PAI HOC QUOC GIA THANH PHO HO CHi MINH
TRUONG KHOA HOC TU NHIEN

VAT LY LINH KIEN DIEN TU

Chap 2: MOI NOI PN - DIODE

Trinh bay: NGUYEN THI THIEN TRANG
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OUTLINE

< Téng quan chung

< Cau tao & ky hiéu trong so do mach

“ Nguyén ly hoat déng cua diode

< Pac tuyén Volt — Ampe cta diode ban dan

< Cac tham so tinh cta diode

< Sw phu thudc cua dac tuyén Volt — Ampe vao nhiét dé
** Phan loai diode

< ng dung diode
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CAU TAO NOI PN

|&p SiO 2

(substrate)
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CAU TAO NOI PN

rao thé
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PHAN CUC NOI PN

a.Phan cuc thuan
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Phan cwc thuan sé c6 dong dién chay qua diode
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PHAN CUC NOI PN

b.Phan cuc nghich
P N
Q@QQE |+ orese e

O + o
19990 cH Rt

-+

Phan cuc nghich khong c6 dong dién chay qua diode
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PHAN CUC NOI PN

W

|

When we bring P-type & N-type together a
depletion zone is created around the junction

This produces a barrier, blocking charge flow.

© J.C. Gl Lesurf Univ. 8t Andrews




PHAN CUC NOI PN

HIEN TWUONG HUY THAC

* Tuy nhién, khi phan cwc nghich voi dién tredng qua lon,
cac nguyén tl trong ving hiém bi pha v& lién két cong
hoa tri va do do sé di chuyén 6 at qua mdi ndi > Dong
nghich qua I&n trong khi dién thé khéng ddi (do dién tré
quéa bé) sé lam hw hong nbi PN (hay thac hay sup do).

 Huay thac Zener : Khi V< 6 v chi c6 sw pha v& lién két
cOng hoa tri.

 Huy thac tuyét do: Khi V > 6 v ngoai sy pha vé& lién két
cdng hoa tri con cod sy bt cac dién ti ra khoi cau tric
cua nd do suw va cham gilra cac hat tai c6 déng nang lén
v@i cac dién tr cua nguyén tur.
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CONG THU'C DONG DIEN

1.Biéu thirc dong dién noi pn
Ly thuyét va thwe nghiém cho:

lo=1s/exp(Vinv.)-1] 727 =1
trong d6 dong bao hoa nguoc cho bai:

— D.P D.N,o
_A P no , P =
I q[ L, L. ]

— Aq De =_DPn J.z
I_pND I_nNA

thwdng trong diéu kién dan dién Ién ta co: o




DAC TINH NOI PN

= Khi phan cwc thuan: V >4V -5 exp(V/V; >>1:
Ip =lz=l.exp(V/V;)  Ion
= Khi phan cwc nghich:|V|<< |4V, >exp(-V/V;) <<1:

2. Pac tuyen V - I: A
Ta c6 dwdng biéu dién: E
Vz 0
VD
-~ — Ja '
IzI\/I
10
= ¥
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DIEN TRO & DIEN DUNG MOI
NOI PN

a. Dién tr& tinh:

N
AN

Qg Vv vV

b. Dién tré dong:
I'd

dVp

= AVD =
o dlp

Al

11

Q

fppt.com



DIEN TRO NOI PN

«  Thuwdng thi do sw thay dbi nhé nén ta co:

1 dip d
=—= =——| |.exp(Vo/VT)-1|=
0, dvel, v L1s&XP(VoIVT) L
1 |
:—|Sexp(VD/VT):— =
VT VTQ
26
e rd_l(mA)
IDQ

« CO tri sO thwdrng rat bé (vai Ohm — vai chuc Ohm) xem
nhu khéng dang ké.

12
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DIEN DUNG NOI PN

a. bién dung chuyén tiép:

Khi phan cwc nghich, ving hiém n&i réng va khéng cé cac
hat tai di qua nén xem nhw cach dién (dién mai). Trong
khi do, & 2 vung ngoai vung hiém co cac hat tai dién (2
bang dan dién) = Tu dién cdé dién dung:

Cr=C é—C &

! ” Xd "W
Co=11,7&0 (Si)
Co=158¢&0 (Ge)

o= 8,85.10"? F/m

C; ¢O gia tri ttr vai phan mwdi dén vai chuc pF. 13
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DIEN DUNG NOI PN

b. Pién dung khuéch tan:
Khi phan cwre thuan, do co sw khuéch tan cua céc hat
tdi qua ndi, va khi dién thé phan cwc tang I8n mét

lwong dV th| co sy gia tang 1 lwgng dg;=> Tu dién co
dién dung cho béi:

dC]J
Cp= ny

Cp co tri vai nghin pF.

O tan sb thap, Xc=1/ wC - rat I&n, xem nhw tu hé
mach

O tan sb6 cao, Xc = 0 rat bé, xem nhuw tu nbi tat

Vay cac tu Cq, Cp lam ndi PN khéng hoat dong & tan

sO cao.
14
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PN - TRANG THAI CAN BANG

M&i ndi N — hat tai da so Ia electron, hat tai thiéu s6 1a 16 trong.

M&i ndi P — hat tai da s6 1a 16 trong, hat tai thiéu so 1a electron.

Donor ions

74

© = &
@

— Majority
carriers

——— Minority

carrier

Acceptor ions

Majority%’ +

carriers

Minority
carrier

p-type

(b)
15
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TRANG THAI CAN BANG CUA MOI NOI PN

Join n-type and p-type doped Silicon (or Germanium) to form a p-n junction.

P n
vl ) Creates a charge
1 Electron diffusion separation that
= sets up electric
: : = field, E
Hole diffusion > :
_
- |+
P i n
e+t
R

The Electric field will create a force that will stop
the diffusion of carriers 2 reaches thermal
equilibrium condition

fppt.com



Known as space charge
region/depletion region.

Potential difference across the depletion region is called the built-in potential
barrier, or built-in voltage:

V= kl/e k = Boltzmann’s constant

T = absolute temperature e = the magnitude of the electronic charge = 1 Ev
N, = the net acceptor concentration in the p-region

N, = the net donor concentration in the n-region

V; = thermal voltage, [V = KT /€] itis approximately 0.026 V at temp, T =
300 K
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TRANG THAI CAN BANG CUA MOI NOI PN

Vi du 1

Tinh V,; cia mdi ndi PN tai T =300 K, viing P c6 néng do
pha N, = 10" cm-3,ving N cé nong dé pha N, = 1017
cm=van,=1.5x10" cm.
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TRANG THAI CAN BANG CUA MOI NOI PN

e Vidu?
MGi nGi PN tai T = 400K, viing N duoc pha tap voi nong do N, =
108 cm vang P dwoc pha tap v&inong dé N, = 10° cm= . Tinh

V,,, cia moi nGi PN, v&i B va Eg clia Si lan lwgt 1a 5.23 x 1015 cm3
K32val.leV
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ANSWER

+ V.=kT /e=86x10°(400)/1eV =0.0344 V

« n =BT exp (-Eg/2KT)
=5.23x10"(400)3%?exp -1.1/2 (SGE( 106 ) (400) ]
=476 x 102 cm -3

« V,;=ViIn (NN, /n 2)
=0.03441n 10'8(10°0) / (4.76 x 1072 |
= 0.922V
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Reverse-Biased pn Junction

Is applied to the

versa.
Applied voltage Vg will

Direction of the E, is the same as that of the E-field in the space-

charge region.

In the space-charge region
above the thermal equilibrium value. Total

Increased electric field holds back the holes in the p-region and

the electrons in the n-region.

of the pn junction and vice

k2t p
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Reverse-Biased pn Junction

Hence, no current across the pn junction.
This applied voltage polarity is called reverse bias.

E oc charge so, since there is an increase of the electric
field in the depletion region, the number of charges
increases too since the width of the depletion increases.

Equilibrium

- Tt n Reverse Biased

fppt.com



PHAN LOAI DIODE

“ Diode chinh lwu

% Diode cao tan, tach séng
¢ Diode Schottky

“* Diode Zener

% Diode bién dung

*» Diode quang

*» LED, ghép quang (Optron)

26
*» Diode hong ngoai foptcom



PHAN LOAI DIODE

Diode 14 linh kién dwoc ché tao theo nguyén ly ndi PN,

nhwng dwoc phan loai theo nhiéu cach khac nhau:
> Vat liéu cau tao

> COng nghé ché tao

» Kich thwoc

» Mat do pha

» C6ng dung (chtrc nang)

Nén mét diode co khi cd nhiéu tén goi khac nhau (diod chinh

lwu, diod tiép xuc mét, diod ha tan...) !

fppt.com



1. DIODE CHINH LUU

= Dién thé Ion —==

= Dong dién I&n

Nén diode chinh lwu co6 cac dac diém:
> Tiép xdc mat
> Hoat déng & tan sb thap (ha tang)

S dung diode can tham khao datasheet:

I:)DM’ IFM’ IRM’VBR’ CD’CT’ f T

max? max

28
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2. DIODE CAO TAN

« Tiép xuc diém > Cy,C; nhd
Do do:
> Dién thé thap
> Dong dién thap
St dung trong:
Mach tach song Radio, T.V.

Mach logic, mach s6 (mach giao hoéan)

29
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3. DIODE SCHOTTKY

Tiép giap kim loai — ban dan = blrc twérng am va
hat tai nong

= T
Rao thé thap 0,25 V VAN
Thai gian tich trir khéng dang ké t.= 0
Théi gian hoi phuc bé
Pién dung tich tri¥ vai phan mwdi pF

S dung trong cac mach giao hoan, mach logic,
mach s, mach tan s6 cao 20 GHz

30

fppt.com



4. DIODE ZENER
= Tao dién thé on dinh (4p dung hién twong huy thac).
= M6oi diod zener ¢o tri s6 Vz khac nhau 3,3 V; 3,9 V;
5.1V: 5.6V: 6,8V: 7,5V; 10V: 12V.... (tly theo cach ché

tao va mat do pha).

Khi str dung phai tuan theo datasheet va diéu kién:

7 <17 <y, N

Pz = Vzl; <Py,
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4. DIODE ZENER

Pac tuyén Diode Zener

Vz 0 V

____________
N N

P,=Vzlzy,

- 1zk < 1z< |,

fppt\?t%m



5. DIODE BIEN DUNG (VARICAP DIODE)

. SL:P dung dién dung chuyén tiép khi phan cwe nghich
noi PN.
= Pién dung diode bién dung:

C+ =

jn 7~

 Thwongn=1; C;(0)dién dungtai V=0V
 Ap dung trong cac mach:

> Dao déng céng hwéng, mach dieu hop trong TV,
Radio

> Mach diéu khién tir xa
> Mach chon dai tw déng 33

fppt.com



6. DIODE QUANG (THU QUANG-
PHOTODIODE)

= Ap dung hiéu trng quang — dién cla cac vat liéu Si,
GaAs...

= Chuyén dbi 4nh sang thu dwoc tr bé mat trong subt
thanh dong dién khi diode phan cwc nghich.

= MGi diode chi thu dwoc mét birc xa nhat dinh.
St dung lam cam bién, bd do trong cac mach:

» Bao dong
» Do cwong dod sang &=
z > 2 N
» Dém san pham =

34
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7. DIODE PHAT QUANG (LED)
= Ap dung hiéu &ng dién quang
= LED phat sang khi phan cwc thuan

= MGi LED phat mét birc xa nhat dinh ty theo vat liéu ché
tao va chat pha:

GaAs budcsong=0,77-0,88 do

Al,Sb = 0,65

GaAsP do
GaPZn hd phach
GaAsS =0,57-0,58 vang

GaPN2 = 0.55-0,56 luc

35
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7. DIODE PHAT QUANG (LED)

LED dan c6: Vp=1,6V—-2,2V; I,=5—-30mA
Chon trung binh: V = 2V valp, =10 mA

Mach cé dién tré R, noi voi LED va nguon Vcc, cach
tinh tri Ry tay theo tri s6 nguon Vcc:

Vece=Rplp+Vp=—

+Vce ~_ Vcc— Vb RIE] o
Rpb
| b l
Véi Vp
Vcc =5V 2 R; =200 Ohm Chon 270 hoac 330 Ohm
=9V =700 Ohm Chon 680

=12V = 1000 Ohm 36
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7. DIODE PHAT QUANG (LED)
« LED ap dung trong cac mach:
= Chi bao, hién thi
= LED 7 doan trong cac may phat, may do ...
Diode phat — thu hong ngoai
La nhirng diode phat — diode thu quang v¢&i birc xa

trong linh vwee hong ngoai (bwéc song khoang
1000nm)

Pwoc str dung trong cac mach bao dong, dieu khién,

thu phat tin hiéu, dir liéu cé tinh bao mat. =

fppt.com



3. DIODE LASER

= Diode khuéch dai anh sang bang birc xa cta phat
xa kich thich ( Light Amplication by Stimulated
Emission of Radiation — LASER).

* Giong nhw diode n6i nhwng c6 thém bé phan lam
dao mat do dan so6 va buong cong hwéng tao ra
anh sang ket hop cq cwong do lon va birc xa thanh
chum tia tap trung rat hep.

= Ap dung trong thdng tin s¢i quang, trong cac may
CD, VCD, DVD, mang may tinh ...

38
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8. DIODE LASER

Optical cavity

Current —
Dielectric mirror | containing
Y active layer

-— N\ | AN

\
+ Polished face

7

%
%
.
.

Dielectric mirror

Fabry-Perot cavity

Te
‘e
3

Te
‘e
-

Length, L

i |
Height, H \pigth w Diffraction

limited laser bear

Fig. 6.56: A semiconductor lasers have an optical cavity to

build-up the required electromagnetic oscillations.
39

From Principles of Electronic Materials and Devices, Second Edition, S.O. Kasap (© McGraw-Hill, 2002)
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BO GHEP QUANG (OPTRONS —
OPTROISOLATION - OPTOCOUPLERS)

= Ghép noi LED va linh kién thu quang vao chung trong
mét vé kin nham truyen tin hiéu coé tinh bao mat hoac
c6 dd cach ly dién tot hon bien thé (10" Ohm; 7.500V
), tranh nhiéu dién ttr xen vao tin hiéu, dir liéu truyen

di.

= Cac linh kién thu quang la: diode, transistor, FET,

SCR, DIAC ... quang

;SR

= LED

Diode quang (thu); photodiode

40
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http://en.wikipedia.org/wiki/File:Diode-closeup.jpg
http://en.wikipedia.org/wiki/File:Dioden2.jpg
http://en.wikipedia.org/wiki/File:Diode_3D_and_ckt.png
http://en.wikipedia.org/wiki/File:Diodes.jpg
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DIODE — GIAN PO NANG LUONG

< >
Depletion Region
p(x)
2 OANp—+
‘w0
C
()
Q
GEJ’ X
@©
L
= R 42

The remaining stationary charged particles results in areas with a net chargefppt.com



PIEN TRUONG

p(¥) * Dién trwong E la ham
tich phan cua mat dé
dién tich
’ »  Phwong trinh Poisson
dE _ p(x)
dx E

X
\/ ¢ 14 hang so dién méi cua

Si

o)
P
]
1
|

Charge Density

o)
2
>
1
I

m

Electric Field
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THE NANG
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GIAN PO NANG LUONG
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GIAN PO NANG LUONG

p-type n-type



PN - CHUA PHAN CUC

V p = = =
I A Cac electron hoac 16 trong
fv,=0 lang thang trong vung
PN ngheo sé co thé bi quét vé

phia bén kia thGng qua

dién treong

*M6t sb electron va 16 trong
) tich IOy da dang lwong dé

Ec es khuéch tan qua dwoc ving
\ 0‘0‘0‘0 ng heo.
e *Khi khong phan cwc
000 \ L=,
o¥e) drift diff
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PN - PHAN C

F'C NGUQ'C




PN - PHAN CUC THUAN

VA

.........

fppt.com



50

fppt.com



