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THUYET ORBITAL PHAN TU

@ Nguyén 1y Pauli: méi dién tar phai nam trén mot mic nang luong khac
nhau.

(1Cé&c ving nang luong cho phép xen k& nhau, gitta chiing 1a ving cam.

UCAc dién tir trong chat ran s3 dién day vao cac mac nang lugng trong cac
vung cho pheép tir thap den cao.
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THUYET ORBITAL PHAN TU

3s valence band
(half-filled)
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Sur két hep ciza nhiéu nguyén tiz Na trong chat ran



THUYET ORBITAL PHAN TU

Electrons
s
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6N electrons
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Cdu truc electron ciza Mg trong chat ran



GIAN PO TUONG TAC NANG LUONG
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Interatomic separation

Gian d6 twong tac nang lweng electron cia 12 nguyén te theo khoang
cach nguyén tu



GIAN PO TUONG TAC NANG LUONG

Energy ——

Energy —=

Khoang cach
can bang

Interatomic ——

Gian do twong tac nang lweng electron caa N nguyén te theo khoang
cach nguyén tu



GIAN PO TUONG TAC NANG LUONG
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CAU TRUCVUNG NANG LUONG
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a- Chat cach dién; b - Chat ban dan; ¢- Chat dan dién
@Xét trén lop ngoai cung:
(1 Ving ning lugng da dugc dién day cac dién tir hoartri - “ving hoa trj”
U VUng nang luong trong hodc chuadién day trén vang héatri - “ ving dan”
(1 Viing khéng cho phép gitra ving héactri vaving dan - “viing cam”



PHAN LOAI VAT LIEU KY THUAT DIEN

1. Siéu dan (superconductor):
+ Loal 1: kimloal (Hg, MgB.,)
+ Loai 2: gom (YBCO, BSCCO)

2. Dan dién (conductor):
+ Tuyén tinh: kim loai (Ag, Au, Cu, Hg, W)
+ Phi tuyén: hop chat ion (ZnO, diot)

3. Ban dan (semi-conductor):

+ Nguyén ta: S, Ge, a-Sn, C

+ Hop chat: GaAs, AIAS

+ Hitu co: polymer dan dién

+ V0 co: ITO, YSZ, BaTliO,

4. Pién mai (dielectric):

+ Tuyén tinh: Al,O,, SIO,, ZrO,

+ Phi tuyén: BaTiO,, PZT

Cach dién (insulator): gom s, thiy tinh, Al,O,




PHAN LOAI VAT LIEU KY THUAT PIEN

Vit liéu Do dan riéng (S/m)

Kim loali 10° — 107
Chat dan electron | Ban dan 103 — 10

Gom céach dién < 1010

Tinh thé ion 1016 — 102
Chat dan ion Chat dién giai ran 101- 103

Chat dién giai long 101-103




HAM PHAN BO FERMI

E
A

F(E) =

/

Ey > Valence band

O
—~— (E)—

E; laniang lweng cao nhat cia dién tir khi nhiét do 0 K
F(E) la ham xac suat vé sw phan bo nang lweng dién tir



HAM PHAN BO FERMI

— Ep > Valence band

1 0
~—f(E)—

Figure 15.6
AtT > 0 K, the Fermi function, f (E), indicates promotion of some electrons above EF.

Khi nhiét dé 16n hon 0 K, mét sé electron c6 ndng lwong E>E, - E <1



HAM PHAN BO FERMI

—»| |=—kT for 1,000 K
. . —»| |«— kT for 300 K
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Figure 15.7

Variation of the Fermi function, f (E), with the temperature for a typical metal (with Ep = 5 €V).
Note thal the energy range over which [ (E) drops from 1 to O is equal to a few times kT .



HAM PHAN BO FERMI

Conduction band

Valence band

1 O
—~—f )

Figure 15.8

Comparison of the Fermi function, f (F), with the energy band structure for an
insulator. Virtually no electrons are promoted to the conduction band | f(E) — O
there ] because of the magnitude of the band gap ( =2 eV).



HAM PHAN BO FERMI

Conduction

Area o« number conduction -
]( band

electrons
Mrea o« number

electron holes

Each electron promotion —=—

Electron—hole pair

—

Figure 15.9

Comparison of the Fermi function, f(FE), with the energy band structure for a
semiconductor. A significant numbeyr of electrons is promoted to the conduction
band because of a relatively small band gap (<< 2 eV). Fach electron promotion
creales a pair of charge carriers (i.e., an electron-hole pair).



PIEN THE VA PIEN TRUONG

Pién trwong xuat hién khi cé sw khac nhau vé dién thé giira 2 diém
Dong dién la dong di chuyén ciia cac phan tir mang dién dwéi tac
dung caa dién trwong

L

—
- +

g=Y

L

Dé don dian, thwong xem dién thé cuc

diwong la“ V" vadién thé cyc amla o (tiep
dat)
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PINH LUAT OHM

V=IR
pienthé ~— /T~ pientré
Voltagedrop (V) Resistance (2)
Cwong do dong dién
Current intensity (A) mNéng lwongy

bién tré suat - Resistivity, p:

RA . —— Diéntich cit ngang *- @‘

r =— (m?)
b chitudai m)

P§ dan riéng - Conductivity, o: § = — (S/m)
I



SU CHUYEN PONG CUA ELECTRON

Dudi téc dung cuadién truong, eectron di chuyén

Téc do di chuyénlav: v = w. E

u lahé so dich chuyén (electron mobility), don vi (m2/V.s)
Goi n la phan t# mang dién trong mét don vi thé tich (1/m3)
| =q.n.v.A =q.n.uEA

| =q.n.u.E . B

Scattering events

i

—=4ag.nu =

£ q o=2F.Cu
F = 96500 (C/mol) P
z. dién tich cia phan ti

C: nong do phan ti (mol/m?) | |

Net electron motion !

[ 0




PO DAN MOT SO KIM LOAI

Electrical Conductivity

Metal [(Q-m)~"]
Silver 6.8 X 10’
Copper 6.0 X 10’
Gold 43 X 10’
Aluminum 3.8 X 10’
Brass (70Cu-30Zn) 1.6 X 10’
Iron 1.0 X 10’
Platinum 0.94 x 10’
Plain carbon steel 0.6 X 10’
Stainless steel 0.2 X 10’




PIEN TRO SUAT CUA KIM LOAI

Temperature (°F)

bién tré suat caa kim
loal thuec:

Protal = Pr T P T Pa
Do nhiét do (thermal):

pr=pyt+al

- Tuyén tinh trong khodng
nhiét do > - 200 °C
- po, @ la cac hang so phu

thuoc kim loai

Electrical resistivity ( 108 Q-m)
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| | | | | |
- Cu + 3.32 at% Ni ]
:_________ Cu+ 2.16 at9% Ni —
————— '...
Cu+ 1.12 at% Ni
'_”_____1-- Pi
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Temperature (°C)
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DIEN TRO SUAT CUA KIM LOAI

Do tap chat - Impurity:

p; = Aci(1 — ¢;)

Gan dung:

Pi = PaVa t PV
- Alahang s6 phu thugc kim logi

chinh va tap chat

- ¢ la phan mol tap chat kimlogi
- p, V. 1a dién tré suat riéng va
phan thé tich cia kim logi a

Do bién dang - Deformation (p,)

Electrical resistivity (1078 (1-m)

. | | | |
0 10 20 30 40 50

Composition (wt% Ni)

Pién trg sudt cia hep kim Cu-Ni
theo thanh phéan tap chat



VAT LIEU BAN DAN

o —
SE =
'-'.::E —
5 — | Free
T O = I electron
> €&
o5 88 .1 Electron
[l m ® ®
@ excitation
=
L
@ =< .
e g %\_ Hole in
Lo < valence
< e band
q:\-

Ban dén tinh khiét
DPon chat: Si, Ge

C6 2 loai phan tiz mang dién:

@ Electron tu do (free electron)
0 Mang diéntich am

U Thudc vung dan

@ L6 trong (hole)

0 Mang dién tich duong

U Thuoc dung hoartri

Ban dan co phu gia

Ban dan logi n

Hop chat: GaAs, InSb, CdS, ZnTe, TiO, Ban ddn logi p



VAT LIEU BAN DAN

Si \Y; 1.11 S dung phd bién nhat (1)

Ge \Y; 0.67 Cam bién bat séng radar

SIC AV 2.3 Pben LED mau vang

BN -V 6.36 Ben LED vung t& ngoai

GaP 11-V 2.26 Pen LED mau dé/vang/ xanh gia ré

GaAs llI-V  1.43 Pén can hdng ngoai, té bao pin mét troi (2)
GaN 1I-V 3.44 ben LED xanh dwong va tia laser xanh dwong
AlGaN lI-V 3.44-6.28 Diod phat tia laser xanh la cay

CdsS 1-VI 2.42 Té bao pin mat tréi dau tién

ZnO oxide 3.37 Xuc tac quang hoa

TiO, oxide 3.20 Xuc tac quang hoa

Cu,O oxide 2.17 B& tach séng, chat ban dan dwoc nghién clru dau tién
BaTiO, oxide 3.0 Chat sat dién, chat ap dién




CO CHE DAN DPIEN

Khéi niém vé electron va lé trong (hole)

electron ® holee

il aDE

/ o S6 16 trong/ms3
Do dan cra ban dan: ‘(

s =ndu, + pau, ~__

S6 electron/ms3 \‘|§ so dich chuyén
electron

trong

Hé sb dich chuyén 16



SO PHAN TU MANG DIEN

Véi ban dén tinh khiét — Crocman— o

e
Khuyét tdt néi tai O, ‘@_D. ‘3® ‘O@‘_@

+ DD Wy ‘_.,"‘ —
n=p=n @ @_ @ @ 0%
+—e e .7
np=n? © 9GS
s = njel(U+ Uy) =
Vd: GaAs
4 S 10°°(Wxm)

. g, +u, )~ (1.6x10 °C)x(0.85+0.45) m*/V >9)

n, = 4.8x 10 m3



TINH CHAT VAT LIEU BAN DAN

Mot so gia tri vat ly caa vat liéu ban dan

Electrical
Band Gap Conductivity Electron Mobility Hole Mobility
Material (eV) [(Q2-m)1] (m*/V-s) (m?/V-s)
Elemental
Si 1.11 4 x 107 0.14 0.05
Ge 0.67 2.2 0.38 0.18
III-V Compounds
GaP 2.25 — 0.03 0.015
GaAs 1.42 107° 0.85 0.04
InSb 0.17 2 X 10 F:7 0.07
II-VI Compounds
CdS 2.40 — 0.03 —
ZnTe 2.26 — 0.03 0.01




ANH HUONG CUA NHIET PO

Dan
electron

Dan theo
|6 trong

T=0K T=300K

Nhiét dd tang lam méat dd electron trén viung dan tang, dé dan

dién caa vat liéu ban dan tang



ANH HUONG CUA NHIET PO

U o tang nhanhtheo T

U Nguwoc vai kim loal

Intrinsic carrier concentration (m
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s =nldU,+U,) n =n,.e =

_1in - EM/KT _EP /KT
Un_Uo-e m Up:Ug).e i

E,. 1a ning lweng dich chuyén

V.@t liéu E, - band gap (eV)

S 1.11
Ge 0.67
GaP 2.25
CdS 2.40
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BAN DAN LOAI N

Khi cho phu gia co hoa trj cao hon (N, P, ,...), thira electron
(electron donor ), dé tao electron ti do

o Free (conduction)

electron from
Sh atom Conduction band

Eq

' <€

u’ '
t A

L i
e &= e
e e e

e e e

Valence band

Eo: nang lweng donor
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BAN DAN LOAI P

Khi cho phy gia c6 héa tr; thap hon (B, Al, Ga,...), thira electron
(electron donor ), dé tao electron t do

Hole caused by
B atom addition

+ E il £ [ Eg
- — _t_ — _Ilr _________
Electron from B C e F e f
in covalent bond . € &
with Si Valence band

E,: nang lwgng acceptor
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BAN DAN CO PHU GIA

Silicon Germanium

Dopant £, £, E, £,

P 0.045 0.0120

As 0.049 0.0127

SO 0.039 0.0096

B 0.045 0.0104
Al 0.057 0.0107
Ga 0.065 0.0108
N 0.160 00117

Nang lwong donor va acceptor (eV) khi Si va Ge dwocc thém phu gia (doping)



BAN DAN CO PHU GIA

n_type silicon Temperature (°C)
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21/3 21
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BAN DAN CO PHU GIA

OQeOe e e
 JOX XOX XOrsie

Ban dan khuyét tat thura

(£n.,,0) )
1 OeQeNeNe OF
24
¢ 0%0e00e0O O
OCQeOeOe e
 NOX NOX NOX NO
Conduction {- 4-
band
Zn* nhw la tiéu phan cho T———ww———-. Donor

level

electron (electron donor) vValence
i XL



BAN DAN CO PHU GIA

HON-NON:-NON-NO K-
OQoeOeOoeQe O°F
HON NON-NOR:-ROX- oM
OoQOeQeDe ¢

Vacancy

¢ Oe Qe ee

Ban ddn khuyeét tdt thiéu _
: Conduction
(Ni,O)
band :

Ni3* nha |a chdt nhéan Acceptor

electron .
(electron acceptor) Valence
band
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VAT LIEU CERAMIC

Paso ladan dién kém vi E; khalon.

TUy theo cdu trdc tinh thé, cau hinh eectron, nhiét dé ma co thé |a chat

cach dién, dan nhue kim logi, ban dan kiéu p/n, hay ddn ion (chat dién giai

ran)

Nguyén tic biao dam: ¢ = ¢, + 6, + o},
VD:

TiO, VO: dan dién nhu kim logi
Cu,0, MnO,: ban dan

NiO, CuO: cach dién

Fe,O,, LiV,O,: dan dién nhu kim logi
Mn,O,, LiMn,O,: cach dién, ban dan

Bé tong (kho)
Thuy tinh Natri
Si

Thuy tinh Bo
NhOm oxit
Slic oxit

109
1010101
10-10 _ 10-12
~ 10-13

< 10—13

< 10—18
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CO CHE DAN ION

VD: sy di chuyén cia Ag" trong mang tinh thé AgCl dudi tac dung

cuadien truong.
g Cl g R
s D Tl i i Tl
A
A%# 0:
| AG- Cl Ll g2 Cl
g I . L §
Co che tructiep
g cl A g ne
% J (JI 7 J (JI
Ag,
Agl ~ ’
Cl Ag> Cl P g1 Cl
g L - y " :

Co ché gian tiép



CO CHE DAN ION

0
(L: '|I
'\II Al
Al Spinel layer
—
Direction of sodium
‘1] 1"] 10 :'I'll_:_'l';|-||\"|'l
— 1'.'}!( - [‘.:f - —
"’f_\’:l —
‘ l ! Spinel layer
Al°
fﬁ Al f"r f“"ﬂ Direction of sodium
,X' O 1on migration
———— Na U Ma 1\ l ——
Al
Spinel layer
Al Al
f
I
0 0

Na S-Al,O, (Na,0.11A1,0,) véi ion Nat di chuyén giza cac lép spinel
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0 Pa o vat liéu hitu co dan cach dién vi E; rat Ién va khéng co
electron ty do.

U Khi thém phu gia dan dién, vi du cacbon + nylon 6,6 thi vat liéu
dan dién duoc do cachbon.

U Tuy nhién, khoa hoc hién dai da ph& minh ra 2 loai polymer dan
dién méi 1a dan theo electron lién hep va déan ion.

Phenol-formal dehyde 109 — 1010

Poly(methyl methacrylate) <1012

Nylon 6,6 1012 — 1013 B4 din
Polystyrene < 1014

Polyethylene 1015 — 1017 - ] %
Polytetrafl uoroethylene < 1077 S =5,€
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POLYMER DAN ION

PLMA-b-P(LIMA--OEM) Symbols

A CH;
Q
e e |5
( @ [l_‘.=(}
ofcn, ~CH

PLMA-b-PLIMA-b-POEM) cH

|
—CH~(—
A 2
’l ?ﬁﬁ?ﬁ}@é‘%@@mm
5 0o
. Li®

P(LMA-r-LiMA)-b-POEM) CH,

e *

0P

Polymer dan ion Li*



POLYMER DAN ELECTRON

Polymer dan dién da dugc phat
minh vao nam 1970 va dat giai
Nobel nam 2000

_-:... - - | ' '-
e s : '
| i : = |
9 B
.ﬁ . e
N

- #}-"ﬂ’ﬂ l -h
eh A
‘. 1_:-.:_ :.-.- . o ' :'-.I_ .
Alan J. Heeger

Alan G MacDiarmid‘ Hideki Shirakawa

Professor at the University of Pennsylvania, Professor Emieritus, Professor at the University of California
Philadelohia. LISA. University of Tsukuba. lapan. at Santa Barbara. LSA




POLYMER DAN ELECTRO

Polymer E, (eV)
Polyacetylene (PA) 1,4
Poly(3,4-ethylenedioxythiophene) (PEDOT) 1,5
Polythiophene (PT) 2,0
Poly(phenylene vinylene) (PPV) 2,5
Polyaniline (PAN) 3,2
Poly(para-phenylene) (PPP) 3,5
Al v el 2 A A 36
N /N L @ NH) Do dan
\ /N — £,
~ Polypyrrole =2 Polyaniline S =S,.€ “




POLYMER DAN ELECTRON

CAu truic ciia polymer trans-PA khong
co tinh dan dién

Cau truic ciia polymer trans-PA khi c6
chat doping

H H H H H

R
NN NENANS NS NN
I I I | I | I

-
l'-h

Doping boi oxi hoa voi
hal ogen (p-doping)
3X _—
(CHn)+?I ® (CH,) +1;

Doping béi khtr val kim
loai kiem (n-doping)

(CH.)+xNa® (CH, )" +xNa’



POLYMER DAN ELECTRON

Ho halogen Br,, |, Cl,
Acid Lewis BF;, PR, Ask, SbF, SO,
Acid proton (acid chea H*) |[HNO,, H,SO,, HCIO,, HF, HCI, FSO;H

Halide cua kim loal

chuyén tiép

FeCl,;, MoCl, WCl., SnCl,, MoF,

Ho amino, cac loal acid

sinh hoc

glutamic acid, uridylic acid, protein, enzyme

Céc chat hoat tinh bé mat

dodecylsulfate, dodecylbenzenesulfonate

Polymer

poly (styrenesulfonic acid)




U Do sw chuyén dich twong déi ciia dam may dién ti va hat nhan
nguyeén tw

U Do si chuyén dich twong déi cia cation va anion trong chat ran
(1 Do ¢6 san céc lwéng cuc nhue H,0, HCI, CH,CI, BaTiO,,...

O Xudt hién lép dién tich kép giga chdt dién gidi va dién cuc
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€ €
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—_ _

Applied
No field € field

&=

Force
(D=~
Electronic polarization P, . .

0:0:0 @ @0 - &
o(He()e o (He (He
©:0:® @00 17 S

\5\\\‘ P
o(He(e o (e (e ) ™~
lonic polarization P Momen lwong cuc va s phan
P=P+P+P cuc dinh huwong P, (P,)

Khi dat trong dién truong, trung tam cua cac diéen tich am khong con phu hop
Vol trung tam cua dién tich diwvong nhu ban dau



MOMENT LUONG CUC

M oment lwéng cuc cia chat ran:

P, = qd N 1

g: dién tich caadién tu

d: khoang céch gitta trung tam dién tich P ad

duong vaam

Mat do dién tich:
D=09/A=¢E=¢, g.V/d

= P
D €0 B D6 phancuc P: P = —

P=g,(g -1).E



TINH CHAT PIEN MOI - TU PIEN PHANG
Q=CV

A AV
C=ee,— —ee
d Q ro d

Q: Pién tich (Coulomb)

C: Pien dung (Faraday)
A: Di¢n tich ban tu dién (m?) a0

\: Pién thé (\Volt)

1 | <

b= N I R
d: Dol dayilin) FETaE e e 0 0 A e e e e e :
1/ _
< y &Y / ) - . 7; : t_ : ,; 7; ****** 1 i
e: hang so dienmoi chanknong AL L LT e
ffffffffff 7 ”
ffffffffff 7 ¥
= 8.854x10% C?/n¥ or F/m e M/
7 g - g y Dielectricﬂ\ p 2 S ;
e. = K: hang so dien mai - dielectric ¢ o ' hfase

constant
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VAT LIEU AP PIEN

Vat liéu 4p dién: dung ap suat tac dung |én vat liéu deé tao ra dong dién

Piezoelectric Materials

l l lli + + + + + +

21218 [3]8]8 21T L
212lel (el3lgl T elelel T

Binh Neén tao ra Cho dién thé vao
thwérng dién the gay ra sw gién

Str dung dién thé dé thay doi kich thwéc vat liéu

— ng dung lam co bap nhan tao, rd bot



