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1. CAU TRUC NGUYEN TU’




CAU TRUC NGUYEN TU

« Nguyén t& 1a thanh phan nhoé nhat cia nguyén to va van gitv dwoc

cac dac tinh ciia nguyén to do.
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CAU TRUC NGUYEN TU

Vi du vé nguyén ti:
« Nguyén t6 Hydrogen c6 1 electron va 1 proton.
« Nguyén t6 Helium c6 2 electron, 2 proton va 2 neutron.
 Nguyén t6 Silicon co 14 electron va 4 proton “o--
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CAU TRUC NGUYEN TU
% MO hinh Bohr

MMustration of the Bohr model of the
silicon atom.
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The Maximum Number of Electrons in Each Shell The maximum number of elec-
trons () that can exist in each shell of an atom 1s a fact of nature and can be calculated by
the formula,

N, = 2n?
where n 1s the number of the shell. The maximum number of electrons that can exist in the
innermost shell (shell 1) 1s

N, =2n" = 2(1)* =2 -
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CAU TRUC NGUYEN TU

«*» M6 hinh Bohr
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2. TONG QUAN VE VAT LIEU BAN

DAN

Vat liéu
dan dién

Vat liéu
ban dan

Vat liéu
cach dién

« Cac chat ban dan dién hinh nhw Gecmanium (Ge), Silicium (Si),.. La

nhirng nguyén t6 thuéc nhém 4 nam trong bang hé thong tuan hoan. s
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1] \Y) Vv
Boron Carbon
(B) (C)
Aluminum Silicon Phosphorous
(Al) (Si) (P)
Galium Germanium Arsenic
(Al) (Ge) (As)

2. Tong quan vé vat liéu ban dan

v" Carbon (C), Silicon (Si), ...
v Galium Arsenide (GaAs), Indium Phosphide (InP), ...

v Silicon Germanium (SiGe), Aluminum Gallium Arsenide (AIGaAsg)
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2. Tong quan vé vat liéu ban dan

Covalent
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» Sicd 4 electron hoda tri & I&p ngoai cung. has four valence
electrons. Va no c6 thé tao thanh lién két cong hoa tri voi 4
electron lién ké khac.

« Khi nhiét do tang lén, cac electron co thé bi bt ra khadi lién két

cOng hoa tri tao thanh electron tw do.
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2. Tong quan vé vat liéu ban dan

t=t1 t=t2 t=t3

N7 N\ 7 \ W s N7 N\ 7
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4%4%4 &x%xyw 4\4%&\

2N 7N\ 7N 7N\ 2N 7N\

Cap twong tac electron — 16 trong

« Khi cac electron pha v& lién két hoa tri, cac 16 trong dwoc tao
ra.

« Cac 16 trong co thé duwoc lap day bang cach hap thu cac
electron tw do khac, vi vay tao nén dong chuyén doi cla cac

hat tai. "

fppt.com



3. CAU TRUC VUNG NANG
LUONG

Tong quan vé dai nang lwong:

+ Nang lwong can dé giai phong cac electron nay I&n hon doi véi vat
liéu dan dién vi chang bi rang budc béi cac lién két hoa tri.

« Nang lwong nay phai da Ién dé pha vé lién két hoa tri gitra cac
nguyén tir.

 Thuyét lwong t&r cho phép ta nhin md hinh nguyén t& dwa trén
nang lwong cla no, thwérng dwoc biéu dién dwdi dang gian dd

nang lvgng
12
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GIAN DO NANG LUONG

Khi nhin trén moét nguyén tr, cac electron trong nguyén tir sé
dwoc sap xép vao cac mwc nang lwong roi rac nhau tuy thugc vao
|&p va I&p con ma electron nay chiéem. Cac mirc nang lwong nay

giong nhau cho moi nguyén t.

Tuy nhién, khi nhin trén toan boé vat liéu, moi nguyén t&r con chiu
anh hwdng tr cac tac dong khac nhau bén ngoai nguyén tr. Do
do, mire nang lwong cua cac electron trong cung lIop va I&p con

c6 thé khdng con bang nhau gitra cac nguyén ti.
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GIAN DO NANG LUONG

Energy
A Conduction Band
- Conduction Band
Conduction Band
Band Gap IBand Gap
Valence Band
v Valence Band

Valence Band

Insulator Semiconductor Metal
Vung dan la vung nang luong cua cac electron tu do.
Vung hoa tr1 1a vung cua cac electron nam trong 16p vo ngoai cung,

ching mang nang luong thap hon so vd1 vung dan. —



GIAN DO NANG LUONG

S6 electron tw do trong vat liéu phu thudc rat nhiéu vao nhiét
dd va do dé dod dan dién cla vat liéu ciing vay.

Nhiét d6 cang cao thi nang lwgng cua cac electron cang Ién.
Vat liéu ban dan c6 hé s6 nhiét dién tré& am.

Vat lieu dan dién co hé sb nhiét dién tr& duong.
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BAN DAN LOAIN & P

Tong quan vé dong dién trong chat ban dan:

Trong ban dan thuan, mat dé electron tw do bang vé&i mat do 16
trong.

Trong thuwc té, ngudi ta sé tao ra vat liéu ban dan trong dé6 mat do
electron I&n hon mat do 16 trong hodc vat liéu ban dan coé mat do
16 trong I&n hon mat dd electron tw do.

Céc vat liéu ban dan nay dwoc goi 1a ban dan cé pha tap chat.
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BAN DAN LOAIN & P

Donor ions
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-Ban dan ma electron tw do 1a hat tai da s6 dwoc goi la ban dan

loai N, va ngworce lai, ban dan trong do 16 trong 1a hat tai da so

dwoc goi la ban dan loai P.
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BAN DAN LOAI N
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BAN DAN LOAI P
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CHAT BAN DAN PHA LOAI N
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Loai N hat tai dan dién da sé la cac e.
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CHAT BAN DAN PHA LOAI N

Ngoai ra, trong diéu kién nhiét 6 trong phong, con cé sinh tao
nhiét ciip dién tir — 16 trong nhung véi nong do rat bé.
Trong diéu kién can bang nhiét dng cho:
n, = Np +p, =Np
Va: n,.p,= N ;

Mat d6 16 trong thiéu so trong chat ban dan loai n cho béi:
ni
N b

P, =
22
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CHAT BAN DAN PHA LOAI P

Pha nguyén tu hoa tr1 3 (Bs) vao tinh thé Si:

B s& dung hét 3 dién tr vong ngoai cung dé lién két cong hoa
tri voi 3 dién tir ctia 3 nguyén tir ké can

Con lai 1 vi tri thiéu vi dién t& nén xem nhu c6 dién tich
duong va cac dién tr 1an can dé dén tai két vai 16 tréng cua B
va dé lai o vi tri d6 10 trong méi va hién tugng trén ctt tiép dién
- dan dién bang 16 trong.

1 nguyén tir B cho 1 10 trong, pha nhiéu nguyén tir B cho nhiéu
16 trong hon = dong dién cang manh
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CHAT BAN DAN PHA LOAIP
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CHAT BAN DAN PHA LOAI P

Ngoai ra, trong diéu kién nhiét d trong phong, con cé sinh tao
nhiét ciip dién tir — 16 trong nhung véi nong do rat bé.
Trong diéu kién cAn biang nhiét dng cho:
p,=N,t+tn, ~ N,
va:  p.n = ni

mit do dién tir twr do thiéu so6 trong chat ban dén loai P cho béi:
N A
25
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DONG DIEN TRONG CHAT BAN DAN

Tong quan vé dong dién trong chat ban dan:

« Trong vat liéu dan dién co rat nhiéu electron ty do.

 Khi & diéu kién mdi trwdng, néu dwoc hap thu mét nang lwong
nhiét cac electron nay sé dwoc giai phdng khoi nguyén tir.

« Khi cac electron nay chuyén déng c6 hwédng sé sinh ra dong dién.

. Po6i voi vat liéu ban dan, cac electron tw do ciing dwoc sinh ra mét

cach twong tw.
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SU DAN DIEN CUA CHAT BAN DAN

Metallurgical Junction
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DONG PIEN TRONG CHAT BAN DAN

Drnft
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DONG PIEN TRONG CHAT BAN DAN

- Viéc pha v& mét lién két hoa tri sé tao ra mot electron tw do
va mét 16 trong, do do s6 lwong 16 trong sé ludn bang s
lwong electron tw do. Ban dan nay dwoc goi la ban dan thuan
hay ban dan noi tai (intrinsic).

- Taco:n =p

n.: mat do eletron (electron/cm3)
p;: mat do 16 trong (16 trong/cm3)

- Khi 16 trong di chuyén ttr phai sang trai ciing dong nghia voi
viéc cac electron I&p vd ngoai cung di chuyén ti trai sang
phai. 0
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DONG PIEN TRONG CHAT BAN DAN

Khi mot hi€u dién thé duge dit 1én hai dau ban dan,
dién truong s& lam cho cac electron tu do di chuyén nguoc chiéu
dién truong va cac 16 trong di chuyén cung chiéu dién truong.

Ca hai su di chuyén nay gy ra trong ban dan mot dong dién co
chiéu cung chiéu dién truong duogc goi 1a dong troi (drift current).
Dong troi phu thudc nhiéu vao kha niang di chuyén ctia hat dan
trong ban dan, kha niang di chuyén duoc danh gia bang do linh
dong cua hat dan. D6 linh dong nay phu thudc vao loai hat dan

cling nhu loai vat li¢u.
32
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DONG PIEN TRONG CHAT BAN DAN

Khi trong ban dan c6 su chénh 1éch mat do
hat dan thi cac hat dan s& c¢6 khuynh huéng di chuyén tir noi
c6 mat d6 hat dan cao dén noi c6 mat do hat dan thép hon
nhim can bﬁng mat do hat dan.

Qua trinh di chuyén nay sinh ra mot dong dién bén trong
ban dan. Dong dién nay duoc goi la dong khuéch tan
(diffusion current).

Dong khuéch tan co tinh chat qua d6 (thoi gian ton tai ngan)

trir khi su chénh 1éch mat do duoc duy tri trong ban dan. 23
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