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Xpnupatodotnon

To ap oV ekTALOEVUTIKO UALKO €XEL avarmtuxBOel ota mAaiola
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MeplexOpEVA EVOTNTOG

EowTtepLko nAektpootatiko nedio, e€lowaon
Poisson, emtadn p-n, mMPOCEyyLon apaiwaonc.

[MAdtoc mepLloxnc $opTiwv Ywpou.

MovomAeupn emadn, YPOUULKN €mtadn
(GLayuonc).
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BaOuida ocuykévipwonc =
NAEKTPOOTATLKO eSO

* HBaOuida cuykéEvipwong cuvenayetal umapén
E0WTEPLKOU NAEKTpOOoTATIKOU ediov (o€

Polarization

KOTOLOTOLON LOOPPOTILAG) I EECREE: |

Jp=dputpa=0 E @f& — E
—e[p(x)u, (x) - D,dp(x)/dx] = 0 =
= elx) = (D/) (1/p(x) dpa)febx o

= (kT/e) (1/p()) dp(x)/dx == T e

! Space charge |

region at interface

Kivnon @opéwv utrd 10 duvauikd ETTAQAG OTNV TTEPIOXH ATTOYUUVWONG.
Simplified schematics for the bulk photovoltaic (PV) effect in a ferroelectric thin film (top)
and the interfacial PV effect in a semiconductor p-n junction (bottom). E: Electric field.

4 I
* @ O p'[ La Xw p O U Mnyr: Solar & Alternative Energy, Nanoscale ferroelectric thin films show promise
for solar cells, Kui Yao, Photovoltaic effects in a uniform thin film could potentially
produce high output voltage and absorb visible light. 24 May 2010, SPIE Newsroom.
DOI: 10.1117/2.1201004.002927
http://spie.org/Images/Graphics/Newsroom/Imported-2010/002927/002927_10_figl.jpg
http://spie.org/x40422.xml
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NAEKTPOOTATLKO NedLo € Baduida duvapikou

6 U Va u LKC') V= U/q ) Conduction band

orou U n Suvaplkn evepyeLa TOU -

neblou
,
nebio € = (1/e)(dU/dx) = dV/dx —_—

Direction of electric field

H dUvapn mov ackeital o popTio - .
e Ei,val_ Direction of electric field

Valence band

Kivnon @opéwv o€ nuiaywyo utrd tnv €mIRBOAr NAeKTPIKOU TTEdiou.

F - _e E - _d U/dX Figure: Effect of an Electric Field on Energy Bands
)

Mnyn: tutorsglobe- Theory of Material types and Electric conduction.
http://secure.tutorsglobe.com/CMSImages/2285 1.5.jpg
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ouvoEetal pe Baduidba tnc
SUVAQLULKNC EVEPYELAC KL TOU
NAEKTPOOTATIKOU SUVAHLKOU
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BaOuida cuykévipwonc -» Baduida duvapikou
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a b Mnxaviopoi didixuong kai oAioBiong o€ pn magr).
ZUYKEVTPWOT QPOPEWYV OTNV TTEPIOYT| ATTOYUUVWONG.

Mnyn: Principles of Semiconductor Devices, B. Van Zeghbroeck, 2011,
Mnyr: PVEDUCATION.ORG, Christiana Honsberg and Stuart Bowden Boulder, December 2004

http://www.pveducation.org/sites/default/files/PVCDROM/PN-Junction/Images/image183.png http://ecee.colorado.edu/~bart/book/book/chapter4/qif/fig4_2_3.qif
http://www.pveducation.org/pvcedrom/pn-junction/wide-base-diode http://ecee.colorado.edu/~bart/book/book/chapterd/ch4_2.htm

* H Baduida cuykévipwonc cuvenayestal Baduida
TN¢ SUVALILKNC EVEPYELOC

* E,,=E +kTIn(n/n)= E(x)=E,—kTIn[n(x)/n]
* de(x)/dx = p(x)/eg, e§lowaon Poisson
~* p(x) = e [Np(x)-n(x)] mukveTnTa dpoptiwv xwpou
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http://www.pveducation.org/sites/default/files/PVCDROM/PN-Junction/Images/image183.png
http://www.pveducation.org/pvcdrom/pn-junction/wide-base-diode
http://ecee.colorado.edu/~bart/book/book/chapter4/gif/fig4_2_3.gif
http://ecee.colorado.edu/~bart/book/book/chapter4/ch4_2.htm

Enadn p-n

Nd |
electron hole charge
density  density density

OTOTOUN ETAPT

Emaen p-n kai didgopa peyEon.

MnyrR: CMOS Photodetectors

Albert H. Titus1, Maurice C.K. Cheungl and Vamsy P. Chodavarapul

[1] Department of Electrical Engineering, University at Buffalo,

The State University of New York, USA

[2] Electrical and Computer Engineering, McGill University, Montreal, Canada

http://www.intechopen.com/source/html/17220/media/imagel.
http://www.intechopen.com/books/photodiodes-world-activities-in-2011/cmos-photodetectors
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Epitaxially Grown or Planar Diffused Diode

emracio

Mnyn: http://www.circuitstoday.com/wp-
content/uploads/2009/08/planar-diffused-diode.jpg
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YPOLLLULKT) ETTOLPN

ZUYKEVTPWOT POPEWY OTNV TTEPIOXT ATTOYUUVWONG.

MnyA: PVEDUCATION.ORG, Christiana Honsberg and Stuart Bowden
http://www.pveducation.ora/sites/default/files/PVCDROM/PN-Junction/

Images/image183.png
http://www.pveducation.org/pvedrom/pn-junction/wide-base-diode

p-type diffused region diffusion mask
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dtdyvon

High-speed diffused silicon diodes. (a) Mesaless structure. (b) Mesa structure.

ZUyKpion peBOdwV eTTioTPWONG.

DIFFUSION OF DOPANTS
(CONTINUED)

N

Stilicon
surface

(a) (b)
Concentration of dopant in
surrounding atmosphere kept
constant per unit volume

Dopant deposited on
surface - constant
amount per unit area

ITpo@iA o1dyvomnc

MnynA:http://image.slidesharecdn.com/semiconductorphysics-
110918010624-phpapp02/95/semiconductor-physics-19-72

8.Jpg?cb=1316308080

http://www.slideshare.net/AmitBiswal/semiconductor-physics

MnyA:http://content.answers.com/main/content/img/McGrawHill/Encyclopedia/images/

CE360800FG0010.gif http://conocimientossemiconductordiode.blogspot.qr/2010/02/blogs_3439.html

BaBuida cuykevipwonc o amotopun madn Kot YPOoLLULKA

)))__emadn: nektpootatiko nedio kat Stadopd Suvapikou
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http://www.intechopen.com/books/photodiodes-world-activities-in-2011/cmos-photodetectors
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http://image.slidesharecdn.com/semiconductorphysics-110918010624-phpapp02/95/semiconductor-physics-19-728.jpg?cb=1316308080
http://image.slidesharecdn.com/semiconductorphysics-110918010624-phpapp02/95/semiconductor-physics-19-728.jpg?cb=1316308080
http://image.slidesharecdn.com/semiconductorphysics-110918010624-phpapp02/95/semiconductor-physics-19-728.jpg?cb=1316308080
http://www.slideshare.net/AmitBiswal/semiconductor-physics
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Mnyn: http://www.electronicshub.org/wp-content/uploads/2015/01/1-.PN-
junction-at-the-thermal-equilibrium..jpg
http://www.electronicshub.org/pn-junction-tutorial/

H dtadopad Suvapikol otn HETAPATLKY TIEPLOXN EMOUEVWC ElvaLl

Vo=U/e =[Ex(n)-E(p)]/e
Er(n) = Ei+ kT In(n,/n;) Erp) = Ei - KT In(p,/n;)
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Mnyn: http://nptel.ac.in/courses/115102025/module5/img5_3/img2.png
http://nptel.ac.in/courses/115102025/18
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MNyn: http://chemwiki.ucdavis.edu/@api/dekilfiles/51482/300px-

1} diffusion potential(y, ) PnJunction-E.PNG?size=bestfit&width=300&height=236&revision=1
(9 ] " http://chemwiki.ucdavis.edu/Textbook Maps/Inorganic_Chemistry
) E. Textbook Maps/Map%3A_Inorganic_Chemistry Wikibook/Chapter

— T TTTTEEmEEmEEEEEeS E; 10%3A_Electronic_Properties_of Materials%3A_Superconductors
x and_Semiconductors/10.5_Semiconductor_p-n_junctions
El’
* Ol dopeic mAelovotntog drax€Eovrol tpoc TNV AAAN MAsUPA NS EMANC
(6mou eival popeic petovotntac)
* Adrivouv miow Toug LoviopEva atopa tpoouEnc (" poptia ywpou") tou
SnuloupyolV NAEKTPOOTATLKO Tiedio

* Aoyw tou mediou oL popeic petovotntac petatonifovral niow otnv
avtiBeTn MAsupa

e Je Kkataotoon Lloopporiac, To pelpa SLaxuong Kol To PEVUOL LETATOTILONG
elval loa
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Pevpata otnv emadn p-n

E L drift (due to E-field)
, .—" Conduction Band

diffusion

e — — —“.T\ ———————— Fermi level

thermal electron-
hole pair creation

drift (due to E-field)
Il Il 1

Xp 0 Xn
- T ——
- diffusion current
_— = P IMNyn: http://wanda.fiu.edu/teaching/courses/Modern_lab_manual/
J « kK . - -
= driftcurrent - images/pn-junction_energy.png

http://wanda.fiu.edu/teaching/courses/Modern_lab_manual/pn_junction.html

Schematic of pn-junction

4}‘7

* [pooéyylon kEvwong : otn petafatikn meploxn ev unapxouvv popeic —
Hnovo dpoptia ywpou (oL dopeic petatonilovtal Aoyw tou mnediov)

e To pebpa petatorniong dev e€aptatal oo To SuVAULKO TnS emtadnc.
NeplhapBavel popeic mou dnutoupyouvtal otnv NMOX (pevpa yEveonc) Kal
dopeic petovotntag kovtad otnv NOX

* To pevpa dtayxuonc epthapfavel touc Ppopeic pe evepyela LeyaAlTepn

armo to ¢ppaypa Suvapkou. E€aptatal eKOETIKA Ao T0 SUVAULKO TNG

enadng
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: : Mnyn: http://ecee.colorado.edu/~bart/book/book/chapter4/qif/fig4 2_3.qif
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e O nuIaywyog ektocg tne NOX eival AP \

ovdetepoc (medio undey, P region 7 | —» F‘".ESS?”’
Suvapko otaBepod) I L
, , Boundary | X
° H I_I(DX 68\, EXEL d)OpEl'q aver _-‘ }‘; l_p- Neutral
I I I N region
(KlVOUHEVOL d)OpTla) * Depletion g
region

H NOX €xeL amotopa opla

Hulaywyad YAkG: Oswplia - Alatdgelg

ApICTOTEAEIO
RN TurApo HAEKTPOAGYWY MNXoWIKWY & MnXaviKwy YIOAOYLOTWOV


http://chemwiki.ucdavis.edu/@api/deki/files/51482/300px-PnJunction-E.PNG?size=bestfit&width=300&height=236&revision=1
http://chemwiki.ucdavis.edu/@api/deki/files/51482/300px-PnJunction-E.PNG?size=bestfit&width=300&height=236&revision=1
http://chemwiki.ucdavis.edu/@api/deki/files/51482/300px-PnJunction-E.PNG?size=bestfit&width=300&height=236&revision=1
http://chemwiki.ucdavis.edu/@api/deki/files/51482/300px-PnJunction-E.PNG?size=bestfit&width=300&height=236&revision=1
http://chemwiki.ucdavis.edu/Textbook_Maps/Inorganic_Chemistry_Textbook_Maps/Map%3A_Inorganic_Chemistry_Wikibook/Chapter_10%3A_Electronic_Properties_of_Materials%3A_Superconductors_and_Semiconductors/10.5_Semiconductor_p-n_junctions
http://chemwiki.ucdavis.edu/Textbook_Maps/Inorganic_Chemistry_Textbook_Maps/Map%3A_Inorganic_Chemistry_Wikibook/Chapter_10%3A_Electronic_Properties_of_Materials%3A_Superconductors_and_Semiconductors/10.5_Semiconductor_p-n_junctions
http://chemwiki.ucdavis.edu/Textbook_Maps/Inorganic_Chemistry_Textbook_Maps/Map%3A_Inorganic_Chemistry_Wikibook/Chapter_10%3A_Electronic_Properties_of_Materials%3A_Superconductors_and_Semiconductors/10.5_Semiconductor_p-n_junctions
http://chemwiki.ucdavis.edu/Textbook_Maps/Inorganic_Chemistry_Textbook_Maps/Map%3A_Inorganic_Chemistry_Wikibook/Chapter_10%3A_Electronic_Properties_of_Materials%3A_Superconductors_and_Semiconductors/10.5_Semiconductor_p-n_junctions
http://chemwiki.ucdavis.edu/Textbook_Maps/Inorganic_Chemistry_Textbook_Maps/Map%3A_Inorganic_Chemistry_Wikibook/Chapter_10%3A_Electronic_Properties_of_Materials%3A_Superconductors_and_Semiconductors/10.5_Semiconductor_p-n_junctions
http://chemwiki.ucdavis.edu/Textbook_Maps/Inorganic_Chemistry_Textbook_Maps/Map%3A_Inorganic_Chemistry_Wikibook/Chapter_10%3A_Electronic_Properties_of_Materials%3A_Superconductors_and_Semiconductors/10.5_Semiconductor_p-n_junctions
http://ecee.colorado.edu/~bart/book/book/chapter4/gif/fig4_2_3.gif
http://ecee.colorado.edu/~bart/book/book/chapter4/ch4_2.htm

MAdtog meploxnc poptiwv xywpou

* Ta poptia Ywpou otn HeTAPOTIKN
MEpLOXN €lval loa, ylati o nUIoywyoc :

—y—p

elvat nAektpka oudetepog: Nyx, = Npx,
e TLUKVOTNTA P(X) PopTiwV YWpOoU:

— p(x)=-eN, otnv teproxn p (x,<x<0) ' ~— ’

— p(x)=eNg otnv mepLoxn n (0<x<x,)
eélowaon Poisson: de(x)/dx = p(x)/g €, e
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