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SO I ar C el I ; CHEE A2l=(Multi crystaline slicon) A

CHEA 22|&(Mono crystaline slicon)

I

H|&%E Al2|2(Armorphous slicon)

CdTe(Cadmium Telluride)
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CISA (CulnSe, or Cu[In,Ga]Se,) |

GaAs(Galium Arsenide)

| Dye - TiO, |
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- Solar cell & Semiconductor

- Band gap(quantum mechanics)

- Carrier(Absorption & Recombination)
- Lifetime & Diffusion Length

- Doping(Fermi level)

- PN junction
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emiconductor - Band gap

Conduction band

LUMO electron
(Lowest Unoccupied Molecular Orbit)
Band gap E,
HOMO
(Highest Occupied Molecular Orbit) hole
Valence band
E MBOILIXICE

Inorganic semiconductors: 1 ~ 2 eV 1 al
Organic semiconductors: 1.7 ~ 3eV & i

SXIoiux| 3

E.

Sii 1.17 @ OK, 1.11 eV @ 300K
Ge: 0.774 @ OK, 0.66 eV @ 300K
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overlap

Conduction
band

" B Fermi energy | oand 9ap

valence
band

Increasing energy

metal Semiconductor insulator
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700 nm
1.77 eV

E photon = hv
Vo = 6:22x10° mis

550nm = 2.96x10° mis
2.25eV
400 nm
e 3.1eV (o)
’ *
no o o
electrons o o
s +

Patassium - 2.0 eV needed to eject alactron
Photoelectric effect
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— Planck's
formula

b experlmeﬂt

< E} _ kpv E photon = hv
B =
g e* =1 1???‘{}?‘::1!

35;5-16"& V0 = 2.96x10° mis

U - _ 87 he =8ﬂhc .1 ' 400 nm
~al LA xe'”%l 2 M _3 % [o) I%: o)
no o .’

du =(8m/2 J hv " 87hv’ 1 electrons

" = d v C3 % 1 63 ehv-'kT —l Patassium - 2.0 eV needed to eject slectron
2 A .
M'& Photoelectric effect
1259
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Wave length

Voo = 6.22x10° mis

®
v

Inensty of caviy radiation
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A= | X] (eV)
4 4 3 V‘ § B=2e 0

( ol A \ n=>5| —0.54

[l n=4| —0.85
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de Broglie suggested that p = h/A not only to photons but also to electrons

- —
. h

A =— (deBroglie wavelength)
P
p—
Circular
. diffraction
Incident beam ring
(x rays or electrons) |
| From electrons
— Target
(aluminum
crystals)
Photographic
film

(a)

TEM: Transmission Electron Microscope
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Semiconductor

Valence
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Co-valent //”‘\ e
N Bonds —p, k

A Silicon Atom, \' 3 ° + < Shell(m) e

Atomic number =147

s .,f”.’“?q"-"‘*?{”"\, Energy Energy
1 @) S I I ] levels bands

Silicon atom showing / Shared

4 electrons in its outer \\\ o G Electrons One tWO thfﬂﬁ many
sl atom atoms atoms atoms

Silicon Crystal Lattice
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- Solar cell & Semiconductor

- Band gap(quantum mechanics)

- Carrier(Absorption & Recombination)
- Lifetime & Diffusion Length

- Doping(Fermi level)

- PN junction
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E photon = hv

Conduction
band

A

Band gap

v

valence
band

]




I Carrier - Intrinsic Carrier concentration

Conduction
band ni(T) = 5.29 x 10'(T/300)** exp (—6726/T)

A

Intrinsic Carrier Concentration, n=8.3 x 10° cm™

, Band gap In T = 300K

valence
band

Si
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Recombination & Lifetime(Diffusion Length)

Conduction
band

® O L =+vDt.

A

where:

“"'\f\/\d— Band gap L is the diffusion length in meters;

D is the diffusivity in m?*/s and
1 is the lifetime in seconds.

valence
band

Si
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I Fermi level

1
HE) = —& &
e( el +1
Cot:.:?on w Cogd.t:dnon HE) 1K< T, K< TK
E 1.0
P At absolute High
Fermi zero, 0K Temperature
tevel | 1  [777TTOSOOY 0 TN ‘“--E
HE) \ {(E) 0.5
o - o
0.0

No electrons can be above the valence

Al high temperatures, some electrons

band at OK, since none have energy
above the Fermi level and there are
no available energy states in the band

gap.

can reach the conduction band and
contribute to electric current,

https://en.wikipedia.org/wiki/Fermi level I
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https://en.wikipedia.org/wiki/Fermi_level

- Solar cell & Semiconductor

- Band gap(quantum mechanics)

- Carrier(Absorption & Recombination)
- Lifetime & Diffusion Length

- Doping(Fermi level)

- PN junction
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Doping

Vv .

e Donor

« a dopant atom that, when added to a semiconductor, can form a n-

type region
P, As, Sb, Bi

An Antimony Atom,
Atomic number = 51

Antimony atom showin
electrons in its outer

walence shell {o)

5

* Accepter
type region

« B, Al Ga

Co-valent P

Bonds —,” Ve
+
\ 1 @ ;

_,,-"FF.F""‘.\_ ..,:.‘:_:: !___.--I-..._'.‘
s h!
-3 MOR
a i ; '
\"\ s S —_ s Y !
-y e T -y
£ R
Impurity Atom : ® '}F
(Donaor) \ ; Shared
\
- P Electrans
T
N-Type

Semiconductor

https://en.wikipedia.org/wiki/Donor_(semiconductors)

A Boron Atom,
Atomic number = 5
-
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If %
¥ *l
WA )
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o —

Boron atom showing 3

electrons in its outer

valence shell (L)

» a dopant atom that when added to a semiconductor can form a p-

Co-valent Pt B

Bonds —,/
\
X, ; ),  Hole
. /

- g B
/ N
Impurity Atom [ @ ,
{Acceptor) 1\ f Shared
AN L Electrons
—
P-Type
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@ Electrons @ Holes P Ionized Donors

An Antimony Atom,

Alomic number = 51

An
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tirnon ﬂtam showing 5
ectrons in its outer

valence shell (o)

a2
) NoPo =N,
C;—::‘;nl ;,"' \\\ Frze Electron )
T
* , . _ — i A Boron Atom,
\ '~ ‘/‘ n-type: ng = ND ) Po = N Atomic number = 5
- - D .
~ ‘F-_.- =N

‘ @
. \J . 1.] "\ oy
iz

Boron atom showing 3

2
mpu m : =N n =£L ectrons in its outer
| p{n’L?.lﬂ;u Shared P-type: Po A, 70 Na Elv:::mce mlfaumu.;
. Electrons
N-Tvpe Majority carriers ~1017¢m™3
Semiconductor

Minority carriers ~10%¢cm™3

@ Electrons @ Holes & Ionized Acceptors

Ca-valent Pt
Bonds —b;’

Impurity Atom !
{Acceptor) 1\

Semiconductor
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Fermi level

1
f(E) =
(E - E- VKT
e & EIT Ly
Conduction Conduction Conduction HE) T1K<T, K< T3K
Band Band Band
Egap At absolute Some electrons have High
zero, OK energy shove the Fermi Temperature
Fermi | LN TE LN ,
Level -
f(E) f(E) : f(E)
Valence Band |~ thmceaund‘z; vunncqaandlz;
CUB-vaIent ‘.‘ Free Electron
No electrons can be  An Antimony Atom, onds —hr

band at OK, since no
above the Fermi leve

/
Atomic number 51 & @ cl A Boron Atom, & \ @ .-?
al  Atomic number = 5 M-
" ~. P » -~

..
'.-.-. P
. £

'i s

P N s N
no available energy ¢ :.:ulr \I\ X al ! @ ?( :ﬂl '; / f.\’\i N @ ?ﬁll :ﬂll @ ';
* | | | .
gap. W) g t \ \ ] @ \ 1 % ;
\:L\.“-.....-r” ‘. 7 "{\ s izl i N e — gl S e
ey ~ {,-:':_.. 3 -y ‘ -y {,H"___.- 3 -
Antimony atom showing & Impurity Atom [ 1 Boma aton] s‘humnq 3 Impurity Atom [ 4
P * ] electrons in its outer * Shared
electrons in its outer (Donaor) \ / Shared lence shell (L {Acceptor) \\ J are
valence shell {0) A L Electrons valence shell (L) 7 Electrons

Semiconducior j&[@m@edla org/wiki/Fermi level
25
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https://en.wikipedia.org/wiki/Fermi_level

r

Fermi level

A Boron Atom,
Atomic number = 5

Boron atom showing 3
electrons in its outer

valence shell (L)
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Metal

L

A Silicon Atom,
Atomic number =147

Silicon atom showin
4 electrons in its outer

valence shell (m)

Semimetal
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Silicon Crystal Lattice
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- http://mae488jhpark.blogspot.com/2014/06/soft-tactile-sensor-piezoresistive-type.html

- http://study.zum.com/book/14150

- https://m.blog.naver.com/PostView.nhn?blogld=toshizo&logNo=221203360954& proxyR
eferer=https%3A%2F%2Fwww.google.co.kr%2F

- http://blog.envision.co.kr/63

- http://linkis.com/m.blog.naver.com/ske/oLIhN

- http://blog.naver.com/PostView.nhn?blogld=moonuga&logNo=221284904618&categor
yNo=0&parentCategoryNo=0&viewDate=8&currentPage=1&postListTopCurrentPage=1
&from=postView&userTopListOpen=true&userTopListCount=10&userTopListManageOp
en=false&userTopListCurrentPage=1

- http://m.blog.daum.net/windada11/8767753?tp_nil_a=1

- http://www.physics.udel.edu/~watson/scen103/99s/clas0416.html

- https://energyeducation.ca/encyclopedia/Band_gap

- https://ko.garynevillegasm.com/obrazovanie/73755-absolyutno-chernoe-telo-i-ego-
izluchenie.html

- http://cikguwong.blogspot.com/2013/07/physics-form-5-chapter-4-doping-of.html



