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Xpnupatodotnon

To ap oV ekTALOEVUTIKO UALKO €XEL avarmtuxBOel ota mAaiola
Tou ekmatdevtikol £pyou tou didbaokovta.

To €pyo «Avolkta Akadnuaika Mabnuata oto
AplototeAetlo Mavemotipuo Osoocalovikne» €Xel

XpnHatodotnoeL povo tn avadlapopdwaon Tou
EKTIOLOEUTLKOU UALKOU.

To €pyo vAoToleital oto nAaiolo Tou Emiyelpnotokou
Mpoypappotog «Eknaidevon kot Ata Biou MaBnon» kal
ocuyxpnuotodoteital ano tnv Evpwrnaikn Evwon
(EvpwTalikd Kowvwviko Tapeilo) kat oo €Bvikouc TOpouC.
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Evpwmaikoé Kovwvikoé Tapeio
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MeplexOpEVA EVOTNTOG

1. Nopoc tou Fick, cuvteAeotnc diaxvonc, pevpa
dlaxvonc.

2. Teveon kot avaoclvdeon GopEWV OE LOOPPOTILA,
AUEON-EUUEDN QVOLOUVOEDN.

3. 2uvOnkec un-tocopporiag, eninedo eyxuong
dopEwyv, TaxuTnta avacuvdeonc, xpovoc {wnc.

4. 2taBepn katdotoon YUnN-LooppoTioC.
5. E&lowon ocuveyelac.

E€lowon dlayuong, apueon-sUpecn avaouvdean.
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diayvon

Pon} mpoc¢ tTnv MAgUPA LLE TN XAUNAOTEPN CUYKEVIPWON

Nopocg tou Fick

F = — D -
dx ,\
Suvteheotnig Suaxuong D = (kT/e)u - |
AUO GUVLOTWOEC peLaTOC Stdxuong *
J(S) = Jn(6) + Jp(é) Distance (x)
— pevpa dlaxuong nAektpoviwy B e e
d n(x) e

‘Jn(B) (X) = eD,

— pevpa dlaxvonc omwv d ( X)
Ip@) () =—€Dy
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http://britneyspears.ac/physics/diffusion/images/Image7.gif
http://britneyspears.ac/physics/diffusion/diffusion.htm

2 €idbn pevpatwyv & 2 £idn popswv

* H ouvoALKn aywyn Tou peupatoc opelAeTol
OTN WUETATOTILON Kol 0TN dlaxuon NAEKTPOVIWY

KOLL OTTWV

dn(x
Jn = Jn(u) +Jn(5) = n6u68+eDn ( )

dx

dp(x)
dx

Ip = Jpg) +Ip(e) = PerRE €Dy
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VEVEON - avaouvdeon popEwv

Recombination Generation

@ ® B

[éveon kal avacuvoean Popéwyv
o & Direct generation/recombination process. During photon assisted
&_ff—/f i@i recombination an electron from the conduction band re-combines with a hole in

the valence band. The excess energy is transferred to a photon. The reverse
process obtains its energy from radiation and generates an electron hole pair.

[ Ec Fic P B Mnyn: R. Entner: Modeling and Simulation of Negative Bias Temperature
Instability ,http://www.iue.tuwien.ac.at/phd/entner/img158.png

@ & @ @) http://www.iue.tuwien.ac.at/phd/entner/node11.html

ALapkNC eepuLKrl]%LéVEpGI;DKOLL amodLlEyepon NAEKTPOVIWY

H tayxutnta avacuvdeonc r Twv NAEKTPOVIWYV €lval avaioyn
NG OUYKEVTPWONC TouG, r =-dn/dt=a  n

H niBavotnta avaocuvdeonc o evoc NAEKTpoviou eival
avaAoyn tou aplBupou Twv onwy, a = B:p

Emopévwe n taxutnNTa avaouvdeoNC r Twv NAEKTPOVIiwV gival
avaAoyn Tou ywopévou nAektpoviwv-ontwv: r = -dn/dt=a - n
=B-np
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http://www.iue.tuwien.ac.at/phd/entner/img158.png
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VEVEDN - avaocuvdeon PopEwvV o€ LoCoppoOTILAL

[éveon kal avaguvoean popeéwv

Direct generation/recombination process. During photon assisted
recombination an electron from the conduction band re-combines with a hole in
the valence band. The excess energy is transferred to a photon. The reverse
process obtains its energy from radiation and generates an electron hole pair.

o (IS e D Mnyn: R. Entner: Modeling and Simulation of Negative Bias Temperature
Instability ,http://www.iue.tuwien.ac.at/phd/entner/img158.png
(@) ) @ ) http://www.iue.tuwien.ac.at/phd/entner/nodel1.html

® ®
>e Oepukn Lwoopporia (np=n.?) N TaxVTNTA BEPULKAG
vEveong g,=8(T) elva ion e TNV TaxuTnTa BEPULKNG
avaouvdeong ro, = r(n,p)

gTh= rTh = Bnopoani2

n kadapn tayutnta avacuvoeonc Twv GopEWV Elvol
undev  r- gp,=-dAn/dt = rp- g, = 0
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2UVONKEC HN-LOOPPOTILOLG

p-n junction p-\n junction
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Light radiation by the p-n junction of a semiconductor: (a) Depletion
region and depletion voltage, VD; (b) light radiation as the result of
electron-hole recombinations. AvdoTpogn kal opBr TTOAwoN o€
€TTOQN p-n.

Aigyepan evdoyevoUug NAEKTPOViou.

Mnyn: Enhancement of Photoelectrocatalysis Efficiency by Using Nanostructured Electrodes,
Guilherme Garcia Bessegato1, Thais Tasso Guaraldo1 and Maria Valnice Boldrin Zanoni1, [1]
Department of Analytical Chemistry, Institute of Chemistry, Universidade Estadual Paulista (Unesp), MnyA: Light Emitting Diodes (LEDs), Publish Date: Sep 12, 2013
Araraquara, Brazil, ' ' ' '
http://www.intechopen.com/source/html/46877/media/figl.png
http://www.intechopen.com/books/modern-electrochemical-methods-in-nano-surface-and-corrosion-
science/enhancement-of-photoelectrocatalysis-efficiency-by-using-nanostructured-electrodes

* n=n_+An, p=p,+Ap
e Anuoupyla (EVywV NAEKTPOVIWV-OTIWV LE OTTTLKN
Sieyepon, An = Ap, np>n_p = n.?

Purchase Fiber-Optic Communications Technology from Prentice Hall
http://www.ni.com/cms/images/devzone/ph/d15b7a87579.qif
http://www.ni.com/white-paper/14803/en/

* Eyxuon n adaipeon dopewv amo To NAEKTPLKO
KUKAwpA np>n_p, N np<n p,
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XapnAo n uPnAo entitmedo eyxuonc

Y€ YapnAn gyxvon T -
(An<< n,) auv§avovtal e T
ONUOVTLKA Ol POPELC
TNG LELOVOTNTOG

e )1 .

Log(carrier concentration) (cm-3)

2X107 pr— -

n=n+An=n,
p0+Ap zAp >> po (a) In the dark: np = n? (b) In light: np - n 2

Low-level injection in an n-type semiconductor does not significantly affect n, but drastically
affects the minority carrier concentration p,,.
Fig 5.25

©
]

From Principles of Electronic Materials and Devices, Third Edition, S.0. Kasap (© McGraw-Hill, 2005)

Mnyn: Principles of Electronic materials and Devices, 3rd Edition, S. O. Kasap,
http://images.slideplayer.com/16/4881792/slides/slide_50.jpg
http://slideplayer.com/slide/4881792/
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véveon & avaocuvdeon popEwv o€ pn-LcoppoTmia

* PuBuogyeveong g,

e tayvutnta peTaBoAng Twv mAsovaloviwy dopewv (OMEC o€
NULAYWYyO TUTIOU N):
dp,(t)/dt = dAp(t)/dt = g + gr,-r = g-(r- &rp) = 8- Bp(t)/T,

. (r—gTh)=BnoAp(t)=Ap(t)/tp n "kadapn tayvtnta avacuvdeonc'

* T1,=1/Bn, 0 "Xpovog {wrj¢" Twv mAeovaioviwv Gopewv
Lelovotntac (omwv)
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UTTOAOYLOMOC

urtoAoylopog dp, /dt=g,+g.-r :
Ereldn) g=ry, =Bn,p, n =n +An, p = p +Ap eivat
r = Bnp = B(n +An)(p +Ap) =
= B[(n,p,)+(n,Ap)+(p,An)+(AnAp)] =
to p An rtapaleinetal, eneldn p <<Ap=An <<n,
kat av AnAp<<n_p,, n An=Ap<n, T0TE

r = B[(n,po)+(n,Ap)]

dp,/dt = g +g;.-r = gL+ Bn_p, -B[(n p,)+(n Ap)] = g,-Bn Ap
= gL - Ap/-tp
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2tafepn KaTACTOON HN-LCOPPOTILOC

* Me otaBepn SlEyepon, N TUKVOTNTA TwV TTAEOVA{OVTWVY
dopewv dev avéaveTal cuveXwC, ylati avéavetal avtiotoyo
KalL N ToxutnTa avaocuvdeonc

* dp,(t)/dt=g- Ap(t)/t,=0= An=Ap =g, 'T,

b pntﬂ

(
n“l:ﬂ

-1

* Otav n gyxuon otapatnoey, g,=0 og t=0:

ol TAeoval{ovteC POPELC LELWVOVTOL EKOETIKA LLE TO XPOVO
dAp,(t)/dt = g,- Ap(t)/x, = Ap(t)/T, = Ap(t)=Ap(0)exp(-t/x,)
0 Xpovog {wn¢ T, eivat n otadepa TG EKDETIKNG amooBeong
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E¢élowon ouveExeLloc

* N Xpovikn petaoAn touv apOpol Twv
dbopEWV O€ pLa eploxn kabopilletol amo tn
netaBoAn tnc ponc tTwv popewv Kol T
netaBoAn Aoyw avacuvdeonc

dAp(xt) _ 1 4Jp Ap
dt e dx Ty

pup&-D ul:

dAap(xt) ( dj Ap

dt dx T,

Hulaywyad YAkG: Oswplia - Alatdgelg
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E¢lowon dlayuong

(Puhg D) P

dAp(x,t) _ P dx j AP o d°Ap Ap
dt dx T, P dx2 T,
* [ xaun)\o eninedo svxuonq o 0pOC TNC
LETOTOTILONC OTN POoN TwV PopEWV
LELOVOTNTOC EVOL AMEANTEOC

* Y& otaBepn kataotoon (dAp/dt=0)

L, T0 pnkoc étayvonc

Hulaywyad YAkG: Oswplia - Alatdgelg
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AUon tn¢
eflowong | |
duaxuong | o -

Aidyxuon otTrwv

Mnyn: Principles of Semiconductor Devices, B. Van Zeghbroeck, 2011, Boulder, December 2004 ,
http://ecee.colorado.edu/~bart/book/book/chapter4/qif/fig4_4 6.qif

dzAp_ Ap  Ap
dx>  Dptp L%

H yevikn Abon tng glvall

Ap(x)=C,exp(x/Lp)+Cyexp(-x/Lp)

av Ap(e=)=0 = C,=0 = Ap(0)=C,, tote
Ap(x)=0p(0)exp(-x/L,)

[lo otaBepn €yxuvon, oL TAeovalovtec popeic petoPpnoiog
LLELWVOVTOL EKOETIKA UE TNV QITOOTOON ATTO TNV €Madn
£yXUONG
To unkoc étoyuonc eivat n otadepa tn¢ EKVETIKNG
artooBeanc
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http://ecee.colorado.edu/~bart/book/book/chapter4/gif/fig4_4_6.gif

Pevpa diayvong

* Ap(x)=Ap(0)exp(-x/L,)
* To pevpa SLAYLVONC TWV OTIWV OE NULAYWYO

TUTIOU N do(x) (€D

P(X p X
J ——eD —| —2 |Ap(0) exp| — =
0 (X) P " dx [Lp} p(0) p[ ij
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QEON — EMUEDCN avaoUuvdeon

InP Si

4 ] | Electrons
Emitted i $ o —E, energyof _ Phonon
photon defectstate & Indirect & " X
. £ recombinationlf oo
:I recombination
Wave vector
m @ (i :
() Apeon Kai Egueon sﬂavacuvécon

Energy band diagrams and major carrier transition processes in InP and

silicon crystals.

http://jas.eng.buffalo.edu/index.html

Mnyn: Recent progress in lasers on silicon, Di Liang & John E. Bowers
Nature Photonics 4, 511 - 517 (2010) Published online: 30 July 2010
doi:10.1038/nphoton.2010.167 ,

http://www.nature.com/nphoton/journal/v4/n8/images/nphoton.2010.167-f1.jpg

http://www.nature.com/nphoton/journal/v4/n8/fig_tab/nphoton.2010.167_ F1.html

(a) (b) (c)
conduction band
_&
1 2
1 2 2 -8-8'8—8-E, N,n,
Lary—
hv
L____._._
O 8--0-—-Ep, Rip:
2 2 1 1| 2
valence band

EvepyelokéG OTABUEG TTEPIOKWV ATEAEIDV

Transitions in bulk semiconductors:

(a) intrinsic absorption and band-to-band recombination;
(b) recombination levels;

(c) trapping levels.

MnynA: Nanoelectronics and Photonics: From Atoms to Materials,
Devices and Architectures (published with permission from Springer),
http://www.asdn.net/asdn/physics/images/traps1.JPG
http://www.asdn.net/asdn/physics/traps.shtml

e Kata tnv amo-0lEyepon N EVEPYELO TOU NAEKTPOVLOU
arodidetal eite we aktwoPoAia (pwtovio), eite w¢
Bepuotnta oto mAsyua (pwvovio)

* AlTNpNon EVEPYELAG + OPHNG

e "kevtpo" N "mayidba avaocuvdeonc”

=, 00K aTEAEL

: ATOMO MIPOCULENG 1N AAAN
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Znpeiwpa Adetodotnonc

To ap OV UALKO SlatiBetal pe toug opouc tne adelac xprnong Creative
Commons Avadopa - Mapopota Atavoun [1] R petayeveotepn, AleBvng
‘Ekdoon. E¢apouvtal Ta autoteAn £pya Tpitwyv T.X. pwtoypadieg,
Slaypappata K.A.T., T OTtola EUTIEPLEXOVTAL OE ALUTO KaL T OToL
avadEpovtal pall LE TOUC OPOUC XProNG TOUC 0To «2npeiwpa Xpnong Epywv

Tpitwv».
[ONolel

O dkalouyoc umopet va rapexeL otov adelodoyo Eexwplotn adela va

XPNOLUOTIOLEL TO €pPYO YyLOL EUTTOPLKA XpNon, Epocov auTto Tou {nTtnOEL.

[1] http://creativecommons.org/licenses/by-sa/4.0/

Hulaywyad YAkG: Oswplia - Alatdgelg

Tunpa HAektpoAdywv Mnxavikwv & Mnxavikwy YIoAoyLotwv


http://creativecommons.org/licenses/by-sa/4.0/

APILTOTEAEIO

72N ANOIKTA ,
W5/5  MANENIZTHMIO AKAAHMATKA — Saey
@57 OEIIAAONIKHE MAGHMATA

TENOG EVOTNTOC

Enteéepyaoia: Kapavaolo¢ NikoAoog
Oeocoalovikn, 2015

ENIXEIPHXIAKO MPOTPAMMA
EKMAIAEYZH KAI AIA BIOY MAGHZH

@ ({

YNOYPFEIO MAIAEIAL KAl BPHIKEYMATAQN
Evpuniic Evwon EIAIKH YNHPEZIA AIAXEIPITIHE
Tap

gio
Meé tn ouyxpnpatodétnon tne EAAadag kat tng Evpwmaikic Evwong






