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1. Chat ban dan.
Chéat ban dan 1a nguyén liédu dé san xuat ra céac
loai linh kién ban dan nhw Diode, Transistor, IC
Chéat ban dan la nhitng chat cé dic diém trung
gian gitra chat dan dién va chét cach dién
Vé phwong dién hoa hoc thi ban dan Ia nhing
chét co 4 dién t&r & 1&p ngoai cung cla nguyén tor.

do 1a cac chat Germanium (Ge) va Silicium (Si).

1. Chat ban dan

1.1. Chat ban dan thuan

Xem chat ban dan vai sé dién tir vong ngoai cung 2n2.
Cac nguyén tr Si (14), Ge (32) c6 4 dién t&r vong ngoai
cung, nén twong déi bén.

Tinh thé Si (hoac Ge) do cac nguyén t& gan nhau co lién
két cdng hoa tri, nén mdi nguyén t& Si xem nhw cé 8 dién
tlr vong ngoai cung nén kha bén, khéng co trao ddi dién

tlr v&i chung quanh, nén xem nhw khong dan dién.




'Nguyén t& Si., (theo BOHR)

electron -

Nguyén t&r Ges,

C6 cau tao bén
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Tuy nhié€n, duéi tdc dung nhiét (hodc dnh sdng, di€n
trudng, ...), mot sd dién tif nhan dudc ning lugng du
16n hon niing ludng lién k&t cong ho4 tri (ning lugng
ion hod 1.12 eV d6i véi Si va 0,6 eV doi véi Ge) nén
c6 thé bitc khdi sy rang budc néi trén dé trd thanh
dién t tu do va dé dang di chuyén trong mang tinh
thé - Si trd nén din dién.

Khi c6 1 dién ti rdi khdi vi tri sé d€ lai tai d6 mot 16
trong mang dién tich duong = cdc 18 trong di chuyén
ngudc chiéu véi dién tir ty do.

Hién tugng trén dudgc goi la hi€n tugng sinh tao nhiét
cip dién tir tw do — 10 trong.

Sinh tao cap dién tl tw do - 16 tréng
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= Hinh vé& sau ddy dién td hinh dnh néi trén

chiéu di chuyén ciia dién t¥ tuw do

CIC NN O,
"N W BON
"N el M
RO N N

JA . 2 X
chi€u di chuyén cua 10 trong

= Khi ¢6 1 dién tir d&€n chi€m chd 15 trdng 1am trung
hoa vé dién tich va tdi tao lai ndi lién k&t cong hod
tri dugc goi 1a hién tugng tai hgp cip dién ti tw
do — 16 trong.

= O nhiét do c6 dinh ta c6 su cin bing gitra hién
tugng sinh tao va tdi hop cip dién t& ty do 16
trong, hay: Cmp; = nl2

n;=p; va

Iy

véi:
n; mat do dién t tw do trong chdt ban dan thuan

p; mat do 16 trdng trong chat ban din thuan.
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Ly thuy&t ban din cho :

ni = AT’ exp(—qE ./ kT)
trong do:
A 12 hiing s& tuy thudc chat bin din
T nhiét do tuyét ddi (Kelvin) °K bing t°C + 273°C
Eg ning lugng can thi€t d€ bé giy ndi cong hod tri
eV=16.10"1]
k hiing s6 Bolztman = 1,38.10-23]/°K=8,8510e V/°K
q =1,6.10"1°C, dién tich cla dién tir .
0 300°K,  n,=1,5.10"% cm? ( Si)
=2,5.10"%cm?3 ( Ge)

nhung rat nhé so véi mat do nguyén ti trong mang tinh thé =
5.10%%/cm?3, nén chi't ban din thuin din dién rat yéu.

1.2. Chat ban din pha

1.2.1. Chat ban din loai n

Pha nguyén tif hod tri 5 (P,5 )vao tinh thé Si:

P sé& dung 4 dién tif vong ngoai cuing d€ lién két cong
hod tri v6i 4 dién t cia 4 nguyén t k& can.

Con lai 1 dién t tht 5 vi khong lién két nén dé dang di
chuyén trong mang tinh thé > dién t¥ tv do = din
dién.

1 nguyén t&f P cho 1 dién t ty do, Pha nhiéu nguyén ti¥
P cho nhiéu dién t& ty do hon=> dong dién cang manh.
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= Chatbdn din loain

1.2.1. Chat ban dan loai n

= Chét ban dan luc nay tré thanh thra dién t& (mang dién

am) va dwoc goi la ban dan N (Negative: am ).

GlEIE
OO0
@O0
OO0

Chét ban dan N
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Ngoai ra, trong di€u kién nhiét dd trong phong, con c6 sinh tao

nhiét cip dién tif — 16 trong nhung véi ndng do rat bé.

K&t luian : Chat ban din loai n c6:
Dién t ty do 12 hat tdi da s6 matdo n,,
L trong 12 hat tai thi€u s§ , mat do p,,
Nguyén ti P 12 nguyén tf cho, mat dd Np,,
Trong diéu kién cdn biing nhiét dong cho:
Iln=ND+pn ~ ND'
va:  n.p,= n;
mat dd 16 trong thi€u s6 trong chi't ban din loai n cho bdi:

2
i

1.2.2. Chat ban din loai p
Pha nguyén t ho4 tri 3( B )vao tinh th€ Si:
B sé& dung hét 3 dién ti vong ngoiai ciing d€ lién két
cdng hod tri v6i 3 dién tif cia 3 nguyén tif k&€ can
Con lai 1 vi tr thi€u vi dién t¢ nén xem nhu c¢6 dién
tich duong va cdc dién it 1an cin dé dén tdi k&t vdi 16
trong ctia B va dé lai &vi tri d6 16 tr6ng méi va hién
tugng trén cit ti€p dién—> dan dién biang 16 trong.

1 nguyén tf B cho 1 16 trong, pha nhi€éu nguyén ti B

cho nhiéu 16 trdng hon=> dong dién cang manh.
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= Ch4tbdn din loaip

= Khi ta pha thém mét lwong nhé chét c6 hoa tri 3 nhw
Indium (In) vao chét ban dan Si thi 1 nguyén t& Indium
sé lien két v&i 4 nguyén t&r Si theo lién két cdng hoa tri
va lién két bj thiéu mot dién t& => trd thanh 16 trdng

(mang dién dwong), dwoc goi la chat ban dan P.




Ngoai ra, trong di€u kién nhiét dd trong phong, con
c6 sinh tao nhiét cip dién tif — 16 trong nhung véi ndng
do rat bé.

Keét luan : Chat ban din loai p cé:
bién tif ty do 12 hat tdi thi€u s6 matdo n,
Lo trong 12 hat tdi da s6 , mat do p,,
Nguyén t& P 1a nguyén t& nhdn, mat do N,

Trong diéu kién cAn biing nhiét dong cho:

pp = NA + np ~ NA'
Va:
2
pp' p = M ” " " .
mat do dién t tu do thi€u so6 trong chit ban dan loai p cho bdi:
2
ni

np_
N 4

2. Su dan dién cia chat ban dan

a. Dong troi
Dong dién do cédc hat tai chiu tic ddng ctia dién trudng dugc
goi la dong troi.
Cudng do dong dién 1a tdng s& hat tai dién di chuyén ngang
qua tiét dién A véi van toc v .
Mat @6 dong dién trong don vi thé tich cho bdi:
J,=Qv
trong d6 Q, =nq ( dién t ty do)
Q,=pq (16 trong)
V. = H o6
Vo, = M ,6

3/7/2022
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Mat @6 dong dién tédng cong:
J=J.,+J,=qnu+qpu g =
=q(nu,+ u,p)é

Theo dinh ludt Ohm ta con cé:

J = o ¢
Suy ra dién din suit:
o=q(nu,+pu,)

va dién trd suit:

1 1
p=—=
o q(nﬂﬁpﬂ,,)
b. Dong khué&ch tan

Dong khué&ch tdn 1a dong do cic hat tdi di chuyén tif ndi c6
mat do cao sang ndi c6 mat do thap.
Mait do dong khué&ch tdn cho bdi:

J, = —gp L2 (Alm?) (15 trong)
dx
dn
Joa= 4D . ( Alem2) ( dién tir )

V6i D,va D, 1an lugt 1a hé s6 khuéch tén cta 16 trong va dién
t tuw do cho bdi hé thic Einstein:

DF=D”=kT
Mo, H, 1

=VT

3/7/2022
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®= Va cac hé thirc khac:
_r2
Dytp,=Lp
Dutn=Lax

LP va L, 1an lugt 12 khodng dudng tu do trung binh cla 18
trong va dién t ty do

Dong dién téng cong trong thanh ban din la:
J=J 4+

2. Noi p-n

2.1. Cau tao

16p SiO,

mang méng10 ™~~~
um| LW A

(substrate)
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2.2. Can biing nhiét dong

Do céc hat t3i khuéch tdn va tdi két trong viing gan ndi=>
ving hi€m (ving khi€m khuyét) hai bén ndi (ving khdng
con hat tai di dong ma chi con cdc ion cd dinh).

Viing hiém

J

00
()

«—>

Khi J=J,+J,; = 0 = cin bing nhiét dong—>
Dién trudong noi dat tri nha't dinh Ei va rao dién th&

cho bdi:
VB — Vrln N,4]2VD
ni;
3 300°K , Vy=0,7V (Si)
=03V (Ge)

Vay ndi p-n khong din dién (I = 0) khi chua dudc cap
dién (phan cuc)
Muén ndi p-n din dién phdi phan cuc bing ngudn cip
dién DC @€ lam gidm rao dién th& hay 1am hep viing
hi€m.
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2.3. Phan cuc ndi p-n
a.Phan cuc thuan E

ex

Do tdc dong cla dién trudng ngoai, rao dién th€ gidm (Vp-V) rat bé,
viing hi€m gidm hoic triét ti€u=>ndi pn din dién v6i dong thuan
I, khd 16n.

b. Phan cuc nghich E.,

NP PP

OO O@@
E.

1

V| VgV

i

| ’+V

Rao thé gia ting ( Vz+ V), ving hi€m néi rong=> gin nhu khong c6 hat
tai di chuyén qua néi, ndi pn ngung din (I =0).

3/7/2022
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Thuc ra, khi phan cuc nghich, c6 dong hat tai thi€u s6 duéi
tdc dong clia dién trudng ngoai di chuyén qua ndi = dong
nghich I rat bé ( vai uA v6i Ge va vai nA véi Si ).

Dong nghich nay con goi 1a dong ri hay dong bao hoa
ngugc I (vi cdc hat tdi thi€u s& qud it nén nhanh chéng di

chuyén hét qua ndi va dat ngay tri s6 khong ddi — bao hoa ).

Dppno+Dn”p0 = Ag Dy n Dy nlz

Lp Ln LpND LnNA

[=4q

c. Hién tugng huy thac
Tuy nhién, khi phan cuc nghich vé6i dién trudng qua 16n, céc
nguyén ti trong ving hi€m bi ph4d v& lién két cong hod tri
va do d6 sé& di chuyén 20 at qua ndi = dong nghich qud 16n,
trong khi dién th€ khong ddi (do dién trd qud bé) s& 1am hu
hdéng ndi p-n (huy thdc hay sup dd).
Huy thic Zener : Khi V< 6V chi c6 sy ph4 v lién két cong
hoa tri .
Huy thic tuyét do: Khi V > 6V ngoai sy phd v lién két
cong hod tri con c6 su biic cdc dién ti ra khdi ciu tric clia
n6 do su va cham gitra hat tdi c6 dong ning I6n véi cac dién
ti cia nguyén tu.

3/7/2022
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2.3. Pic tinh ndi p-n

1. Biéu thidc dong dién ndi p-n
Ly thuyét va thuc nghiém cho:

Ip :IS[GXP(V/UVT) _1:|
trong d6 dong bao hoa ngugc cho bdi:
Is:AQ[D » P ""+D pit POJ:

L P LV!

LpND LnNA

Thudng trong di€u kién din diénléntacé: 7 = |1

» Khi phan cuc thudn: V>4V, 2> exp(V/V>>1:
I =I=Lexp(V/Vy) 16n

- Khi phan cuc nghjch:’V ‘<< ’4\7T r%exp(-V/V ) <<l:
Ip = Ip=I

2. Diac tuyén Ampe-Volt 1

Ta c6 dudng bi€u dién: I

3/7/2022
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Fig.6.15: Reverse [-V characteristics of a pn junction.

From Principles of Electronic Materials and Devices, Second Edition, S.O. Kasap (© McGraw-Hill, 2002)

http://Materials.Usask.Ca

I (mA)

Ves
R

The diode and load line characteristics for the circuit shown in

Figure 1.24

3.0

=25

~2.2

2.0

1.5

1.0

Diode I—V
characteristics

. — Q-point

Load line

L

a
N
oyl
N

Vp (volts)
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3. Pién trd ndi p-n In
a. Dién trg tinh

_Vp
IDQ

Rp

v

0 V
b.Pién tré dong:
AVp dVp
’/’d = =
Alp 0 dIp 0
Current
Tangent
I+dl
1
v
Voltage
0 05 7V
V+dv

Fig. 6.14: The dynamic resistance of the diode is defined as dV/dI
which is the inverse of the tangent at /.

From Principles of Electronic Materials and Devices, Second Edition, S.O. Kasap (© McGraw-Hill, 2002)
http://Materials.Usask.Ca
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Thudng thi do sy thay ddi nhd nén ta c6:

l_d]D

gl = —=
! rad dVD

d
Q:%[]Sexp(VD/Vr)—l]z

:L]SGXP<VD/VT)=Q =
Vr

Tl

Cé tri thudng radt bé (vai Ohm — vai chuc Ohm ) xem
nhu khong ddng ké.

4. Dién dung ndi p-n
a. Pién dung chuyén ti€p
Khi phin cuc nghich, ving hi€m ndi rong va khdng c6 céc hat
tdi di qua nén xem nhu cach dién (dién moi). Trong khi d6, & 2
vling ngoai ving hi€m c6 cdc hat tdi dién (2 ban dan dién)~>
Tu dién c6 dién dung:
Cr=C A C A
T o . o W
Co=11,7€0 (Si)
Co=158&0 (Ge)
& .= 8.85.10"2 F/m

Cy ¢6 tri tif vai phadn mudi d&€n vai chuc pF.

3/7/2022
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b. Pién dung khuéch tan
Khi phan cuc thuin do c6 su khuéch tdn clia cdc hat tdi qua
ndi, va khi dién th€ phin cuc ting 1én mot lugng dV thi c6
sy gia tdng mot lugng dg;=> Tu dién c6 dién dung cho bdi:

_dg

Co=p

Cp c6 tri vai ngan pF.
O tAn s thap Xc=1/ wC - rdt 16n, xem nhu tu hd mach.

2 A A A 0 AN L
O tin s6 cao Xc = 0 rat bé, xem nhu tu ndi tit .

Vay cdc tu Cy, Cp 1am ndi pn khong hoat dong & tin s cao.

SCL Neutral n-region

p,'(0) when V+dV
p,(0) when V

pno

Fig. 6.13: Consider the injection of holes into the n-side during
forward bias. Storage or diffusion capacitance arises because
when the diode voltage increases from V7 to V+dV then more
minority carriers are injected and more minority carrier charge is
stored in the n-region.

From Principles of Electronic Materials and Devices, Second Edition, S.O. Kasap (© McGraw-Hill, 2002)

http://Materials.Usask.Ca
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Mach tudng ctia ndi p-n

» Khi phan cuc thuan .—{ —
- Khi phan cuc nghich — -
- Mach tuong & cao tan rd
—
| |
| |CD
SN B
Cr
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