Chuong 2

« 1. Cac loai diod
* Diod chinh luu
* Diod cao tan, tich séng
* Diod Schokley
* Diod Zener
* Diod bién dung
* Diod quang
* LED, Optron
* Diod hong ngoai
* Diod LASER

1. Diod chinh lvu

= Pién thé 16n
= Dong dién 16n %X
Nén diod chinh luu :

> Ti€p xiic mit
> Hoat dong & tan s6 thap (ha tan)

St dung diod can tham kh4o bang Data:

PDM’ IFM’ IRM’VBR’ CD’CT’ f T

max? max
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2. Diod cao tan

Reverse Bias Breakdown

m Zenher BD
s Highly doned pnjct with small
depletion width w
# Eislarge due to small w,~ 108
icm
o wincreases with reverse bias, but

the potertial energy barrier of
decreases
Tunneling through o (d < ~10%cm
far tunneling) : require » ~10'7 e
doping for 3i

Vig 2 4B, I g

Vgp = ~4 5% for Si
Smallerer ¥gpwith Tincrease
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4. Diod Zener

= Tao dién th€ &n dinh (4p dung hiéu tng huy
thac).

= Moi diod zener ¢ tri s6 Vz khdc nhau 3,3 V;
3,9 V;5,1V;5,6V; 6,8V;7,5V; 10V; 12V... (tuy
theo cdch ch€ tao va mat do pha).

Khi st dung phdi tuin theo Datasheet:

I, <1, <1,

Dic tuyén Diod Zener

I
Vz 0 \Y
E{i _____ Izk
Ea— Iz
P, =Vzlz,,
__________ Iz,

Izk < 1z< 1,




5.Diod bi€n dung (Varicap Diod; Varactor)

» S dung dién dung chuyén ti€p khi phan cuc nghich néi
pn.

* Dién dung diod bi&n dung:
Cr = Cr (0 ) n ZF
)
V

Thudng n=1; C;(0)dién dungtai V=0V

Ap dung trong cdc mach:
> Dao dong cong hudng, mach diéu hgp trong TV, Radio
> Mach diéu khién tir xa
» Mach chon dai ty dong

Net Space
Charge Density M Diode voltage = -V,
. dQ= Incremental charge

eNd i Y,
&B@EB ® / Diode voltage = -(V,+dV,)
STACE

0, o\S.

(@

X

Space charge region

. Coep

(10-103) pF/mm?
% Forward
<t

= Diode Voltage

0 A

(b)

Fig.6.12: The depletion region behaves like a capacitor. (a) The
charge in the depletion region depends on the applied voltage just as
in a capacitor (b) The incremental capacitance of the depletion region
increases with forward bias and decreases with reverse bias. Its vaue
is typically in the range of picofarads per mm2 of device area.

From Principles of Electronic Materials and Devices, Second Edition, S.0. Kasap (© McGraw-Hill, 2002)
http://Materials.Usask.Ca

07/03/2017



3. Diod Schottky

» Ti€p gidp kim loai- ban dAn->biic tudng
adm va hat tai n6ng if

= Rio th€ thap 0,25 V

= Thoi gian tich trit khong dang k€ t=0

» Thai gian hdi phuc bé

» Dién dung tich trit vai phan mudi pF

St dung trong cac mach giao hodn, mach

logic, mach s&, mach tan s6 cao 20 GHz.

6. Diod quang (thu quang) - Photodiode
= Ap dung hiéu ¥ng quang — dién cuia cédc vat
licu Si, GaAs...
= Chuyén d6i 4nh sdng thu dudc tir bé mit trong
sudt thanh dong dién khi diod phan cuc nghich.
= Moi diod chi thu dudc mot bic xa nhat dinh.
St dung trong cic mach:
» Bao dong
» Do cudng do sang

RS

A 2 g
» b€ém san pham
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EHPs

exp(-aX)

Fig. 6.51: Photogenerated carriers within the volume Ly, + W+ Le
give rise to a photocurrent Iph. The variation in the photegenerated

EHP concentration with distance is also shown where « is the
absorption coefficient at the wavelength of interest.

From Principles of Electronic Materials and Devices, Second Edition, S.0. Kasap (© McGraw-Hill, 2002)
http://Materials.Usask.Ca

Neutral Niemiil
n-region & p-region
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Fig. 6.49: The principle of operation of the solar cell (exaggerated
features to highlight principles)

From Principles of Electronic Materials and Devices, Second Edition, $.0. Kasap (© McGraw-Hill, 2002)
http://Materials.Usask.Ca
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7. Diod phat quang (LED)

= Ap dung hi€éu ttng di€n quang

= LED phit sdng khi phin cuc thuan

= MOdi LED phéit mdt bifc xa nhat dinh tuy theo
vat li€u ché tao va chat pha:

budc séng=0,77-0,88 do

GaAs
Al,Sb
GaAsP
GaPZn
GaAsS
GaPN2

= 0,65

=0,57-0,58
=0.55-0,56

do

hd phach
vang

luc

Fig. 6.44: A schematic illustration of one possible LED device
structure. First nt is epitaxially grown on a substrate. A thin p layer
is then epitaxially grown on the first layer.

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

http://Materials.Usask.Ca
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s Es- Y c
""" TN
By A >
O<— Ey. S—
(a) GaAs, P,y <0.45 (b) N doped GaP

Fig. 6.45: (a) Photon emission in a direct bandgap semiconductor.
(b) GaP is an indirect bandgap semiconductor. When doped with
nitrogen there is an electron recombination center at En. Direct
recombination between a captured electron at Ex and a hole
emits a photon.

From Principles of Electronic Materials and Devices, Second Edition, S.0. Kasap (© McGraw-Hill, 2002)
http://Materials.Usask.Ca

Mach LED

LED danc6: Vp=1,6V—-2.2V; I;=5-30mA

Chon trung binh: Vj, =2V va I;; = 10 mA

Mach c6 dién tr§ R ndi véi LED véi nguénVec,cdch tinh tri Ry, tuy
theo tri s6 ngudn Vec:

Vcec=Roplpt+tVop=

+ Vce
S Vcec—Vo R,
I o I
Vee =5V 2 Ry =200 Ohm Chon 270 hodc 330 Ohm
=9V =700 Ohm Chon 680 v §
=12V = 1000 Ohm
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‘With forward bias
©)

(d)

AlGaAs

Fig. 6:46: (a) A double heterostructure diode has two junctions which
are between two different bandgap semiconductors (GaAs and
AlGaAs). (b) A simplified energy band diagram with exaggerated
features. EF must be uniform. (¢) Forward biased simplified energy
band diagram. (d) Forward biased LED. Schematic illustration of
photons escaping reabsorption in the A1GaAs layer and being emitted
from the device.

From Principles of Electronic Materials and Devices, Second Edition, S.0. Kasap (® McGraw-Hill, 2002)
http://Materials.Usask.Ca

Current

Ge Si GaAs

~0.1 mA

0 02 04 06 08 1.0

Fig.6.4: Schematic sketch of the |-V characteristics of Ge, Si

and GaAs pn Junctions

From Principles of Electronic Materials and Devices, Second Edition, S.O. Kasap (© McGraw-Hill, 2002)
http://Materials.Usask.Ca
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LED ap dung trong cac mach:

= Chi b4o, hién thi

= LED 7 doan trong cdc mayphdt, may do...

Diod ph4it — thu hong ngoai

» La nhitng diod phat- diod thu quang véi bic xa
trong linh vuc hdng ngoai.(buéc séng
khoang1.000nm)

> Pugc st dung trong cdc mach bdo dong, diéu

khién, phat — thu, dit li€u c6 tinh bao mat.

8. Diod LASER
= Diod khuéch dai 4nh sdng bing bifc xa clia phat xa
kich thich (Light Amplication by Stimulated
Emission of Radiation — LASER).
= Gi6ng nhu diod ndi nhung c¢6 thém bo phan lam dio
va cOng hudng tao ra 4nh sang k&t hdp cé citong do
16n va bitc xa thanh chiim tia tAp trung rit nhd.
= Ap dung trong thong tin sgi quang, kénh khong gian
(khong gidy), trong cic mdy CD, VCD, DVD, mang

may tinh...
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Current Optical cavity

Dielectric mirror contaming
active layer

PN 7 <V AN

Polished face

Dielectric mirror
§x N Fabry-Perot cavity
{ ., . e

Length, L
\

Height, H Width W Diffraction
limited laser bear

Fig. 6.56: A semiconductor lasers have an optical cavity to
build-up the required electromagnetic oscillations.

From Principles of Electronic Materials and Devices, Second Edition, S.0. Kasap (© McGraw-Hill, 2002)
http://Materials.Usask.Ca

B0 ghép quang (Optrons; Optoisolators; Optocouplers)

» Ghép nd6i LED va linh kién thu quang vao chung trong
mdt v6 kin nhiim truyén tin hiéu c6 tin bio mat hoic ¢
do céch ly dién tot hon bién thé ( 10’5 Ohm; 7.500V ),
tranh nhi€u dién tir xen vao tin hiéu, dit liéu truyén di.

= Cdc linh kién thu quang la : diod, transistor, FET,
SCR,DIAC ...quang

= LED }%2\{ Diod quang (thu); photodiod

07/03/2017
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Tunnel diode

# Degeneratedoping i n =M, g - Mlegativ
=N, — E above E, or below E, (ddl)

- p*and n* junction
& Tunnel diode operation

e dynamic resistance
region : type N

negati e resistance, voltage
controlled neg resistance

- “ery high dopings —small . ﬂ\ppllca.tlurjs e
depletion width & high electric # Switching: ossilation;
amplification

field — tunneling with small
forward or reverse biasing

- Mo time delay of diff or drift of

tunneling — high speed

circuits

Raa 7

=

low current operation

neling  Diffusion

=]
Eopd

N g
= =
d 8

Cac mach diod

I. Mach chinh luu

L. Chinh I bdn ky( H.1)

0 I 2
D
IL
L 4
“::: woDcC —
G <
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Cac cong thuc

L Mydt= L 7y sin wtd(at) =
VLDC_?J-O V, _27[-.‘0 V psin otd(wt) =
T 2
I sin otd wt +I Oda)t} =

—cos wt ‘”}:ﬁ{1+1}:&:
T

2 ) 2xm
Vo
VLDC:7:09318Vp:0945VLhd
V
LDC :7p: 09318(V p_VD)

2. Chinh luu toan ky (toan séng)
a. Chinh luu toan ky 2 diod

1: n2 ”
B'g“p 73 ﬁﬁ

& 1 iz |

07/03/2017
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Cong thdc chinh luu toan ky

17 1 2z,
W Z?J.o Vid ZZZJ‘o VpEnanial=

=ﬁ{ [ sinatdat + f@inatdai}:
272- 0 T
V(o % 2r| _
—27[{ cosat ‘0+( cosat ‘”}—
Vise =222 20,636/, =0.N g

T

-V
*\/mc:Z(V"jZ D)=0,636(vp—vD)

No_

N,
VP14 =
27z{+} T

b.Cau chinh luu ( 4Diod)
Xét mach chinh Iuu toan ky 4 diod:

Bri dge

oce

Vi ac
=Vpsi nwt
50Hz

07/03/2017
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Ban ky duong
VL
AR VA
JA

0 I
\ Vs Rp
/ \

—
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3. Cach hoat dong cua mach

« Mach dugc st dung khi chinh Iuu truc tiép tir
ngudn dién cung cap, hoic khi cudn thit cip
khong c6 diém gita.

* Ban ky dudng: Diod DI va D3 phan cyc thuan
nén dan ,D2 va D4 phin cuc nghich nén
ngung.Co dong i, qua diod D1 —-tai R; — D3 .

* Bédn ky am: Diod D2 va D3 phén cyc thuin
nén dan.D1 va D3 ngung. C6 dong 1, qua D2-
RL-DA4.

Cong thic :

VL[ﬁEVCDCZZ(Vip_Z\/D)/ﬂ-;Z\/ip/ﬂ-

Mach dién Chinh luu ban ky c6 loc

— s

Vi ac VobC +I LDC
=Vpsi nwt F§+C
50Hz R
0 °

07/03/2017
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3. Machloc
a. Mach lgoc trong chinh lwu ban ky

= Do tu loc ¢6 tri so 16n,nén dang séng nap
nhanh va xa chim , nén dang séng ra kha
thﬁng ( phazlng)

» Ta c6 hinh vé sau ( véi cach vé phong dai):

Cong thic chinh luu va loc

Theo hinh vé ta co :

— V CmaX+V cmin
V LDC — 2

V rpp — V cmax V cmin
Véi dién thé tu xa cho bdi:

Ve(t)=Ve =V e 'R

07/03/2017
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Do thoi hing 7 = R .C ritIén nén ta ¢6 T,/ R, C
rit bé, ta c6 thé khai trién theo cap s6 Taylor véi
bi€n x bé nhu sau:

Ta co: >
1{ T2
Ve(T) =Vomn(T2) =V| 1-—2 +—( ) _..|o

RC 2!
T>
= 1-
Vp( RLCJ

Dién thé trung binh ngo6 ra:

T,
VP+VP(1 ALC) ~ T,
2 =Vol =02

2R.C

Vipoc =

*Va tinh dugc dién th€ gon séng dinh dinh:
Va tri s6 dinh dién thé& ggn séng( ban ky):

Vrpp:V p_V p(l_T%Lc):V p(T%LC)

:Vrpp: VpTZ
2 2R,.C

Vrp

Do thdi gian xa T, rat 16n xem nhu biing chu ky
T, ta duge( T =1/f=1/50 ):

Vv Y 1_1— Y 1_0,01
P 2 f R.C ° R.C

10,01V,

®= Vet R.C R.C

\Y,

07/03/2017
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b. Mach loc trong chinh luu toan ky

Tuong tu ta co:

Vi ac
=Vpsi nwt
50Hz

o—

Ta c¢6 dang s6ng ngo ra:

Dang song ngd ra mach chinh luu
va loc toan ky:

cmax

Vemax = Vo Vip Vipp

07/03/2017

19



Do thdi gian x4 dién gan bing nifa chu ky
T, =T/2 = 1/2f nén thay vao cong thuc trén
ta cé két qua:

Dién th€ trung binh ngd ra:

v IV 1 _y [1-9.005
Loc P 4fR.C P R.C

vy 10,005V,
"V P4fR.C  R.C

Tri s6 dinh dién th& don séng:
1 0,005V ,
V rp = V P =
4fR.C R.C

Chi §: Khi c6 Vp (hay Vop) nhd, ta phai k€ dén
Vp, va thay Vop bing (Vop’):

» Mach chinh luu va loc 1 ban ky va toan
ky 2 diod:
Vop = Vop’=Vip-V,,
= Mach Iuu toan ky 4 diod (cau chinh Iuu):
Vop - Vop’ =Vip -2V,

07/03/2017
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Thanh phan don song (AC)

« Tri hiéu dung dién thé don séng

Dién thé xa c6 dang song tam giac

r

\Y

\Y

\%

Hé s6 don song r

Pinh nghia:

_ V. iha ) Vv _ YV pp _ VMV HT
V Lbc ’ 2 2 R .C
_ V rp _ 1 V pT 2 —

"B V3 3 2R .C

V

— 1 p
rhd (bk) \/37(2’ f )(R LC )

_ V o
rhd (tk) \/3_(4 f )(R LC )

07/03/2017
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K&t qua: Véi f = 50Hz
¢+ Chinh luu ban ky:

] (5800)10°°
= = bk
= BENRe) rR@CEH
¢+ Chinh luu toan ky:
2900)10°°
r= 1 :( )10 (tk)
V3(41)(RC) RUQC(F)
0,29
C=—>"—(F) (tk
(RL(Q)r%( ) (k)

1. B$ cap dién DC
1. B6 c4p dién don gian

= Mach gom cdc thanh phan chi yé&u sau:

Vac

Bi€n th¢ Ch.luu Loc Tai

Dién thé

khu vire

= Trong hau hét cic thi€t bi dién tif bin dan
déu st dung bi€n thé ha thé'.

07/03/2017
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»Cach phin giai mach tuong tu nhu da khéo sit &
trén.

Trong thuc t&( thi€t k&) phai xét dén cac chi tiéu k¥
thuat sau:

Bién thé:

*Tis6 vong: V,/V,=n,/n,

*Dong dién : I,/L,=n,/n,

=Congsuat: P,=P,> VI, =V, I,

> Diod chinh lvu hoic cau diod:

= Pién thé cuc dai, PIV

* Dong dién cuc dai, Isurge
= Cong suit, dii nhiét do

> Tu dién loc:

= Trij so dién dung C

= Pién thé' 1am viéc ( W.V)

07/03/2017
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2.B0 cap dién 6n dinh don gidn

a.Mach dién:

Rs dién trG gidi han dong
R, dién trd tai

Céac cbng thirc mach 6n ap Zener
« Dién thé ng6 ra:
Vooc = Vipc = Vz
« Dong dién:
L=L+l 2>L=1,-1
l1=(Vioc = V2) I Rg
I = V’LDC IR,
+ Cong suat tiéu tan :P,=V, |, <Py,
Prs =14%Rs
P.=V2/R_

07/03/2017
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Piéu kién d€ Zener hoat dong

« Khi chua mic diod Zener phai cé:

R.

Vioc=——Vioc>Vz ()
LT Rs
= Khi c6 mic diod Zener , ta cé:
V obc =V z;
P zm
lzk <l z<lzm = (1)
Z

Diéu kién dé diod hoat dong trong trudng
hop xau I, gan 0(A)

» Khi Rg¢( max)va R; ( min) va V.min

Vs(min)_VZ_ VL

=1 Z(min) =0

RS(max) R L (min)
Vsmm—Vz V. Vg

R s(max) Riming  Rimin

\ s(min) -V z \ s(min)
RS(max) = [— RL(min) = ——-1 RL(min)
Vz \:
~ Vis@min—Vz Vz
RS(max) - > =1 L (max)
| L (max) RL(min)

07/03/2017
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Piéu kién dé mach 6n ap hoat dong
trong ca 2 treong hop xau nhat

Chon Rs d€ diod Zener luén hoat dong trong

2 diéu kién xAu nhat 12 ¢6 cung mot lic céc

truong hgp sau:
(1) + Vibcmin Y2 Ippayt
Vibcmin —Vz
|z =— 1 Lmax 2 1 2« = | Zmin
Rs
— RS S ViDCmin _VZ (1)

I Z min + I L max

() + Vipemaz V2 |

Lmin

I Z :ViDCmaX_VZ _I Lmin < I Zmax
— RSZ ViDCmaX_VZ (2)
I Zmax+| Lmin
(1) :(2) N Vibcmax-V 5 <Rs< Viocmin —Vz
| Zmax T | Linin | Zomin T | Linax

07/03/2017
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2. Chon Rq khi c6 tai ho
Khi tdi h§ L,=0 va do d6 I, =1, :

|Z=|1max_

Vibcmax —Vz <o
Rs

Ta ciing c6 thé xét tryc ti€p diéu kién cong suit :

Pz=Vz1lz=< Pzum

Cac dai lugng dac trung

14

07/03/2017
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Suy ra:

IV.Mach xén (cat)
* 1.Mach xén song song
a.Mach xén trén

AV Ve

* Vi>0,6V: Diod din = Vo =V, =+0,6V
* Vi<0,6V: Diod ngung > Vo = Vi ( ban ky 4m)

07/03/2017
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b.Mach xén dudi

1k

0 * 0

* Vi>0,6V: Diod ngung > Vo = Vi ( ban ky dwong)
+ Vi>0,6V: Diod din = Vo=V,=-0,6V

c. Mach xén trén va dudi

Rs
O O
Vi Vo
/\U ok Yo N\
O O

« Vi>0,6V: Diod D2 din > Vo =+0,6V
« Vi<0,6V: Diod D1 din > Vo =-0,6V

07/03/2017
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2.Mach xén dung diod Zener

a. Mach xén trén

Vi>0: Diod Zener phan cuc nghich dan huy
thac> Vo= Vz

Vi<0: Diod Zener phan cuc thuan , dan nhu diod
thuong > Vo=-0,6V

b.Mach xén dudi

o
L Lk

ﬂu ™ A

.

= Vi>0: Diod Zener phan cuc thuin, dan nhu
diod thuong = Vo =+ 0,6V

= Vi< 0: Diod Zener phan cuc nghich dan huy
thac> Vo=-Vz

07/03/2017
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C. Mach xén trén va duwéi

N, I e

Vi >0: Diod Zener 2 din > Vo = +Vz2
Vi< 0: Diod Zener 1 din > V0 =-Vzl

V. Mach nang

= [a mach cOng thém thanh phﬁn DC vao
tin hiéu AC.

= Mach gém C,R va diod. Thuong chon thoi
hang RC>> 10T

= C6 nhiéu dang mach tuy theo cach mac
diod.

31



1. Mach nang dién thé DC dwong
c

+19,3%
p ] -, Tn
+10 o
. s R k)
U 1 ~i, "
=107
L "]

O ban ky am, diod din>Vo=-10,7V

O ban ky duong tiép theo diod ngung >tu C nap
day véi dién thé (Vp-Vp)+Vp — Vp =9,3V+10 —
0,7=19,3V

Pién thé trung binh 10-0,7 = 9,3V

3. Mach nang c6 phan cuc trudce
C
Vo

ﬁ % ) i +15V
. A

4,3V U
- 10V *

-5V

O

* Béan ky am:Vi <- 5V, Diod ngung Vo = - (V +Vpo) =
(0,7V+4,3V) =-5V

« Ban ky duong tiép theo: Diod ngung = tu nap diy 10V
+5V=15V

Vay tin hiéu ra van 20Vpp nhung véi tri trung binh +5V.

» Mach thuong dﬁpg dé nang dién thé thém cua tin hiéu
video trong truyén hinh.

07/03/2017
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2. Mach néang dién thé DC am

"-"._" " o,
v T 1Y

O ban ky duong, diod ddn> Vo =+ 0,7V

O ban ky am tiép theo diod ngung >ty C day véi
dién thé -[(Vp-Vp)+Vp—-V, = -
(9,3V+10-0,7) =-19,3V

Pién thé trung binh — (10-0,7) = -9,3V

Mach tach séng dinh — dinh

c 2By ooe AN

} VDC:2Vp
vp RL
VS <V>+ DI CDE2V,[+ < §

07/03/2017
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VI.MACH NHAN DIEN AP

« 1. Mach nhan d6i dién ap (ban ky - kiéu

Schenkel)

c1 2VpD2

¥

+ vpce b

2\/';[ =+2V|

» 2. Mach nhéan ba di¢n ap

07/03/2017
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« 3. Mach nhan bén dién ap

 a. Mach nhan doéi di¢n ap c6 mass

Vp D2
nl:n )L' ! N
+ .
Vac@ Sl v D1 v T

35



* b. Mach nhan ba di¢n ap c6 mass

» ¢.Mach nhan bon di¢n ap c6 mass

07/03/2017
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VIl Mach nhan déi dién ap kiéu De Latour

Mach c6 mass DC riéng

« Ban ky duong, chiéu dong dién > +

« Ban ky am tiép theo, dong dién = -
b1

..“_l-"mf _}.#_K ""Lw ;
@__IE S g 8
#ﬁi’[" - |

3. Cong logic dung diod

a.Cong AND : F=AB

F = 1 khi va chikhi c6 2 ngd vao déu ¢ mirc
cao,F = 0 khi ¢ 1 ngd vao xudng thap.

1 IB |A|F
A D1 R
A F w| |0 [0 0
o ) M ;
. 2 01110
Véi:l=mikccao=43-5V 1 1010
0 = mirc thip =0-0,7V 1 |11

07/03/2017
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« Phén giai cong AND

B A Vo
2 diod D1, D2 déu din oV | oV | 0,7V
D1 dén, D2 ngung (1\Y 5V | 0,7V
D1ngung, D2 din sV oy | 0,7V
D1 va D2 déu ngung SV 5V 5V
b.Cong OR: F=A +B
« F=1 Khi chi cin c6 1 bién 1én mitc cao .
DL
A FoA Vo
) = o
B R
= ||IB [A |F
* Mitccao=43-5V 0 10 |0
« Mikc thip = 0V 0 |1 |1
1 |0 |1
1 |1 |1

07/03/2017
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Phan giai mach cong OR

Diod D1 va D2 ngung

D1 din, D2 ngung

D1 ngung, D2 din

D1 va D2 déu din

B A Vo
ov ov ov
ov S5V | 43V
S5V 0V | 4,3V
S5V S5V | 43V

07/03/2017
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