B) z(r]j)
YA | YE@) 1. For simplicity we assume ul (1) =l (1), 8el(A)/3k = 0™ )0k
(i) > Then continuity condition at z =0 becomes £ (74, 0) = £\ (74, 0)
In xy-plane, the Bloch theorem tells ~ £(*P) = % exp(ikay - z)x\ M (2)

: envelope function for z
For z-freedom, we apply k - p perturbation. P

20 (z —th— 0 ) X = €X
0z
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Heterojunction and envelope function (2)

hkZ,  h? 92

2mo 2mo 0z2

= (2<0), ” (220

2<0 (z€A)

0
Vi(z) =
1(2) {el(B)—el(A) z>0 (z€B).
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m=1

e 4+ Vi (2) +
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W2k2,  h? 97 ih
mo

Continuity condition:

AP A) (5 = 0) = 7B B)(0)

B ] 5 Py in 9
m

.

h? o0 2
Ly, = T [5lm$ + E(l|pz|m)]
\ | | )
y v
continuity in derivative discontinuity

When the band mixing effect is
ignorable, we can also apply the
effective mass approximation
for the heterojunctions.
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Band discontinuity

Band discontinuity parameters

E B

E* IAEC

E’ 5

g
L g
E A
| AE,
E B
crystal A crystal B

Anderson’s rule: affinity from the vacuum level
determines the alignment

vacuum levels — ... —
aligned
XB
7
conduction & //
band E, E
EA _________ { _AEC
E4 EgB
o S S T '

§\§\ EVB - :AE\'
alene AW

R. L. Anderson, IBM J. Res. Dev. 4, 283 (1960).
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Heterojunction types
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(c) Type-111
(Type-Il staggered)
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antum Structure
nvells, wires, dots)

Zhores |. Alferov Herbert Kroemer Jack S. Kilb.y

The Nobel Prize in Physics 2000 was awarded "for basic work on information and
communication technology” with one half jointly to Zhores |. Alferov and Herbert .
Kroemer "for developing semiconductor heterostructures used in high-speed- anc
opto-electronics” and the other half to Jack S. Kilby “for his part in the invention of

the integrated circuit”



Quantum well (elementary guantum mechanics)

> d 2m|E — Vp|
AV (%) Outside the well: R % —F < L L < = \/ 0
____YQ _______ | . 2m de _l_ 0 w w’ L > 27 2 > T, K h
() Ch exp(ikx) + Cyexp(—ikz) E >V,
€Tr) =
D1 exp(kx) + Do exp(—kx) FE < V.
: . L L _
States localized inside the well: E <V 5 <z Df =0, z< -5 = Dy =0
X
S S ———— 1/2 E L L
—L/2 L/2 Inside the well: ¢ (x) = C1 exp(ikx) + Co exp(—ikx), k = ;Ln , X € [—53 5]

[ Cy exp(ikL/2) + Cy exp(—ikL/2) = D exp(—kL/2),

Continuity <
| Crexp(—ikL/2) + Cyexp(ikL/2) = Dy exp(—kL/2),

Envelope function

connection f
ikCy exp(ikL/2) — ikCy exp(—ikL/2) = —k Dy exp(—kL/2),

| ikCh exp(—ikL/2) — tkCyexp(ikL/2) = kDy exp(—£L/2),

| Differentiability <
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Quantum well
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Optical absorption of quantum wells

A
Ve(T) = Pe(2)|exp(ikay * Tuy Juc(r),
Y (r) H on(2)exp(ikayy - Try Uy (T)
Envelope functions Lattice periodic functions
/ Direct transition rate: P., (uc(r)|V|uv(r))/ dzoe(2)" dp(2)
_// o h2
1 Transition energy: F = E, + AE") + " k2,
E, K
Two dimensional density of states: dn _ m H(FE) (H(x): Heaviside function)
dE  27h?
F~

I\
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Optical absorption of quantum wells

Absorption coefficient
| f
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Absorption coefficient
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(b)

GaAs/AlAs

MQW
L=7.6nm
6 18 2
Photon energy (eV)
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