Pién tr can ban
Bai: NOi p-n, Diode

I. CHAT BAN DAN
+ Phén biét chat dan dién, chat cach dién, ban
dan -> vung nadang ludng:
> Vung hoa tri
>Vung cam
> Vung dan
- Khoang cach cac vung nang lugng/phan bo
cac vung nang lugng.
- Ving cAm cua chat ban dan: ndng lugng ion
hoa 1,12 eV(Si) va 0,6 eV(Ge)
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Ving dan ‘/

C&p dién ti- 10 tréng,
Vung cam — do tac doéng nhiét

.., @
Vung hoda tri \

bién tu (e-)

L6 trong(hold)



Pién tr can ban
Bai: NOi p-n, Diode

* N;=p; va np; = n?

vOi:
n, mat dd dién tl tu do trong chat ban dan thuan
p; mat dd 16 tréng trong chat ban dan thuan

Ly thuyét ban dan cho :

gE

n; = AT “exp( ~ ) ")
trong dé: Ala hangso, T nhTiét do tuyét doi(Kelvin) °K,
Eg ndng ludng can thiét dé bé gady ndi cong hoa tri
(eV= 1,6. 101°]),
k hang s6 Boltzman(1,38.1023]/°K=8,85105eV/°K),
g dién tich dién t (1,6.10-19C).
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- O 300°K (27°C)
n. =1,5.1019/cm3 (Si)
=2,5.101%/cm3 (Ge)

-> rat nho so véi mat do nguyeén tu trong
mang tinh thé =5. 1022/cm3 -> chat ban dan
thuan dan dién rat yéu.

- Yéu cau: + Tang s6 lugng hat dan(e-/16
trong).
+ Giam Eg hay kich thudc vung
cam nho lai.
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II. BAN DAN LOAIN VAP

1. Ban dan loai n:

> SU dung cac nguyén to thuoc nhom 5 bang
PLTH(Phosphorus(P), Arsenic(As),
Antimony(Sb)) -> 5 e- I6p ngoai cung.

> 4 dién tu ngoai cung lién két cong hoa tri vai
4 dién tu cua 4 nguyén tu ké can. bién tu
thir 5 vi khong lién két nén dée dang di
chuyén trong mang tinh thée - dién tu tu do

> Do mat dien tu (th&r 5)-> mat trung hoa veé
dién -> ion duong
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- Hiéu Ung cho (Donor)

o—

Cap
dién tu-
lon +

(chat

Ion +

~——
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phy
Vung hoa tri

—

bién tu (e-)

C&p dién t- 10 tréng,
do tac dong nhiét
(chat ban dan)

L6 trong(hold)



Pién tr can ban
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- Két luan:
> Hiéu 'ng cho -> S6 hat dan ting Ién
-> Nang lugng Eg giam
> Chat ban dan loai n cé:
- Dlen tu tu do la hat tai da so, mat do n,

- L6 trong la hat tai thiéu s6, mat do P,
- Nguyén tu pha la nguyén tu cho->ion

duong, mat do N,
> Trong diéu kién can bang nhiét dong:
I“n = ,.,ND + pnz ND Vé I“npn = I‘|i2
Mat do 1o trong: 2

p =
n ND
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2. Ban dan loai p:

> SU dung cac nguyén to thuoc nhom 3 bang
PLTH(Boron(B), Gallium(Ga), Indium(In))
-> 3 e- I6p ngoai cung.

> 3 dién tu ngoai cung lién két cong hoa tri voi
3 dién tu cua 3 nguyén tu ké can. Con mot vi
tri thiéu dién tu -> coi nhu 1o trong kha
nang nhan them mot dién tu.

> Khi nhan dién tu -> mat trung hoa veé dién
-> jon am
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- Hieéu 'ng nhan (Acceptor)

Cip 16 [Vung dan ‘/

bién tu (e-)

trong -

ion am S
(chat Cap dien tu- o trong,
pha) —  do tac dong nhiét

®

(chat ban dan)

o o
T

\
RE

Lo tréng

L6 tréng(hold)
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- Két luan:
> Hiéu &'ng nhan -> S6 hat dan tiang lén
-> Nang luong Eg giam
> Chat ban dan loai p cé:
- Dlen t’ tu do 1a hat tai thiéu s6, mat do n,

- LO trong la hat tai da so, mat do p,
- Nguyén tu pha la nguyén tu nhan->|on

am, matdo N,
> Trong diéu kién can bang nhiét dong:
pp =N+ n, N, va n,p, = n;?
Mat do dién tu tu do: 2

_ N
N A

np
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III. NOI PN
1. Cau tao:

L&p ion am .
P < > Ving hiém  Lopion dwong

\Vung tiép giap
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2. Can bang nhiét dﬁEng Dién tir

LO tréng
Do chénh léch mat do ->
> Lo trong di chuyén tir 16p p dén n
> Dién tu tu do di chuyén tur n sang p

> Tao ra dong dién khuéch tan I, huéng tu p
dénn
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2. Can bang nhiét dﬁEng Dién tir

LO tréng
- Do vung hiém la hai I8p ion trai dau->
> Pién truong ndi E; huéng tu' n sang p
> E; => rao dién thé cho bgi:
N AN D KT

Vg VI , V. = —
ni Tq
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2. Can bang nhiét dﬁEng Dién tir

LO tréng
- Rao dién thé ngan can dong khuéch tan ->
can bang nhiét dong -> khong co dong dién
chay qua noi p-n.
- O'300°K, V; = 0,7V (Si)
= 0,3V (Ge)
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3. Phan cuc
a. Phan cuc thuan

> Eex

- Anode -> cuc ducng cua nguon
- Cathode -> cuc am cua nguon
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Pién tr can ban
Bai: NOi p-n, Diode
3. Phan cuc
a. Phan cuc thuan

> Eex

- Dién truogng ngoai E_ > dién truong noi E; va
ngudc chiéu -> rao dién thé (Vg-V) giam->
vung hiém hep lai=> noi pn cho dong thuan I;
Ian.
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3. Phan cuc
b. Phan cuc nghich c

A

-
) O @)
() O W) )

-+

V
- Anode -> cuc am cua nguon

- Cathode -> cuc ducng cua nguon
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3. Phan cuc
b. Phan cuc nghich c

ex

A

-
) O @)
() O W) )

+

V
- Dién trudng ngoai E_, cung chiéu dién
truong noi E, -> rao dién thé (Vg+V) tang->
vung hiém nd rong ra=> noi pn gan nhu
khong co hat tai qua vung hiém -> I = 0.
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Bai: NOi p-n, Diode

3. Phan cuc
b. Phan cuc nghich
«— E.,
A e oo © K
0 O O
- |+
V

- Thuc ra, khi phan cuc nghich, cé6 dong hat
tai thiéu sd, dudi tac dong cua dién trudng
ngoai, di chuyén qua ndi © dong nghich I,
rat nho (vai uA (Ge) va vai nA (Si)).

23
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Bai: NOi p-n, Diode
3. Phan cuc
b. Phan cuc nghich c

A

-
) O @)
() O W) )

+

V
- Dong nghich con goi la dong ri hay dong
ngudc bao hoa Ig (vi cac hat tai thiéu s6 qua
it va dat gia tri khéong doi — bdo hoa).
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4. Pac tuyén V-I

Lak (MA) A

Iag=+1mA --1

(ABTO0+=""0 [\
(A)IS0+=""n
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Pién tr can ban
Bai: NOi p-n, Diode

4. Pac tuyén V-I
- Lién hé gilra I, va V,

Vb

UVT

1o~ 1s[exp( ) 1]

Thudng trong diéu kién dan dién véi dong Ién,
ta co: n=1.
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Pién tr can ban
Bai: NOi p-n, Diode

4. Pac tuyén V-I
- DPién trd noi pn
> Dién trd tinh: dua vao dac tuyén

_V
RD_—D
I

<+ Khi phan cuc thuan Ry nho
< Khi phan cuc nghich R, rat Ién
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Pién tr can ban
Bai: NOi p-n, Diode
4. Pac tuyén V-I

- DPién trd noi pn Ay 4V
> Dién tré dong: - A D -=° D
Ip  dlp
Vp,_
d1_(exp( )7 1)]
dID = Vi = IS exp( V_D) =
dV D dV D VT VT
Vay:

_dV p _ V1 26mv (30 °K)

Id
dl p | |
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4. Pac tuyén V-1

- Pién dung noi pn

> Dién dung chuyén tiép:

- Khi phan cuc nghich, vung hiém néi rong va
khong co6 cac hat tai di qua -> cach dién ->
vung hiém xem nhu dién moi.

- Trong khi d6, & hai bén vung hiém tap trung
cac hat tai dién -> hai ban cuc cua tu -> Tu

dién c6 dién dung: . - . A
T 0]
W
V@i C,=11,7¢,(Si) va C,=15,8¢,(Ge), £,=8,85.10"12 F/m
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4. Pac tuyén V-1

- Pién dung noi pn
> Pién dung khuéch tan:

- Khi phan cuc thuan, do co su khuéch tan
cua cac hat tai qua noi pn

- Va khi dién thé phan cuc tang len mot lugng
dV thi co su gia tang mot lugng dq ->Tu dién
cO dién dung:

dg
-
° dv
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O Nhan xét

Ban dan I8p n: e: da s0, 16 trong: thiéu sd, ion

ducong

Ban dan I8p p: e: thiéu so, 16 trong: da s6, ion
am

Phan cuc thuan: Anode-> +, Cathode-> -

(Vak >0)
Phan cuc nghich: Anode-> -, Cathode-> +

(Vak <0)

31



Pién tr can ban
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d Nhan xét
- Phan cuc thuan: R, (dién trg tinh) nho
- Phan cuc nghich: R, (dién trgé tinh) rat Ién

:26 mV

I'd
I b

anode ; cathode
0 p)[ 0

2]
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5. Hiéu Ung Zener

- Hién tucng huy thac

Khi phan cuc nghich véi dién truong qua Ién
(dién ap phan cuc nghich qua Ién), cac hat
thiéu sé va cham véi nguyén tu pha vé lién két
cong hoéa tri lam ting cac hat dan, cac hat dan
nay va cham vGi nguyén tu pha va lién két
cong hoa tri -> dong nghich tang nhanh sé
lam hu ndéi pn -> huy thac hay sup dé.
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5. Hiéu Ung Zener

 Huy thac Zener:

Khi su pha va lién két cong hoa tri chi xay ra
trong vung hiém -> huy thac Zener/ hiéu 'ng
Zener -> Hiéu dién thé hai dau diode khi phan
cuc nghich khéong doi -> Hiéu dién thé Zener
Vz Forward

characteristic

Specified
Vulfage
0 £

Voltage
r\

Reverse
breakdowvwn

CGurrent
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5. Hiéu 'rng Zener
- Pac tuyén Diod Zener

[t
Vz 0| \%
i!‘““ Iz
Pu= VzIzm |
Ik <I;<Iy [ Iz
——————— Izm

« Ky hiéu:

Anaode D‘ Cathode
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