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2.1 Vat liéu ban dan



Control of Conductivity is the Key to
Modern Electronic Devices

0 Conductivity, o, 1s the ease with which a given
material conducts electricity.

O Ohms Law: V=IR or J=6E where J 1s current density
and E 1s electric field.
Metals: High conductivity
Insulators: Low Conductivity
Semiconductors: Conductivity can be varied by several
orders of magnitude.

O It 1s the ability to control conductivity that make
semiconductors useful as “current/voltage control
elements”. “Current/Voltage control” 1s the key to
switches (digital logic including microprocessors
etc...), amplifiers, LEDs, LASERs, photodetectors,
etc...



Classifications of Electronic Materials

0O Electrical/Computer engineers like to classify materials based
on electrical behavior (insulating, semi-insulating, and
metals).

O Materials Engineers/Scientists classify materials based on
bond type (covalent, 1onic, metallic, or van der Waals), or
structure (crystalline, polycrystalline, amorphous, etc...).

O In 20-50 years, EE’s may not be using semiconductors at all!!
Polymers or bio-electronics may replace them! However the
materials science will be the same!



Material Classifications based on Bonding Method

O Bonds can be classified as metallic, Ionic, Covalent, and van
der Waals.

lonic Bonding: One atom acquires and holds Covalent Bonding: Atoms share electrons with the
the electron(s) of an adjacent atom. Bonding surrounding atoms. Bonding is moderately weak.
is coulombic and strong.
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Material Classifications based on Bonding Method

@ & © ©

Metallic Bonding: Atoms give up electrons to the surrounding Y'an der Waals Bonding: Neutrally charged molecules form
regions, forming an “electron cloud”. Bonding is coulombic  dipoles which are attracted to other dipoles. Bonding is
but weak due to screening of charge. extremely weak, but long chains can form.



Phan loai vat liéu dua trén cau tric tinh thé

O Amorphous Materials (Vit lieu vo dinh hinh)

Céac nguyén tir khong co trat ty nhu cau tric tinh thé. TD: SiO,, Si
vO dinh hinh, S1;N,, ... Mdc du khong hoan chinh nhu vat li¢u tinh
the, 1op vat li€u nay cling rat htru dung.

O  Crystalline Materials (Vit liéu [don] tinh thé)
Puoc dic trung boi d6i xtmg nguyén tir lp lai trong khong gian.
Dang cua té bao don vi phu thudc vao su lién két cua vat lieu. Cac
Cau truc t€ bao don vi thong dung nhat Ia kim cuong, zincblende
(mot dan xuat cua cau truc kim cuong), hexagonal, va muo1 da (lap
phuong don gian).

0 Polycrystalline Materials (Vit liéu da tinh thé)
Gom nhiéu mién vat liéu tinh thé. Mdi mién dugc dinh hudng khac
voi cac mién khac. Tuy nhién trong moi mién, vat lidu 13 tinh thé.
Kich thuéc moi mién c6 thé vai nm3 dén nhiéu cmd.



Phan loai vat liéu dua trén cau trac tinh thé

{a) Amorphous (b)) Polycrystalline (<) Crystalline
No recognizable Completely ordered Entire solid is made up of
long-range order In sEEments atoms in an orderly array

General classification of solids based on the degree of atomic order: (a) amorphous,
(b) polycrystalline, and {c) crystalline.



Pi1én dan suat va dién trd suat cua chat cach
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Element Semiconductors
(Cac chat ban dan nguyén to)

Bang phan loai tuan hoan cua vat liéu ban dan

Period Column II [1I A% \% VI
2 B & N O
Boron Carbon Nitrogen Oxygen
3 Mg Al & P 5
Magnesium Aluminum Phosphorus Sulfur
4 /n Ga £ As Se
Zine Gallium Cermanium Arsenic Selenium
5 Cd In Sn Sb Te
Cadmium Indium Tin Antimony Tellurium
6 Hg Ph
Mercury Lead
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Compound Semiconductors
(Céc chat ban dan hon hop)
[Hop chat ban dan]

0 Nhitng nim gan day nguoi ta sir dung nhiéu cac chat ban dan
hon hop trong nhiéu loai dung cu ban dan.

0 Co cac chat ban dan hon hop tir 2 nguyén t6 (nhi hop), 3
nguyén to (tam hop) va 4 nguyén to (tt hop).

0 Nhiéu chat ban dan c¢6 cac tinh chat dién va quang khac véi
Silicon. Pic biét 1a GaAs dugc dung lam vt liéu chinh dé
ché tao cac dung cu trong cac ung dung quang dién tir va
chuyén mach toc do cao
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Cac chat ban dan nguyén t6 va hon hop

TABLE2 Semiconductor Materials?

General Semiconductor
Classification Symbol Name
Element Si Silicon
Ge Germanium
Binary compound
7/ L SiC Silicon carbide
1 1 Y AlP Aluminum phosphide
AlAs Aluminum arsenide
AlSh Aluminum antimonide
GaN Gallium nitride
GaP Gallium phosphide
GaAs Gallium areside
GaSb Gallium antimonide
InP Indium phosphide
InAs Indium arsenide

InSb Indium antimonide

13



Cac chat ban dan nguyén to va hon hop (tt)

e R Wt

e T e e e T B e B

| Y e T ZnO Zinc oxide
ZnS Zinc sulfide
ZnSe Zinc selenide
ZnTe Zinc telluride
Cds Cadmium sulfide
CdSe Cadmium selenide
CdTe Cadmium telluride
HgS Mercury sulfide
| B PbS Lead sulfide
PbSe Lead selenide
PbTe Lead telluride
Ternary compound Al Ga,_As Aluminum gallium arsenide
Al In, As Aluminum indium arsenide
GaAs,_ P, Gallium arsenic phosphide
Ga,In,_As Gallium indium arsenide
Ga,In, P Gallium indium phosphide
Quaternary compound AL Ga,_As Sb, Aluminum gallium arsenic antimonide
Ga,In,_As, P, Gallium indium arsenic phosphide
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2.2 CAu tric tinh thé co ban
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Khai niém mang va te€ bao don vi

0 Ta s& nghién ctru vat liéu ban dan don tinh thé, ma trong do
cac nguyén tir dugc sap xép tuan hoan trong khong gian.Sy
sap xép tuan hoan ciia cac nguyén tir trong tinh thé dugc goi
1a mang (lattice).

0 Trong tinh thé, nguyén tir s& dao dong (do nhiét) quanh 1 vi
tri ¢6 dinh.

0 Véi ban dan cho truée, cb #é bao don vi (unit cell) da1 dién
cho toan bo mang [tinh thé]; bang cach lip lai té bao don vi
trong tinh thé ta c6 toan bod mang tinh thé.
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Té bao don vi

O Té€ bao don vi ¢o thé dugce dac trung béng vector R (duogc tao
thanh tur cac vector a, b, ¢ [cac yector nay khong nhat thiét
phai vudong goc voi nhau va chiéu dai cta chang c6 thé bang
hay khong bang nhau] va cac s6 nguyén m, n va p)

R =ma + nb + pc

O Cac vector a, b, va ¢ dugc goi la cac hang so mang (lattice
constants).

Fig.2 A generalized primitive unit cell.
17



Mot so té bao don vi tinh thé 1ap phwong co ban

o Cac té bao don vi khac nhau dua trén cac té bao don v1 lap
phuong: té bao don vi 1ap phuong don glan (SC), té bao don vi
lap phuong tap trung bén trong (BCC), va té bao don vi lap
phuong tap trung bé mit (FCC)

p\

(a)

Fig.3 Three cubic-crystal unit cells. (¢) Simple cubic. (b) Body-centered cubic. (¢) Face-

centered cubic.,
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Cau truc mang tinh thé kim cwong
Silicon va germanium c6 mot cau tric tinh thé kim cuong,

Cau tric silicon thudc vé 16p nhiing té bao don vi lap phuong
tap trung bé mat. Té bao don vi silicon gom co6 tam nguyén ti
silicon.

Cau truc c6 thé dugc nhin thay nhu hai mang tinh thé con (be

mit) thAm nhap nhau véi mot mang con duoc doi chd bai mot
mang con khac bang % khoang cach doc theo dudng chéo bén
trong khoi 1ap phuong

Hau hét nhung chat ban dan I1I/V tang truong theo mang tinh
thé zincblende, ma dong nhat vdi mot mang tinh thé kim cuong
chi co dicu mot trong so nhu:ng mang tinh thé con té bao 1ap
phuong tap trung bé mat co nguyén tu gallium (Ga) va nhiing
nguyén tur arsenic (As) khac.
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Cau tric mang tinh thé kim cuong (tt)

“"%S !/H\.Qf : T
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Fig. 4 (a) Diamond lattice. (b) Zincblende lattice.
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Cac mat phang tinh thé va chi s6 Miller

0 Céc tinh chat tinh thé theo nhiing mat phang khac nhau thi
khac nhau va nhirng tinh chat dién, nhiét, va co c6 thé phu
thudc vao hucrng tinh thé.

0 Cac chi so [Miller] dung d¢ dinh nghia nhitng mit phang
trong tinh the.

0 Thi du: Xac dinh mit phang tinh thé

Mit phiang g1a0 Vo1 cac tryc toa do tai a, 3a, va 2a. Lay
ngh1ch dao cua cac toa do nay ta dugc 1 1/3 va 1/2. Ba s0
nguyen nhd nhat co cac ti s6 6 2 va 3. Nhu vay mit phang
nay co6 thé dugc xem nhu mat phang (623).
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Cac mat phang tinh thé va chi s6 Miller (tt)

Cac qui uéc dinh nghia chi so Miller:
0 (hkl) : mot mit phang

0 [hkl] : hudng tinh thé 1a diém trong mang tinh thé gan goc toa
d6 nhat theo huéng mong muon.

o {hkl} : ho cac mit phang tuong duong ddi xtng

e /T A lo
|
1

| j/ N
I R T ]
e 010) (EESpea
ST s _ P
X 1 x
(100) (110) (111)

Fig. 6 Miller indices of some important planes in a cubic crystal. 22



Cac mat phang tinh thé va chi s6 Miller (tt)

0 Khi co toa dd am thi ghi s6 duong twong tmg va c6 dudng
gach trén con s0, thi du hudng tinh thé co6 toa d6 -1,-1,1 thi
nguotita ghila (771 ]

7 - Lol %
u }I E Iv u :r
(100) (110) (111)
X X X

(a)
Cac chi s6 Miller thuong gap:
(a) cac mat phang tinh thé, va (b) cac vector huong

7 3 M
}I ! }I u }-
[110] [111]
23
X X
(b)




Cac mit phang tinh thé va chi s6 Miller (tt)

Trong cac mang tinh thé 1ap phuong, huéng [hkl] vudng goc
vO1 mat phang (hkl).
Thi du: ho mat phang {100} Ia:

{100} = (100), (010), (001), (100), (010), (001)
0 Thi du mot sb hudng tinh thé

A

A [001]

ZNe O

M . [010]
Y

1100]  +[001] #



2.3 K§¥ thuit ting truéng tinh thé co ban

O Tu doc thém trong sach
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2.4 Cac lién két hoa tri
(Valence bonds)
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Lién két dong hoa tri va lién ket ion
Trong cac dung cu ban dan c6 thé gip cac lién két sau:

Lién két dong hoa tri (covalent bonding)
Lién két ion (ionic bonding)

Trong ban dan nguyén to dung céac lién két dong hoa tri; con

trong ban dan hon hop thi st dung ca lién két dong hoa tri va
lién két ion.
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The periodic table

Groups 3B,4B,5B,6B
7B,8B,1B lie in here

A section of the periodic table



Lién két ion (Ionic bonding)

Lién két ion do lwc hit tinh dién giita cdc ion tich dién dwong
va am (gitta 1A va 7A).

Qua trinh nay dan dén chuyén dién tir va tao thanh cac 1on co tich
dién; 1on tich dién du:0’ng do nguyén tr mat dién tir va ion tich
dién am do nguyén tir c6 thém dién tir.

Tat ca cac hon hop ion 1a chat ran don tinh thé ¢ nhiét &6 phong.
NaCl va CsCl 1a céc thi du tiéu biéu cho lién két ion.

Cac tinh thé ion thi co diém nong chay cao, ran don va cé thé hoa
tan dugc trong cac chat 1ong thong thuong.

29



Ionic bonding

The metallic elements have only up to the valence electrons

in their outer shell will lose their electrons and become positive
lons, whereas electronegative elements tend to acquire
additional electrons to complete their octed and become
negative 10ns, or anions.

Na Ci
30



Ionic bonding

This typical curve has a
minimum at equilibrium ®@ O @

< V( R) —t— (R oy
distance R A
R>Ry;

» the potential increases
gradually, approaching 0
as R=>» oo

(=)

m the force 1s attractive

R <Ry;

m the potential increases
very rapidly, approaching
oo at small radius.

m the force 1s repulsive
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Lién két dong héa tri
(Covalent bonding)

« Cac chat ban dan nguyén t6 Si, Ge va kim cwong dwoc
lien két bang co ché nay va chung thuan dong hoa tri.

» Lién két nay & do dung chung cdc dién tdr.(mdi cép
dién t&r tao nén lién két dong hoda tri)

« C4c chat ran co lién két ddng hoa tri thi c6 diém néng
chay cao, ran va khéng hda tan trong cac chat Iong théng
thwong.

 Cac ban dan hén hop st dung ca céac lién két déng hoa
tri va lien két ion.
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Comparison of Ionic and Covalent Bonding

atsms atoms

l--_l.:- - "'-:__l 7 ol lI::__.. e -
SHARING OF TRAMNSFER OF
ELECTRCNS ELECTROMN
a i - e

covalent bond ionic bond




Thi du lién két dong héa tri voi cac chat co 4
dién tw hoa tri

(a)

Fig. 11 (a) A tetrahedron bond. (b) Schematic two-dimensional representation of a tetrahedron
bond.
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- O nhiét dd thép cac dién tu dugc rang budc theo mang tinh thé
tir dién trong rng.

- Khi nhi€t do cao hon thi cac dao dong nhiét s€ lam gay cac lién
két dong hoa tri.

ﬂnducﬁnn
electron

(a) (b)

Fig.12 The basic bond representation of intrinsic silicon. (@) A broken bond at position A, 5
resulting in a conduction electron and a hole. (b) A broken bond at position B.



2.5 Cac dai nang luwong
(Energy bands)
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2.5.1 Nhirng mirc nang lwong cua nguyeén twr
dwoc cach ly

Pé hiéu nhiing tinh chat cta nhiing chat ban dan, ta can phai
hiéu nhitng tinh chat cua nhitng nguyén tir tao thanh ching.
Theo md hinh cua Bohr thi nguyén tir gom c6 mot 16i, ma vé co
ban chira toan bo khoi luong cia nguyén tir. Vo gan nhu khong
6 khoi luong. Hau nhu moi khoi lwong dugc tap trung trong 101
c6 duong kinh nhé 101> m , khi d6 so sanh vdi duodng kinh vo
101 m = 0.1 nm = 1A (Angstrom).

L&i gom co6 nhitng neutron va nhirng proton. Ldi mang dién tich
duong. Vo (vo dién tir) mang dién tich am vi ¢6 nhitng dién tir
trén cac quy dao trong vo. Nhung toan bo nguyen tur thi khong
cO di€n tich hay trung hoa dién.

Nhtrng dién tr nhu nhirng v¢ tinh. Chung quay xung quanh 101
trén quy dao nhat dinh. Nhirng dién tor dugc lam on dinh trén
nhitng qu§ dao ciia chung do sy can bang cia nhiing luc ly tdm
va Coulomb.
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Nguyén tir Hydrogen

0 Do sy can bang gitra lyc ly tam va luc tinh dién, - Centrifugal
ton tai mot lién hé van toc dién tir va ban kinh
ctia 16i. Van téc ctia mdi dién tir lién hé véi ban
kinh quy dao véi tm & 16i. Vi mot dién tir c6 th Electrostatic
cO nhirng nang lwgng khac nhau, nd co the co force
nhirng ban kinh khac nhau dén 161 cua nguyén tt
Tuy nhién, mo hinh c6 nhﬁ:ng van dé sau:

Theo dién ddng hoc co dién, hat c6 tich dién
trén quy dao dan dén tao thanh mot ludng ct
tir ma btrc xa ning luong. Do mat mat ning_
luong, hat s€ b1 hat nhiéu hon vao 101, ma dan
dén duong di nhu hinh xodn 6c. Cuoi1 cung
hat s€ ro1 vao 101 cua nguyén tu.

d;
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Nguyén tu Hydrogen (tt)

O DeE gial quyét van dé nay, ong Bohr da dé nghi tién dé sau: cac
mirc nang luong cuia nguyen tir va ban kinh quy dao duoc
lwong tir hdoa. Cac mire nang lugng dugc cho phép cua nguyén
tr Hydrogen dugc cho bot:

E =-

7 )

n

n=123..

vO1 Eg 1a nang lwong Bohr van la so lwong tir nguyén tic
(principle quantum number). Nang luong Bohr dugc cho boi:

2

Ey=—1
87e g

vO1 ag la ban kinh Bohr, q 1a dién tich dién tu (1a dién tich co
ban) va g, la hang SO d1en moi chan khong. Nhitng ning
lwong dién tir gitra nhitng mirc ning lugng E, khong dugc cho

phép. 39



O O

Nguyén tor Hydrogen (tt)

Khi nhitng nang lugng dién tor duoc lugng tir hoa va nhrng ban
kinh ctia nhirng mirc nang lugng (energy levels) cling dugc lugng
tur hoa.

Nhitng mutrc ning luong cua mot nguyén o 1a duy nhat.

Su tao thanh hay tach ra cua nhirng mirc nang luong nay cho phép
tao thanh nhiing ddi nang luwong (enery bands).

Nhirng nang lugng, ma ¢ gitra nhitng nang luwgng da duge dinh
nghia, dugc goi la nhitng dai nang luong cam (forbidden energy
bands) hay nhitng ddi cdam.

Nguoi ta thuwong dung don vi cua nang luong la eV (electronvolt).
Dai luong eV 1a don vi nang luong twong tng dién tir c6 dugce khi
th¢ ciia no6 tang thém 1V (1eV=1.6 x 10-"°’AVs=1.6 x 10-°]).

Ban kinh Bohr duoc cho bor:

gh’

2
7T-m,q

dp =

vO1 h 1a hang s6 Planck va m, 1a kho1 luong cua dién tur. 40



Nguyeén tu Hydrogen (tt)

0 Mob hinh nguyén tir ciia Bohr ¢ thé ké’t, hop véi 1y thuyét
quang tir (photon) cua Einstein. Hi¢u s6 nang luong gitra 2
mirc nang luong n va m (nang luwgng photon) dugc cho boi:

E,-E,=h-f,, n>m

E, tng vo1 muc nang luong cao hon.
0 Chuyén tiép tir mirc nang lugng cao hon Xuéng thap hon dan
dén mat nang lugng. Nang 111:0’ng dugc giai phong dudi dang

photon, voi 14 tan sO ctia anh sang duoc phat xa. Tan so f va
budc song A twong ting cua anh sang dugc cho bot:

| |
tfn ,m —

4
g m,

8ech’

2 2
m n

. o_c

n,m f
Jn,m 41



Nhirng dai nang luwgng
Ta chuyén viéc khao sat tir nguyén tir don sang khao sat chat ran.
V61 mot nguyén tur cach ly, cac dién tor c6 cac mirc nang luong ro1
rac. Khi s0 p cac nguyén tur cach ly dugc gom lai vo1 nhau dé tao
thanh chat ran, quy dao cua cac dién tir ngoai cung phu lap nhau va
twong tac vo1 nhau. Su tuong tac nay bao gom nhtrng luc hut va
day gitra cac nguyén tu. Nhirng luc hut gitra cac nguyén tur gay ra
su dich cac muc ndng luong. Thay vi tao thanh nhitng murc don,
nhu trong truong hgp don nguyén tur, p mirc nang luwgng dugc tao

b
~ /

1o
So d6 minh hoa viéc
tach cac trang thai suy
bién thanh dai lién tuc
cua cac trang thai
[dwoc] cho phep.

Electron energy

D = = =

Interatomic distance ———



Cau truc dai nang lwong cua ban dan

O Bay gio ching ta chuyen tir mo ta tong quat cau trac dai
ning luong trong chat ran sang trudng hop cu thé hon cua
silicon. Mot nguyén tu silicon cach ly c6 14 dién tir. Trong
14 dién tir, c6 10 dién tir chiém nhitng mtc ning lugng sau
hon. Do do, ban kinh quy dao nho hon luc tach gitra nhirng
phan tir trong tinh thé. 10 dién tir bi lién két chit véi céac
nguyen ftu.

0 Bon dién tir dai hoa tri con lai c6 lién két yéu vai 16i va ¢o
thé tham gia vao cac phan g hoa hoc. Do d6, chiing ta co
thé tap trung vao lop vo ngoai cing (muc n=3). Murc n=3
gom cac 16p vo con 3s (n=3 va I=0) va 3p (n=3 va [=1). Lop
vO con 3s ¢O 2 murc trang thai cho phép trén 1 nguyén tur va
ca hai trang thai dugc lap boi 1 dién tir (6 0°K). Lép vo con
3p co 6 trang thai cho phép va 2 trong cac tran thai nay dugc
lap boi nhitng dién tir con lai. 13



Bi€u dién so do cua nguyeén tw silicon cach ly

NN
NN
AT
\
Six allowed levels
/ at same energy
Two allowed levels
7 at same Pn-:-"'rg}'
s p
n=3
2 electrons 8 electrons 4 electrons
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Su tao thanh nhirng dai nang lwong trong silicon theo ham
khoang cach gitra cac nguyén tir trong mang tinh the.

[lectron
energy

band

4 N states
0 electrons

4 N states
4 N electrons

6 N states

2 N electrons

Js

2 N states
2 N electro

Lattice spacing 45



Khe nang lwong (bandgap)

O Day cta dai dan duoc goi la E. va dinh cua dai hoa tr1 dugc

goi 1a Ey. Hiéu s6 ning luong giita day dai dan va dinh dai
hoa tr1 duqc got1 la khe nang lugng E..

Khe nang lwong E; = E- — Eg 0 gitra day dai dan va dinh dai
hoa tri bang bé rong dal cam E la nang luong can dé pha VO
lién két trong ban dan dé cho mot dién tir trong dai dan va dé
mot 16 trong trong dai hda tri.

Su thleu hut mot di€n tur trong dai hoa tr1 dugce cot la mot 16
[trong tu do]. Su thiéu hut trong dai hoa tri cé the duoc lap
bang dién tir 1an can, ma dan dén su dich chuyén vi tri thiéu
hut, xem nhu 10 di chuyen L6 co dién tich duong. Ca hai
dién tir va 16 gbp phan vao tao nén dong dién.
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2.5.2 Gian d6 ning lwong-momentum

0 Néu 1 dién tir duoc kich thich vao dai dan, no co thé di chuyén tu
do trong tinh thé, tir d6 dién tir ¢6 thé duoc xem nhu mot hat
trong khong gian tu do. Sy truyén lan ctia dién tir tu do c6 thé
duoc mo ta bang ham song, 14 161 giai cua phuong trinh
Schrodinger. Ham song cho dién tir tuw do duogc cho boi

w = A, explikx)+ B, exp(—ikx)

vO1 k 1a vector song ¢6 phuong trinh sau:
e

h}x’j 27

p la momentum (mo6-man) cua di¢n tur.

O Do biéu thirc nay, nang lugng dién tur co thé dugce cho trude theo
ham cua vector song. Ta no1 vé bi€u dién khong gian k. Cac dai
nang lugng luc nay co thé dugc xac dinh theo ham cua vector k.
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Gian d6 niang lugng-momentum (tt)

Ta xét dién tu trong khong gian ty do, khi do dién tir ¢6 nang lwong E va
momentum p nhu sau:

L‘ _ mgv: _ E
= p=my :
va
T d6 ta co thé biéu dién E, theo p nhu sau:
2 2
E f— —mev p— —p
. 2 2m - 2
B 0

volr  E, :nang lvong ciua dién tur ty do
me: kho1 luong cua dién tu
V : van toc cua dién tu

Energy momentum diagram for a
free electron
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0 Khoi lwong higu dung ciia dién tir m,, phu thuoc vao tinh chat
cua ban dan. Néu ta c6 quan hé¢ nang luong-momentum nhu sau

2

E=-2PF
2m,

thi ta c6 thé tinh dugc khdi lugng hiéu dung qua dao ham bac 2

cua E theo p: o )]
=[S
dp*

0 Do do khi parabola cang hep, twong irng vo1 dao ham bac 2 cang
6m, thi khoi lugng higu dung cang nho. Ta c6 biéu thirc twong tu
voi 16 (co khoi lugng hiéu dung m ). Khai niém khoi lugng hiéu
dung rat htru ich vi né giap xem dlen tr va 16 nhu c4c hat tich

dién co dién.
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TD vé gian d6 nang luong - momentum

E
-
Conduction band
) (m,, = 0.25 my)
Electron
energy
EE
! .
Hole
energy
Valence band
¥ {f.rn.ﬁ, = thyg)

Fig. 17 A schematic energy-momentum diagram for a special semiconductor with m, = 0.25 m,,
and m,, = m,,

m, = khoi lugng cua dién tur ty do



Gian d6 ning lwrong-momentum [cgl gian d0 dai ning lwong] cia
(a) ban dan gian tiép (Td: Si) va (b) ban dan true tiep (Td: GaAs)

Conduction Conduction
band GaAs band

Silicon

z !
|~ — AF:H?I
= =
T ) t I
& 1 a
b ) T E,
= E. = 8
f1] le (] 1

0

Valence Valence

*
e = e e e e e = e e = = 5
.

band band
2 0 p 0
[111] [100] c [111] [100]
Momentum p Momentum p
(a) (b)
Indirect semiconductor Direct semiconductor

« GaAs duoc goi 14 bdn dén trie tiép vi nd khong can su thay d6i momentum dé
chuyén dién tir tir dai hoa tri sang dai dan.

« Si dugc goi 13 bdn dén gidn tiép vi nd can sy thay d6i momentum dé chuyén
dién tu tir dai hoa tri sane dai dan.
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2.5.3 Suw dan dién trong kim loai, ban dan va
chat cach dién

Hinh 19 cho thay gian d6 dai niang lugng cia 3 loai

chat ran: dan dién (kim loai), ban dan, va cach dién.
Chit dan dién: c6 dién trd suat rat thap va dai dan duoc do
day 1 phan dién tur tu do (nhu dong) hoac phu 1ap dai hoa tr1
(nhu kém va chi) dé€ khong c6 khe nang luong.
Chit bdn déin: c6 khe niang luong < 4eV. O T=0K, tat ca dién
tir & dai hoa tri va khong co6 dién tir & dai dan = cach dién. O
nhiét A0 phong, do nhi¢t nang kich thich 1 s6 dién tur vao dai
dan = dan dién (kém)
Chit cdch di¢n: c6 khe niang luong > 4eV (nhu SiO,). Cac
dién tur hoa tr1 tao nén lién ket manh vé1 cac nguyén tur lan
can. O nhiét d6 phong, nhiét nang khong du kich thich cac
dién tir vao dai dan = khong dan dién = cach dién. 52



Empty
A ot
Parl:ia]l}' filled
conduction band

Conduction band T}
L

. & 8

Conduction band _¢_

Valence band

(a) (b) (e)

Fig. 19 Schematic energy band representations of (@) a conductor with two possibilities (either
the partially filled conduction band shown at the upper portion or the overlapping bands shown
at the lower portion}, (b) a semiconductor, and (¢) an insulator.
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Phan loai vat lieu theo khe nang luong

¥ E.
Top of
conduction band
E.=9eV . .
E. empty
E=11eV R
g filled
% E". 1. E" . E.'.-
St Semiconductor 510 _ . insulator Conductor
Hinh 5.5 Phan loa1 vat liéu theo khe nang lwong
Thi du Eg ctia mot s6 vat liéu ban dan (¢ T=300°K):
Semiconductor PbTe Ge Si GaAs GaP | Diamond

Eg(eV) 0.31 0.67 1.12 1.42 2.25 6.0
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So sanh giira mé hinh lién két hoa tri va mé hinh dai
nang lwong

—”=1||||n=T||r— Completely émPY . Eg = ning luong can lam gy 1 lién két dong hoa tri
_H=ﬁ=ﬁ_ I E, Khong ¢6 «> Khong c6 dién tir trong dai din va
E oA A . A , re A > e , o
e W/' v lleI} k(:,t bi Khong co trang thai trong trong dai hoa tri
| | | (S tittttt 4 pha vo
- — = A J4 N A
Completely filled Khong c6 dong dien
OT=0K
L l l electron in conduction band
B — . - ‘N 2 x
7 =~ Ec  Sinh cap dién ti-10
I el S ~
n m ﬁ - Lién két < | Dién twr (trong dai dan va)
TT T_ |. ! bi pha vé& Lo (trang thai trong trong dai héa tri)
broken bond empty states in valence band

Khi c6 kich thich 1a nhiét nang hay quang nang

Nhﬁ'ng hat dan: - Nhitng dién tir trong dai dan
* ) - Nhitng 16 (trang thai trong) trong dai hoa tri
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Mt s6 thuat ngir thwong dung trong
Iy thuyét dai ning lwong:

Mot so thuat ngir thuong dung trong 1y thuét dai ning luong:

O N,: matdo trang thai hi€éu dung cua d’z‘ii héa tri, day 1a s6 16 t6i da
trén 1 don vi thé tich ma ta co6 thé€ tim thay trong toan by vung hoa tri.

O N mat do trang }héi hi¢u dung cj’la dai gl?ln, day 1a s6 dién tﬁ:~t6i
da trén 1 don vi1 thé tich ma ta co6 thé tim thay trong toan bd dai dan.

O n: n(‘A)?ng do dién tw (e~lectron concentration) 1 s6 dién tir trén 1 don
v1 thé tich trong dai dan.

0 p: nong d9 16 (hole concentration) 1a s6 10 trong trén 1 don vi thé
tich trong da1 hoa tri.

Chu y: n va p con duge goi 1a cac nong do hat dan (carrier ?
concentration) vi chung }é nhirng hat mang dién tich tu do va chuyén
dong theo dién truong dé tao thanh dong dién.
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2.6 Nong d¢ hat dan noi tai
(Intrinsic concentrations)
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Cac tinh chat vat liéu va hat dén

O Bdn dan thudn va ban dén cé pha tap chat (Intrinsic and extrinsic
Semiconductors)
Vat liéurdu:(y,c xem 13 bdn ddn thudn (con go1 }é ban d?ln’ no1 tai hay
tinh khiét) n€u vat liéu chira mot lugng tap chat twrong doi nho.
Vat liéu dugc xem 13 bdn dén cé pha tap chit (con goi 1a ban dan
ngoai lai) n€u vat liéu chira mot lugng tap chat twong doi 16n.
0 Bdn dan ¢ cin bing nhiét

Ta gia sir dang xét ban dan thuan va b qua cac anh hudng cua tap
chat v6i ban dan. Ngoai ra ta gia sir ban dan & can bang nhiét, nghia
13 ban dan khong bi tic dong bai cac kich thich bén ngoai nhu 4nh
sang, ap suat hay dién truong. Ban dan duoc gitt & nhiét do khong
d6i trén toan bo mau thir (nghia 1a khoéng c6 gradient nhiét do trong

chat ban dan). .



O

O

Tinh nong do dién ti

Dé co duge nong do dién tir (s6 dién tir trén 1 don vi thé tich)
trong ban dan noi tai, trudc hét ta phai tim mat d6 dién tu
trong 1 gia so ning luong dE. Mat do nay n(E) dugc cho boi
tich cia mat do trang thai N(E), nghia la mat do cua cac trang
thai nang lwong dugce cho phep trén nang luong E trén 1 don
vi thé tich, voi xac suat chiém trang thai ning luong d6 F(E).

Nhu vay nong do dién tir trong dai dan c6 duoc bang cach lay
tich phan N(E) F(E) dE tr day cua dai dan (E, d¢ cho don
gian ban dau cho E=0) dén dinh cta dai dan Etop:

n=[rwn(E)E=[ " N(E)F(E)E, (9)

v&in theo cm>, N(E) theo (cm’eV) .
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Ham phén bo Fermi-Dirac

Xac suat ma 1 dién tir chiém 1 trang thai dién tir véi nang luong E duoc
cho bo1 ham phan bo Fermi-Dirac, con dugc go1 1a ham phan bo Fermi.

F(E)= I (10)

E—E, \/kT
l+e' 2

v6i k 12 hang so Boltzmann, T 14 nhiét d6 tuyét dbi theo do Kelvin, va E 1a
muc ning luong Fermi. Nang lugng Fermi 13 ning lugng ma & d6 xac suat
duoc chiém béi dién tir chinh xac bﬁng 0.5. Phan bd Fermi duoc minh hoa
& hinh 20 v6i cac nhiét d6 khac nhau. Chu v 1a F(E) d6i xtrng quanh mirc
nang lugng Fermi. V&1 nhitng nang lwong ma 1én hon (hoac nho hon) 3kT
so vO1 nang luong Fermi, sO hang mii > 20 (hoac <0.05). Phan bd Fermi ¢
thé duoc xap xi bang cac biéu thirc don gian hon:

F(E) = ¢"E-EdAT  khi (E - E,) > 3kT, (11a)

FE)=1-e'E-EdXT khi  (E - E;) < 3kT. (11b)

Phuong trinh 11b c6 thé duge xem nhu x4c suét cia 16 chiém murc ning
luong E. 60



Hinh 20. Ham phan b Fermi F(E) theo
E — E vo1 cac nhigt do khac nhau

1.0

= {9

{4

))

K: Boltzmann constant,
T: temperature in Kelvin,
E-: Fermi energy

500 K
300 K

i
05 -04 -03 -02 -0.1

E-E, (eV)

0. 02 03
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Ban dan thuan ¢ can bang nhiét

E A
Conduction

band
. e . n=n,
Er mmq@m———™  pP~=--—-——-—---"=--"“"k-"--=-=-- ,

Ey

-——-—-FE
o o Vv p=n,
Valence
band -

n (E) and p (E)

Schematic Density of Fermi-Dirac Electron and
Band Diagram States Distribution hole Density
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Mat do trang thai

0 Ta cé thé tinh cac mat do trang thai bang phuong trinh

Schrodinger. Tuy nhién ta s& khong ban vé viéc suy ra ham mat do
trang thai. SV c¢6 thé doc thém trong phu luc H cua sach
“Semiconductor Devices”, tac gia M.S Sze.

NC(E): j;—f\/b?f?j’(E B EC)

N, (E)= %\/’2 m)(E, — E)

vO1 N 1a mat do trang thai dién to va Ny, 1a Mat do trang thai 16
Mat do trang thai dugc xac dinh béi mot tham so vat lidu, d6 1a
kho1 lugng hiéu dung cua dién tir (m,) hay 16 (m;,). Do do, mat do
trang thai cua dién tu va 16 thuong khac nhau.
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Mirc (hay ning lwong) Fermi E va nong
do hat dan can bang
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Phan bo Fermi-Dirac ctia dién tir F (E) va 16 F, (E).

—_—
o

1
l+exp(E—E, /kT)

F,(E)

Fermi energy for electrons

0t /N - 1
-05-04-03-02-01 0 01 0.2 0.3 l+exp(EF —Ef/{kT)

Fermi Dirac Distribution F(E)
o
an

Energy E-EF [eV] |
. Fermi energy for holes
Can bang nhiét
Chat ban dan ¢ can bang nhiét, néu nhiét 46 & mdi vi tri cta tinh thé 1a
nhu nhau, dong dién tong cong qua vat liéu bang 0, va chat ran khong bi
chiéu sang. Ngoai ra ta con gia sir rang khong c6 phan tmg hoa hoc tham
du. Do d6 nang luwong Fermi trén toan vat li¢u 1a nhu nhau:

Er = Ex(X, y, z) = const °3



N:iing lwgng Fermi trong chat rin

77,
Conductor Semiconductor Insulator
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Phan b6 Boltzmann

Dé tinh nong d6 hat dan cho dién tir va 16 (n va p), ta can giai tich phan Fermi.

n=Ng- 31/2(_ (EC _EF)/kT)

p:NV'Sl/Q(_(EF _EV)/kT)

Tuy nhién ta khong thé giai tich phan Fermi bang giai tich. Do d6 nguoi ta dung xap xi
dé xac dinh mat do hat dan. Xap xi nay duoc goi 1a phan bo Boltzmann.

Electron concentration, Boltzmann distribution

Hole concentration, Boltzmann distribution

Chu y: Cac phuong trinh trén chi 4p dung cho ban dan & diéu kién can bang (dkeb).
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N\ ~
. .
~ Nong do hat dan noi tai
Trong ban dan thuan ta thay nong d6 dién tir n va nong d6 16 p bang nhau. Nguoi
ta goi gia tri bang nhau ctia n va p 1a néng dé hat din néi tai n; (intrinsic carrier
concentration).

Eit EJ'- En

n=p=n,

Intrinsic carrier
concentration

N(E) F(E) n(E) and p(E)

Hinh 4.18 Nong d6 dién tir n, nong d6 16 p va nong do hat dan néi tai n;.
Dwa vao nf:"nng do hat dan nodi tai, ta ¢6 thé xac dinh nang lwong no1 tai. Vot ban

dan thuan ¢ can bang nhiét, nang lwong ndi tai E; bang véi nang lwong Fermi Ex
Er(n=p=ny)-E,

biéu thirc cuia nang leeng no1 tai E;;

E = E,+E, . kT In N,
2 2
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Nong d¢ hat dan ndi tai n,

-~ e - - T

O nhlet dé phong, dai luong tht hai
nhé hon nhiéu dai lwong th@ nhat. Do d6
nang lwong ndi tai rat gan véi vi tri gitra khe
nang lwong (Ec-Ev)/2=E./2. V&1 Silicon,
nang luong no1 tai [éch so vo1 gitta khe nang
luong 1a Ei-(EctEyv)/2 = —kT/2 = —13meV.
Niang lwong noi tai bi dich vé phia dai hoa
tr1. Voi tru:O’ng hop GaAs thi nguoc lai, nang
lwong nodi tai dich vé phia dai dan E-
(Ec+Ey)/2 = 3kT/2 = 39 meV.

Dua vao quan hé n = p = n; ta ¢6 thé
biéu dién nang luong ndi tar theo mat do
trang thai hat dan cua dién tir va 16. Tt 2
phuong trinh sau:

N =n -exp| Le=ti
¢ kT

E-_E;

N.. =n.-ex J /
V i p kT

Ta tim duoc nang luong nod1 tai

-

2kT

T(°C)
1000 500 200 100 27 0 —50
I

1.015} I T T

1017
1016 i}

1015

i

101'1 I | W , |
10'? |
101(} A

=
Intrinsic carrier density n, (cm™)

”}5 B

107

106 |
03 10 1.5 20 25 3.0 35 4,0 45

1000/ T (K1)
Intrinsic carrier concentration
for silicon and GaAs.
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Bieu dién n & p qua n,

n=N.-exp(—(E.—E,)/kT')  for E.—Ep22kl

E.—F

N« — 7. -ex C i
C ; p[ T J
( EF _ E"’) Electron concentration

n=n,-exp f

kT

EI. — EF |

P =1, - CXp LT Hole concentration
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TD cac gia tri N, Ny va n, ciia 1 s6 ban din
thong dung (0 300°K)

CONDUCTION BAND VALENCE BAND [NTRINSIC CARRIER
MATERIAL | EFFECTIVE DENSITY (/N.) | EFFECTIVE DENSITY (V,,) | CONCENTRATION (n; = p;)

Si (300 K) 2.78 x 1019 cm3 0.84 x 1018 cm3 1.5 x 1010 ¢y=3
Ge (300 K) 1.04 x 1019 ¢cm—3 6.0 x 1018 cm—3 233 x 1013 cm3
GaAs (300 K)|  4.45x 1017 em-3 7.72 x 1018 3 1.84 x 106 ¢cm—3
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2.6 Chat Donor va chat Acceptor
Ban dan c6 pha tap chat
Ban dan loai P va ban dan loai N
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Chat cho dién tir (donor) va chat nhan dién tir (acceptor)

0 Khi ban dan bi pha tap chat (vdi 1 luong 16n tap chat) thi nguoi ta goi né 1a
ban dan ngoai lai hay ban dan co pha tap chat. Trong phan nay ta s& xét anh
hudng cua cac acceptor va donor 1én cac tinh chat cta vat liéu. Ta sé tap
trung xét pha tap chat cho silicon.

Conduction
electron

_'._-_ o .'}'}:.f»&’
I'I o "'I::' . '5!..
L

(b)
(a) Mang tinh thé Si loai N védi pha tap chat bang cac nguyén tir donor As hay P
(arsenic hay phosphorus). 0
(b) Mang tinh thé Si loai P v61 pha tap chat bang cac nguyén tir acceptor B (boron).



Donors

O When a semiconductor is : g\’/ 2 L; = @ 5

doped With impurities : as | ‘l e I_'j'._’_i,:}l’_' l.HIuEm'trnm
Extrinsic semiconductor B +4 QBRI @ i
The impurity energy level are ~ ~ =~ 5=
introduced R 3k R
. . s | +4 r-_-“’"-'«‘ F-‘_ +4 i

O N-type S1 with donor =S s 4SS Q E ﬁﬁ_
Arsenic atom with five valence (se] tes)  iss)
electron

o Covalent bonds with its four neighboring Si atoms
o The fifth electron

Relatively small bonding energy to its host arsenic atom
Be “ionized” to become a conduction electron

O The arsenic atom 1s called a donor

Silicon become n-type
O Because the addition of the negative charge carrier
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Acceptors
O P-type S1 with acceptor

m Boron atom with three valence electron

® An additional electron 1s ‘e o) '

“accepted” to form four -~/ - —- )’ﬁ - -

covalent bonds around  *_ 2 (3:14 ==
A

the boron lee) loel

m A positive charged - ‘@ e L e
. s Si ¥ S

“hole” 1s created 1n E

= Te s
f [
the valence band (oo, [
= Boron 1s an acceptor Sy +4 Y +4
uE Si e Si
tll . » \ II - .



Gian do dai ning lwgng ciia ban dan loai N va
ban dan loai P

t e t e

=N Donor levels

Energy
Energy

E, Acceptorlevels

ke e e e = =

EV EV

L >
Distance Distance

(a) Gian d6 dai nang lwong ctia ban dan loai N (b) Gian d6 dai nang lwong ctia ban dan loai P
Hinh 4.20 Gian dé dai nang luong cua ban dan loai N va ban dan loai P.

Khi ta ting nong d6 donor thi mitc Fermi s& dich gan hon té1 day cua dai dan. Do
d6, hiéu s6 nang lwong gitta mirc Fermi va dai dan (Ec — Ep) s& nho hon khi tang nong
do donor.
Twong ty nhu viy véi ban din ¢6 pha acceptor: khi nong dd acceptor cang cao thi
murc Fermi sé& chuyén dén cang gan dai hoa tri. O nhiét d6 phong, kich thich nhiét du
cao dé kich hoat dién tir tir dai hoa tri sang dai dan. Két qua la ta cé duge cac ion chat
nhan dién t¢t mang dién tich am (do dién tir lfip vao) va hinh thanh céc 16 trong dai hoa 76
tr1. Mic nang luong cua acceptor (E,) rat gz"in vo1 dai hoa tr1 (hinh 4.20D).



N:ing lwong ion hoa ciia cac tap chat trong Si va

GaAs

Sh P As Ti C Pt Au 0
0.039 TrE —— 0.16
Si 0.039 0.045 59 0.21 025 025 0.16
0.38
=99 A
054 0.51
I AT oAl
034 035 036 o4l
- D —_—D L&Y
0.045 0.067 0.072 0.16 03" p
B Al Ga In_ Pd
S Se Sn Te Si C 0
Cane 0. 0.006 0.006 o3 0.0058 0.0
04
0.63
142 |\ o ___ 067 —-- A —
044 D
0.24
0.028 0.028 0.031 0.035 0.035 (0 —0.14
Cu Cr

Be Mg Zn Cd Si C

Fig. 24 Measured ionization energies (in eV) for various impurities in Si and GaAs. The levels
below the gap center are measured from the top of the valence band and are acceptor levels
unless indicated by D for donor level. The levels above the gap center are measured from the
bottom of the conduction band and are donor levels unless indicated by A for acceptor level 8
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2.7 Nong do hat dan trong ban
dan loai N va P
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E i

CB
EC - & 8 8
ED ‘‘‘‘‘

N (E) F (E) n (E) and p (E)
(a) (b) (c) (d)

Fig. 26 n-Type semiconductor. (@) Schematic band diagram. (b) Density of states. (¢) Fermi

distribution function. (d) Carrier concentration. Note that np = n?2.
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Quan h¢ giira nong do dién tir n va nong do 1o trong
ban dan

Véi ban din noi tai & can bang nhiét ta cé cac cong thire sau:

va véi ban din 6 pha tap chat & cin bing nhiét:

Néu ta gia st rang vt liéu chi duoc pha véi donor, khi d6 N,=0 va ta con phwong trinh:
n=p + Np. Do d6 ban dan 1a ban dan loai N. Nong do 16 bay gior ¢6 the duoc tinh theo
cong thite sau (voi chi so n dé chi dang xét v6i ban dan loai N):

Suy ra nf’ing d6 dién tir cua ban dan loai N:




Pinh luat tac dong khoi lwong
(Mass action law)

Con duoc goi 1a dinh luat tic dung khoi lugng:

0 Trong diéu kién can bang nhiét thi tich sé ciia néng dp hat déin
am va dwong tw do la hang so, bat chap luong tap chat donor va
acceptor pha vao trong ban dan:

np=n?

Chii y: Dinh luat nay luon luén dung véi ban dan khong suy
bién!
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Nong do hat dan trong ban dan N

o Néu ca hai tap chat donor va acceptor dong tho1 hién dién thi
tap chat nao ¢ nong do cao hon s€ quy€t dinh loai dan dién
ndo trong ban dan. Mirc Fermi phai tu diéu chinh dé duy tri sy
trung hoa dién tich, nghia la tong dién tich am (cac dién tu va
cac acceptor b1 10n hoa) phai bang tong dién tich duong (cac 16

va cac donor b1 10n hoa). Dud1 di€u kién 1on hoa hoan toan, ta
cO

0 Giai phuong trinh np=n2? véi (30) ta ¢

n:}é[wn-wﬂ\{wﬂ-wﬁ)%m?}, (31)

p,= ni/n,, (32)

Chi sO n chi ban dan loai1 N 0



Nong do hat din trong ban dan P (N, >N,)

Trong ban dan N: hat din da s6 1a dién t va hat dén thiéu so6 13

10.

Tuong tu, ta c6 duoc nong do 16 (hat dan da s6) va dién tir (hat dan

thiéu s6) trong ban dan P:

-.l
n, = n;s/p,

Chi s6 p chi ban dan loai P

(33)

(34)
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Ban dén c6 bo chinh (Compensated Semiconductor)

Ny>N

Assumption:

(n-type
semiconductor)

N, >N,

Assumption:

(p-type
semiconductor)

nn:%-[NDjt\/Nf)jLﬂrnf]

Np>n =n, ~ N,

Majority carriers
(n-type semiconductor)

2
n.

;-[ND+\/N1%+4nf]

ND >>nz’:>pn ﬁnz’2/2\'[D

Pr

Minority carriers
(n-type semiconductor)

1
Py=> [NA +y/ N2+ 4nf]

N >>n = Py = N,

Majority carriers
(p-type semiconductor)

2
M.

[

np

; . [NA + /N2 +4n] ]

2
N, >>n = n,~n, /NA

I

Minority carriers
(p-type semiconductor)




Mirc Fermi 13 ham ciia nhiét d§ va nong do tap chat

O Vi tri ctia mitc Fermi trong gian do dai ning luong
E.=E.—kT In (N-/Np) v6i ban dan N
E.=E,+ kT In (N,/N,) v6i ban dan P

E. E. E.
Er -
| | 1(1)1:11 |
S E. I N S —
P 1 E Fa0,
E,, E, E.,
Intrinsic N-type P-type

0 Thé Fermi @, = (E;— Ep)/q
Dung dé xac dinh mirc Fermi,
Dung dé viét phuong trinh 7 va p gon hon
Dau cua thé Fermi cho ta biét ban dan loai gi.
0 Thé khoi @, =-¢. = (E,— E)/q
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Hinh 20 (a) Muc Fermi trong Si1 1a ham cua nhi¢t do va néng do tap
chat

I i Ly o l

ey
E

0.6
0.4
0.2

0
0.2
0.4
—0.6
—0.8

EF— F.:. (eV)

0 100 200 300 400 500 600
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Anh hwéng ciia nhiét d dén nong d6 hat dan
T(°C
(Td: Siloai N, xét n ) |

3x 108 —0 0 7 1P
! , Si
0 O nhiét do thap LN, =105 e
Nhiét nang khong du ion hoa tat ca cac -
tap chat donor £ 7
Mot so dién tir bi “dong bang” & mirc de 3
Nong d6 dién tir < nong do donor b |
0 Khi tang nhiét do § 0 < utrinsioregion ™
Piéu kién dé dat duoc ion hoa hoan toa =
n,=Np - /™ Freeze-out
0 Khi ting nhiét @ thém nira reglon
Nong d6 dién tir khong doi trén 1 dai r¢ 0 w0 a0 w0
nhiét do I K)

Mién ngoai lai
0 Khi tang nhiét A6 hon nira
Né)ng dd hat dan néi tai tré nén cé thé so sanh duogc vai néng do donor
Ban dan tré thanh ban dan noi tai
Nhi¢t d6 nay phu thudc vao N, va E,
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Ban dan suy bién va khong suy bién

0 Phan 16n cac dung cu dién tir, nong do dién tir va 16 nhé hon
nhiéu mat do trang thai hiéu dung trong dai dan hay dai hoa tri.
Mttc Fermi t6i thiéu cao hon dai hoa tri 3kT hay thap hon dai dan
3kT. Trong trudng hop nay ta goi bdn dan khéng suy bién (non-
degenerated semiconductor).

0 Khipha rat nhiéu tap chét, cac néng do tap chat cao hon cac mat
do trang thai hiéu dung trong dai héa tri va dai dan. Trong trudng
hop nhu vay ta c6 bdn dan suy bién (degenerated semiconductor)
va cac muc Fermi dich vao dai dan hay dai hda tri. Duéi nhiing
diéu kién nhu vay ta khong thé ap dung cac phuong trinh da duoc
suy & phan trudc.

0 Tuy nhién, viéc ché tao ban dan suy bién ciing can thiét. Thi du
ché tao cac diode LASER can dao nguoc mat do, ma co thé chi

dat dugc viec nay n€u ban dan la loai suy bién.
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