PHY 752 Solid State Physics
11-11:50 AM MWF Olin 103
Plan for Lecture 31:

Chapter 14 in GGGPP:
Inhomogeneous semiconductors
1. p-n junctions

2. Metal-semiconductor junctions

Lecture notes prepared with materials from GGGPP textbook

1111172015 PHY 752 Fall 2015 — Lecture 31

11/11/2015

K-ray and neutinn dffmcton
Scatiening 0l particies by crystals
“Optical and Fanspor properses of metas
‘Dpical and iraneparl properies of metas
Transportin metaks

uagretc orenng in crystais
Superccndacisy
Suparcendacinty
Thankighving Hakiay
Tharikghing Hakilay

37 on, 11305015 Chap 18 Supsmonduciny

Siuan presertatorn |

: prsitalion §

1111172015 PHY 752 Fall 2015 — Lecture 31

Fefrshmmets o1 330 PM
alin Lobiy

1111172015 PHY 752 Fall 2015 — Lecture 31




irtment of Physics

WFU Physics Colloguium

TITLE: Coupled imp bety i ic and
piezoalaciric materials

SPEAKER: David Monigomery,

Department of Physics,
Wake Forest University
TIME: Wednesday November 11, 2015 at 4:00 PM
PLACE: Room 101 Olin Physical Laboratory
Refreshments will be served at 3:30 PM in tha Olin Loungea. All
interested persons are cordially invited to attend.
ABSTRACT
4 bining - materiats is
dacussed. Thermo-piezoslectic gensralors (TPEG) extibit 8 synergiic effect that
amplifies output valtage. and has been cbsenved fa increase inifial piezoslecitic values.

thecugh o fme dependant i effect TPEGS are buit by intsgrating
of fuonce IPVOF) fims between fismoble thin
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Impurity states in doped semiconductors at T=0 K

Donor impurities Acceptor impurities
a)hE n-type (h) AE p-type
conduction band eonduction band I
i E.
<d
w{T =0} Eg BT = 0)
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1b) Schematic representatio
fuctor s ¥ = 0; typical value =
fowel ot oo temperatire lies b ¢ /230, + £ ), which is the point between £, and £,
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Composite p- and n- type semiconductor at T>0 K --
distribution of ionized impurity states

1a)
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Composite p- and n- type semiconductor --
electrostatic effects

he depletion layer sppeusimsion. elec
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Model electrostatic configuration due to ionized impurities

—eNg —dp<x <0,
px)=1{ +eNg 0<x<dy

0 for x < —dy and x > dy

Poisson’s equation for resulting electrostatic potential

2 N, N
d ¢ plx) x4 ) —dy =
—— = py=1{ 26,0
dx* £ dhi — R —dy)? 0=
2%
e A
Nadp = Nydn, dvi = 5-[Nad;, + Nad,].
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Model p-n junction -- continued

Relationship of depletion layer lengths to built-in potential

i N 1 e
and o, - e — g
Ni Na+ Ng ¢

Ne 1 ey
Total width of the depletion layer: Typical values:
w= 50004

No + Ny 2c; ] 12

w =dp +dy —[ T ¢ B
NaNa e % 2x10° /m
w
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p-n junction in the presence of external voltage V
') 0 / 1
n- s l
I ;‘ yy
revers bias (V < 0) ate] -

d 0 d,

Figure 143 Forward and reverse bias for 3 p-a juncticn
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p-n junction in the presence of external voltage V

] o
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Distribution of electrons and holes near p-n junction

n(x) = N(T)ye (E—ErlikaT gith E.(x) = E, = e (x),

pix) = Ny(Te” Er—Enl%eT  with E,(x) = E, — ep(x)

Comparison of of electron and concentrations at boundaries

of depletion zone: ) I

np(=dp) = np(dy Je ~€lbwi —V)/ksT
In terms of electron concentration well inside the n-type material (,,)

and well inside the p-type material (7,,,)

e kT
n,, =n,e
12
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tp{—dp) = g = Antp(—dy) = nj..uijt“"‘“'“‘r - 1)

Prltdy) = Pao = Ap,(+dy) = puote V2T — 1)
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Current-voltage characteristics of p-n junction

Fignre 148 (3
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Some details (covered in Chap. 13)

Electron and hole current densities in the presence of
an electric field € within Drude model

nelr, . e,
J = o £ = nepn€, ) = lm‘rE = peuyE.
¢ -

Electron and hole current densities due to both an
electric field and a concentration gradient

Iy =enp, & +eD, V|, |}, =epp,€ —eD,Vp|,

diffusion constants
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Electron and hole transport in p-n junction — continued

Boltzmann equation for electrons:

dn | .
— = =div Jy + Gu(r, ) — Ru(r, 1)
df (4
electron generation and recombination
Boltzmann equation for holes:

dp 1
P div Jp + Gplr, 1) — Rp(r, 1).
ar €
hole generation and recombination
11/11/2015 PHY 752 Fall 2015 -- Lecture 31 16

11/11/2015

Electron and hole transport in p-n junction — continued

Boltzmann equations in terms of applied field and
density gradients

an n (&) G— R
— = Dy + iy = + Gy —

it "ax2 " Tax o
ap a'p A p&E)
—_—=D— -y +Gp,— R
ar  Paxz I v p

Model generation-recombination processes

ny—n

G,-R ~ G, -R ~ P L

t, z,
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Electron and hole transport in p-n junction — continued

dp ap aE  pp—p
—_=D— i p— 4 — ri-semiconducton
il dx- dx Ip

1y >> Py
an a%n an 3 mg=n
— = Dy——= + plat— + pigt— + —— p-semiconductor.
dt ax? dx dx I

Py >> 1y
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Electron and hole transport in p-n junction — continued

A,

.”g

1111112015

0 n-semiconducton

p(x) = po = Ap(@e 5 with L} = Dyt

.fl:“'"'
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P

dp Apidd
— =l g
ix Ll

o

L, 7= 0.01 cm.
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Electron and hole transport in p-n junction — continued
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