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Chuwong 1: Dung cu ban dan
$1: Khai niém chat ban dén
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e Mirc chat con goi la mirc hoa tr1: nang luong Eo
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« Mirc tu do con goi 1a mirc dan: ning lugng Ed
» Ning luong kich thich t6i thiéu: AEd=Ed — Eo



Khai niém chat ban dan

nho

Cach dién Ban dan dién Dan dién

Do tinh khiét cua chat ban dan rat cao le+2 -:-

le+4 nguyén tir trong mot centimet khoi Si hoic .
Ge (luu y 1a ¢6 khoang 10?3 nguyén tir Si/centimet Vun
khoi chung



« Dbi véi cac dién tw 16p bén trong, nhiéu loan do cac
nguyén tir lang giéng gay ra yéu nén ching lién két manh
vO1 hat nhan

e (Cac dien tir 1op ngoai chiu anh hudng 16n cua cac dién tur
lang giéng nén su taich mirc ning lugng xay ra trén mot
vung rong, gay nén hién tugng chong phil cac mitc ning
leong 1én nhau.

« V&1 S1, 16p ngoai cung dugce tao thanh boi 2 dién tir p va 2
dién tir s. Khi tinh thé duoc tao thanh thi cac vung do cac
murc 3p va 3s tach ra chong phul 1én nhau, hai dién tir 3s va
hai dién tir 3p tao nén mot vung day goi 1a vung hoa tri,
bon vi tri con lai trén muc 3p nhom thanh moét vung chua
biét goi 1a ving dan.



Lién két mang Si

Lién két cong hoa tr1 dugc su dung trong mang.

Néu c6 kich thich ning luong s& tao ra mot ion duong va
mot dién tr tu do

S6 lugng dién tich rat it nén khong tng dung dugc



VUing dan

Ving cdm

Vung hoa tri
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Khoang cach gilra
cac nut mang

Khoang céch gilta cac nguyén

Hinh I.1. Cédu triic ving ndng lirgng cra tinh thé sitic o OK.
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Hinh 1.2. Sir phan bo dién tie theo ndng hvong.

{ NE b"/ (" R
(E) K o « @
i o |
b,

Hinh 1.3. Mt d¢ cdc mite nang higng trong vitng dédn va vieng hoa i
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Hinl 1.6. Sif thay déi ciia n; theo nhiét d6 o mot s6 bdn ddn chii yéu.



Dién tr phan bo theo thong ké Fermi-Dirac vd1 xac suat chiem
muc nang luong:
1

fE)=———
1+exp( KTF]

Trong do:

K = 8,63.10-5¢V/K 14 hang s6 Boltzman

T: nhiét d6 tuyét doi

E, 12 muc ning lugng Fermi duoc xac dinh tir biéu thuc:

n= j: ON(E) f(E)d(E)

n la nong do di¢n tur,
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Hinh 1.7. Sir thav doi mdt do dién ne theo nhiét dé ki Ny = 1) /mr 3



Ban dan pha tap chat hoa tri 3 - loai p (plus)

e Pha tap chat hoa tri 3 (Al, B) dé ting kha ning thu hut dién tir, ta c6
loai dan dién bang 16 trong.



Ban dan pha tap chat hod tri 5 - loai n (negative)

 Phatap chét hod tri 5 (P) s€ tao 1 dién tur du khi lién két cong hoa tri
nén dién tir nay s€ dé tu do va chuyén dong trong dién truong tao nén
dong dién tur, loai n dugc goi 1a ban dan dan dién bang dién tr.
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Hinh 1.10. Dién trd sudt ciia Ge va cra Si thay doi theo nong do tap chidt o T = 300K,
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e} Sir thay doi cria dg linh dong ciia Ge theo ning do.
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b) Sur thay d6i cliv dé lindt déng ciia Si theo ndng d tap chit

Hinh 1.11. B¢ linh déng thay doi theo ndng dg tap chidt
N, va Ny ciia Ge(a) va ciia Sith) o nhiét do phong.
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$2. Tiép giap p-n va dic tinh V-A
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 Phan 136 hat dan, dién trudong noi tai va dién thé tiép xuc trong hai mién
ban dan p-n



Ti€p xi.'lc P-N

Loai P Loai N

: T~wving dién tich khéng gian 0,5 pm
bBién tich khéng gian
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E(x) Dién trudng
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Hang rao thé&
d5&i vai diéen tor
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Finh Z.1. Chuvén ticp P-N chiva plicine eire.
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Hinh 2.2, Sir phdan bé hat tdi va dién trirong, dién thé trong ving dién tich Khong gian.
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Hinh 2.4. Sir phin bo' dicn tich trong viing chuveén riép.



Tiép giap p-n phan cuc ngugc

Vung ngheo U

Khi phan CUcC nguoc, mién cach dién dugc mo rong ra do dién tru’Gng
ngoai cung chleu E,, co tac dung kéo cac hat dan v€ hai phia cua lop
ban dan, mién giira chi con cac nguyén tir trung hoa tro, dién trd cach
dién dugc coi nhu vo cung

Thuc té do kich thich cta nhiét d6, nén mot sb nguyén tu s€ tao thanh
cap ion p va dién tu, s€ gady mot dong ro nhiét chay nguoc c& vai chuc
nA(nanoAmpe= 10°A)



Tiép giap p-n phan cuc thuin

Khi phan cuc thuan, cac hat dan sé& chuyen dong qua lai hai 16p va hoa
tron vao nhau, mién phéan cach chira day cac hat dan do d6 mat tinh
cach dién.

Dién tro cua tiép giap p-n luc ndy coi nhu bang 0, dong dién chay qua
hoan toan.

Nhu vay, tiép giap p-n chi cho dong chiy qua mjt chiéu
nhat dinh.
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Hinh 2.8. Cde trang thdai ctic (ior.

~Y



e(t)(

e(t)

VR

Hinh 2.9. Chuvén mach tr din sang déng.
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Hinh 2.10. M6 hinh héa ciia mgt diét Iy twong.



Pic tinh V-A cua tiép giap p-n

v

Vung 1: vung phan cuc thuan

Vung 2: vung phan cuc ngugc

Vung 3: vung danh thing, cac nguyén tir ban dan bj ion hoa toan bo
khi dién truong du 16n, gay ra hi¢u ting 1on hoa day chuyén do va
cham



Anode A >| Cathode K

La mot tiép giap p-n
Tuy theo cong dung ma mat do hat dan trong khoi ban dan khac nhau

Mot s6 loai diode thong dung: chinh Iuu, tach song, zener, tunel,
varicap, schotky, gun ... dic tinh cac lao diode nay dugc mo ta chi tiét
trong cac tai lieu ki thuat



* DIODE

Diode 1a mdt tiép xuc p-n.

C6 nhiéu loai diode v6i nong do hat dan khac
nhau d¢ tao nén nhirng dac tinh khac nhau.

Diode chinh luvu: néng do tir le+7 dén le+10, chiu
duogc tan so thap

Diode zener dung dé on ap, nong do le+134 dén
le+19 (xem internet)

Diode tach song: 1a tiép xuc kim loai — ban dan,
dang chinh luu, chiu dugc tan so cao va dong dién
bé. (xem 1nternet)



* DIODE

* Diode duong ham (tunnel), nong do cao hon
le+19. trong ca hai 10’p, goi1 1a ban dan suy bién.
Nén vung chuyen tlep cO khoang cach nho (IOAO)
Nén diode loai nay c6 vung dién tr¢ vi phan am.
(xem internet)

» Diode Gunn GaAs: khi tac dong vao mau tinh thé
mot dién truong manh thi trong tinh thé xuat hién
cac dao dong siéu cao tan, goi la hiéu tmg Gunn.
(xem internet)

* Diode PIN: cau tao tur 3 16p ban dan, trong do hai
16p p™ va n™ pha tap manh, kep gitra mot miéng
tinh thé T co d6 day lon hon. Loat nay dung che
tao nhitng bo chinh luu coéng suat 1én va tan so6
thap. (xem internet)



Cac loa1 diode thong dung

» Diode Varicap(Variable Capacator) bién dung, thudng
dung trong ki thuat dao dong dé 6n dinh hay di€u chinh tan
SO. (xem internet)

» Diode Schotky: thuong dung trong ki thuat xung s6 dé tao
xung dao dong. (xem internet)



b) Dién tr¢ dong

Yol/K
A
v 0,07
a) Pic trung -0,07

¢) Hé s4 nhiét d6

Hinh 2.11. Cdc dic trimg cria mot didtr zener,



*Trong vung chuyén tiép phan
cuc nguoc, xuat hién mot dién
trudong manh

«Cac dién tir lién két co the
chuyén sang dang tu do

*Cac dién tur c6 nang luong E
& phia P ¢6 thé chuyén sang
vung dan bang cach chui hang
rao thé (hiéu tng tunnel)

*Hi¢u ing tunnel xay ra khi
mat do tap chat cao, vung
chuyén ti€p hep (<500 A%)

Khi d6 xuat hién sy danh
thung véi dién thé dudi Sv
hoac 6v (Ex103V/m)

o
X

Hinh 2.12. Cdu triic vitng nang lirgng ctia dieot
cener.



Hinh 2.13. Ddc trimyg ciia diét tunnel,



Piic diém diode tunnel

Nong d6 tap chat rat cao (> le+19/cm3) nén xuat hién cac 16p ban dan
suy bién

C6 vung dién tro vi phan 4m, gian d6 ning lugng ving chuyén tiép bi
bién di€u manh

Khi phan cuc con nho, gian d6 nang luong hoi giam xudng phia P, nén
co dong dien tir 16n xuyén qua vung cam bang hi¢u ting tunnel nén
dong thuan tang

Phan cyc thuén tiép tuc ting cao: gian d6 ning luong tiép tuc ha thap,
hi¢u irng tunnel bi giam xuong

Thé phan cuc thuén tiép tuc ting cao: chiéu cao hang rao thé giam dén
muc cho phép dién tir tir mi€n P+ phun sang N+ va 10 trong tir N+
phun sang P+ nén dong dién lai tang.
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Hinh 2.15. Cdu tao ciia mot 4iot Gunn diing GaAs.

*Khi tac dong mot dién trudng manh vao tinh thé ban dan thi trong tinh thé
xuat hién dao dong si€u cao tan, goi la hi¢u irng Gunn.

*Cac diode Gunn dugc lap trong cac hoc cong huong dé tao ra song si€u cao
tan, dung ché tao nhitng radar cong nghiép.
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Hink 3.5. Tiép xiic kim logi - hin didn logi N.

-|:;|'—d KN BON __-L
qV'
................. S
NV '
4 NV
a0, 9 [aXs  [adg
——L\ . & 0@ EC
Er
EFm ] .'. . .‘
s & & 0 B
¢ o & & 0 EV
» 0
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Tiép xic kim loai —ban dén
Khi KL tiép xuc vdi ban dan thi & bé mit tiép xuc xuat hién hang rao
thé, cau truc cac vung nang luong phu thudc cong théat dién tir cua KL
va ban dan.
Néu ban dan loai N thi & ban dan s& xuat hién mot vung dién tich
khong gian duong, con trong KL tich tu mot 16p mong dién tor & gan
bé mat ti€p xuc.
Néu ban dan 13 loai P thi dién tich trong cac ving khong gian s& nguoc
dau voi loai N.
Dua theo nguyén 1i do nguoi ta ché tao diode Schottky, né dung chinh
luu cao tan.(xem internet)
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Hinh 3.6. Tiép viic kin logi - héin dan loai P,



$3. Tranzitor ludng cuc BJT-Bipolar Junction Tranzitor

—9 p n p *— —® n p n *—
E| B ¢ E B C
C C '
B B
E E

Cau tao: 1a tiép giap p-n-p(thuan) hay n-p-n(ngugc)

E: Emitter: cuc phat, ¢ bé day trung binh va mat do hat dan 16n nhat
B: Base: cuc géc, co bé day mong nhat va mot 6 hat dan nho nhat

C: Collector: cuc gop, co bé day 16n nhat va mat do hat dan trung binh
BIT duoc ché tao bang phuong phap an mon hodc khuéch tan,
epetaxi..
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Hinh 4.2. Céu tric thiee va sie phan bo hat tdi trong tranzito NPN.




1. Nguyén li hoat dong cua BJT

Vung ngheo
p n D
GBGB o / - [ — ﬂ]
GB@ s e == C b
- e |© : Ece
e : - | - | U, <<U_

v

@
v
v

o Tiép giap B-E phai phan cuc thudn, tiép giap B-C phai phan cuc nguoc
« BIT hoat dong trén nguyén li khuéch tan hat din(quan trong-phai hiéu)
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Hinh 1.3. So d6 tdong dudng Ebers-Moll ctia
tranzistor npn (a) va pnp (b).



2. Pac tinh V-A cua BJT
L,

A

Icf

« Dic tinh vao I, = f(U, ) : lay khi giit U_, khong d6i
* Dic tinh ra I, = f(U_); lay khi giir I, khong doi.
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Hinh 4.8. Cdc ddc triang tinh cua tranzito cho so do emito chung.



So do lﬁy dEvlC tinh ra-sg thi nghiém




3. Cac so @6 mic BJT
So do E-C (E chung)

Wi

R -

Rt

So @6 mac E-C (emitter common)
So d6 B-C (base common)

So d6 C-C (collector common)



So dd C-C (C chung)

Fn :
@E(ﬂl Fe Rt

e Tin hiéu ra bi phan hoi am manh nén tré khang vao 16n va tré khang ra
nhoé



So dd B-C (B chung)

Rn R

W
§ Rt T
+

e Mach nay khong c6 tinh khuéch dai ma chi lam tang dém dé phoi hop
tro khang



Bang 1.1.

[L.oai

Cach miic

npn

pnp

Bazd chung

Emitd chung

Colectd chung




Phan cuc cho BJT

La tao mot dién ap ban dau cho cuc B cuia BJT dé vuot qua ngudng U,
ban dau (Si 14 0,6 von va Ge 1 0,2 von)

Phan cuc bang dién ap

Phan cuc bang dong dién

Phan cuc bang phan hoi

Dién ap tai chan B (mach E-C) sau khi da phan cuc sé€ la:

U, = Upeo (D)

v6i e(t) 12 nguon tin hi¢u can khuéch dai. Muon khuéch dai duoc thi
U, phai 16n hon hodc bang bién do e(t)+U,,..



Phan cuc bang dién ap

Ve

Chon dong I, , (ki hi€u 0 chi dai luong
phan cuc)

Chon dong I, = (5 -:- 10)I, (qui uw6c
lay I —IOIbO) Dong phan cuc cang lon
cang tot nhu’ng s& gay ton hao cong
suat nhiéu.

Chon U, (0,6 von vo1 S1va 0,2 von
vo1 Ge) hay U,

R:Ubo.R:Vc_Ubo
2 2 1
I, I, +1,,
R :VC_UCO :V;_UCO

C ]cO IBIbO



Phan cuc bang dong dién

nr

|{’l<|: L Vc B Ub()
Rb R - Rb —

cz}‘ Ibo

1

* Chon trude Uy, I,



Phan cuc bang phan hoi

|
j 1|

%WU(’

* Chon truoe I, U,
* Chon truée U,

]0 :]cO +]b0 — (/B'I'l)]bo

UCO — I/c o IORC
R — UCO _UbeO
b
]bO
Rc — I/c _UCO
1

0



$4. Transitor truong FET (Field Effect Transitor)
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Hinh 6.2. Thiét dién cuia kénh thay doi vai thé'V,

*JFET — Junction Field Effect Transitor
*MOSFET — Metal Oxide Semiconductor FET
*IGBT - Insulate Gate Bipolar Transitor
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Hinh 6.1. Ciu tgo ciia cde logi JFET kénh N: G MFET-kénh N doi xing: b) Ky hieu.



Lép p (kénh dan)

Vung phan cuc nguoc



*Cuc cua G: Gate
«Cuc nguodn S: Source
*Cuc mang D: Drain

Dong dién theo qui udc chay tir cuc mang dén cuc nguon trong
kénh n va ngugc lai trong kénh p.

Nguyén 1y: Khi thay d6i dién ap Ugg, s€ lam thay d6i do rong
vung phan cuc nguoc, nén do rong kénh dan ciing thay doi, tir do
s€ khong ché (diéu khién) dugc dong ;.

Dic trung co ban 1a FET dugc dicu khién bang dién ap nén dong
vao rat nho, cong suat dau vao s€ rat nho, thich hgp vo1 nhirng tin
hiéu vao bé.
*Tong tré vao ciia FET c6 thé dén le+9 Ohm, MOSFET dén
le+14 Ohm.
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Hinhk 6.3. Ho ddc trung cia JFET kénhi N,
ca) Iy thuyer; B) thiwe nghiéni.

2. Nghién civu dinh luong
Gia str JFET kenh N d&i xdang (hinh 6.4). Dé don gian moé hinh, ta gia thiet

o V=<0

"

o
N N
Yy za;i Ng W) -——!V(X)
lo x YT T ==
0 P X L -

Hinh 6.4. Mo hinh clia viing DTKG trong JFET.

* Chiéu dai ctia kénh (L) it nhat 16n gdp hai lan chiéu réng ciia né
#* Hai cira giéng hét nhau, dai Z va pha tap manh loai P.
* Chuyén ti€p cira/kénh phing va nhidy bac.



Hinh 6.6. Cdu triic “rdng lwoc” ciia JFET.

p+

Pé€ loai p hoac ban cich dién p*

a)

Hinh 6.7. Cdu tric khia chitV cua JFET.



MO SFET — Ky hi¢u va phan loai Pic trung Ip(V) Pic trung In(Vp)

Metal Odee  MOS kénh N Iam giau Ip Ip Vo = +35V
. D
Semiconductor 2 <
. G B +1,6V
Field Effect . v v

Transitor

MOS ké&nh P tam giau

D
G—_q ng
) s

MQOS kénh N lam ngheo

D
S

MOS kénh P 1am nghéo ba Vr Vs

D ; +0.5V
____leal oV

e B ‘ —05V
S —1v

Hinh 6.9, Ky hiéu va ddc irung ctia cde logi MOS.



MOSFET —
Metal Oxide
Semiconductor
Field Effect
Transitor

0 kénh

Si-P L\
Z

Hinh 6.10. Cdu tao ciia mér MOS kénh N lam giau.
Vg>Vr  Ve<Vy

HEEE R ZCE : Vﬁng dien
7 1 tich khéng gian

Vo> Ve Vo= Vel Vo> Vi Vo> Vpsat

¢t kénh ¢4t kénh

Hinh 6.11. Nguyén tdc hoat dong ciia MOS kénh N.
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FIGURE 1.5 Power MOSFET circuit symbol. (From Bose, B.K., Modern Power Electronics: Evaluation, Technology,
and Applications, p. 7. © 1992 [EEE. With permission.)



FIGURE 1.59
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TYPICAL CELL CIRCUIT SCHEMATIC

CROSS SECTION FOR P-MCT
N SOURGE - NODE
o
\
: NN [_GAE OFF-FET
nnncn S e e E """"""" .
EMITTER e '
R
| O - 1, i
OFF-FET CHANNEL GATE 4 l'i.j
ON-FET CHANNEL 5
{ON-FET
LOWER BASE WIDE
BASE
LOWER BASE BUFFER NPN
LOWER EMITTER
BACK METAL CATHODE

FIGURE 1.7 Typical cell cross section and circuit schematic for P-MCT. (From Harris Semiconductor, User’s Guide
of MOS Controlled Thyristor. With permission. )

MOS-Controlled Thyristor (MCT)



The MCT isa new type of power semiconductor device that combines the capabilities of thyristor voltage
and current with MOS gated turn-on and turn-off. It is a high-power, high-frequency, low-conduction
drop and a rugged device, which is more likely to brs used in the future for medium and high power
applications. A cross-sectional structure of a p-type MCT with its circuit schematic is shown in Fig, 1.7.
The MCT has a thyristor type structure with three junctions and pnpn layers between the anode and
cathode. In a practical MCT, about 100,000 cells similar to the one shown are paralleled to achieve the
desired current rating, MCT is turned on by a negative voltage pulse at the gate with respect to the anode,
and is turned off by a positive voltage pulse.

The MCT was announced by the General Electric R&D Center on November 30, 1988, Harris
Semiconductor Corporation has developed two generations of p-MCTs. Gen-1 p-MCTS are available at
65 A/1000V and 75 A/600 V with peak controllable current of 120 A. Gen-2 p-MCTs are being developed
at similar current and voltage rat 1nw~,, with much improved turn-on capability and switching speed.
The reason for developing a p-MCT is the fact that the current density that can be turned off is two

r three times higher than that of an n\ T, but #n-MCTs are the ones needed for many practical
applic:atinns.



VIII. GIOI THIEU IGBT:

VI 2 (I‘nsula.ted gat.e bipolNar tranzit(?r):
La loai Tranzitor luong cuc co cuc
diéu khién céch ly. N6 két hop hai uu

diém cla Tranzitor bipolar va
MOSFET 1la chiu dudgc dong Ion va
N didu khién bing dién &ap nhu
OOOO A




FIGURE 1.89 Photograph of a 1200-A, 3300-V IGBT module in which 24 1-cm” IGBT dies are paralleled together
by wire bonds.
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FIGURE 1.90 Output characteristics of the IGBT.
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FIGURE 1.91 (a) PT IGBT structure, (b} NPT IGBT structure, and (¢) UMOS gate PT IGBT structure.



[ Trén hinh Ve the hién loai IGBT kénh N, tat ca
nhiing mo ta § day, dlidc thé hién cho kénh N
nhung loai IGBT kénh P ciing dugc phan tich theo
nguyén ly tu’dng tu.

[0 Cau tao cua IGBT rat g10ng yoi Transitor
MOSFET khuéch tan, nd co dac d1em la co vung
khuech tan kém, mot trong vung P va mot trong
Vung N.

O Tiép g1ap phan cuc ngugc co thé dudc tao ra duoi
cuc cua bang cach dua dién ap tuong ung vao cuc
clia giong nhu déi véi MOSFET. Su khac nhau
chinh la Viéc dung mot lop, ban dan P+ cho cuc
mang két qua cua sy thay d01 nay la kleu transitor
ludng cuic tuc la viéc phun cac 16 ti vung ban dan
P vao vung ban din N.



L1 b. Hoat dong chung:

JIGBT thudng dugc diéu khién & trang thai
ON/OFF giéng nhu MOSFET bang cach dit dién
ap 1én cuc clia VG (do vung tuyén tinh nhd nén
dung kiéu ON/OFF).

[J Néu dién ap dua vao cuc ctia so véi Emito nhd hon
dién ap nguong Vth thi khong tao ra dudc vung
tiép giap ngudgc nhu MOSFET. Cho nén thiét bi 6
trang thai OFF trong truong hop nay mdt dién ap
phan cuyc thuan sé dit Ién tiép giup ngudc J2, luc
nay chi dong dién ro chdy qua tiép gidp cd tri sb
rat nho.



[0 bién 4p danh thiing theo chiéu thuan bing dién 4p danh thing cia tiép
gidp ndy, day 1a mot tham so rat quan trong. Béi vi trong trong thuc té
cac thiét bi cong suat nay st dung dién dp va dong dién kha cao, dién
ap danh thiing cta tiép giap mot mit né phu thudc vao 16p ban dan cé
ndng do tap chat nhd (N-) goi la 16p N-.

[0 Day la nguyén nhan 1am cho 16p tap chat nong do thap mdé rong ra va

do vay trong vung nghe¢o dién tich nay se co dién truong cuc dai.



[0 Trong vung nay mat do tap chat ctia 16p N- phai it hon
nhiéu so véi 16p P ké can, cAu tao nhu vay nd cho phép
thiét bi ¢4 thé chiu dudc dién ap danh thing 1én 600V. Ldp
dém N+ c¢d tdc dung tao sy khuéch tan d& dang qua tiép
giap J2 cho céc hat din dén colector P clia Transitor ludng
cuc. Tap chat cia 16p nay sé suy giam rat manh hinh thanh
nén dién dung tiép giap. Pién dung nay phu thudc vao dién
ap danh thing cta tiép gidp J3 1a tiép giap phan cuc ngudc
khi chiu dién 4p ngudc, tac dung cia viung dém nay la dé
l]am méng bét ving N . Do dd 1am cho IGBT khda (md) dé
dang hon.



Trang thai lam viéc ON:

Khi ta dat Ién mot dién ap VG Ion hon dién ap
nguong VTH no s€ lam cho vung phan cuc
ngudc 0 dudi cuc cua, hinh thanh 1én mot kénh
lien két gilia ngudn téi vung N ( 14 tiép gidp
J2), céc dién ti sé dugc chay vao ti ngudn vao
ving nay ngay thdi diém tiép xuic J3 dugc phan
cyc thuan. Céc 16 trong dudc chidy vao vung
ngheo dién tich N- ( J2).



Su chay vao cdc hat din nay lam thay doi do
I6n cua vung nghéo dién tich, trong do ca mat
do dién td va 16 trong sé 16n hon mat do ban
dau trong 16p N- , diéu nay sé 1am cho IGBT
chuyén sang trang thai ON, béi vi dién trd clia
vung N- giadm xudng rat nhanh, mot so 16 trong
chay vao sé dugdc két hop véi dieén ti trong
viung N - trd thanh nhiling phan ti trung hoa
tic thdi, rdi tiép tuc khuéch tan dén vung P
(colector).



(] Hoat dong cta IGBT cé thé duge mo ta tucng tu nhu
Transitor PNP. Trong do dong dién bazo dudc cung
cap dong cla MOSFET thong qua kénh va mach
tuiong ducng cla thiét bi nay dudc mo ta trong hinh
(a), hinh (b) m6 ta mot mach tuong dudng day dd
gom mot Trans1t0r NPN n6i SOng song thé hién dudgc
nguon kiéu MOSFET N+ nguon P va vung dan N- no
dong thdi thé hién ca dién trd cta I6p P . Néu dong
dién di qua dién trd nay du 1én no lam glam dién ap
roi trén tiép gidp phan cuc thuan boi vung N+ dude
kich hoat, do dd né cé thé dugec xem nhli so do tuong
dufdng mot Transitor khi cuc diéu khién (G) bi mat
dién ap, cac dién tu trong 16p N+ sé khong chay vao
16p P nua va IGBT chuyén qua trang thai khoa.



GTO - Gate Turn-off Thyristorn+pnn+pCathode
GateAnothe

Vé co ban, GTO ciing giong nhu Thyristor thong thuong,
nhung né c¢6 thém mot bo phan dé khoa (Turn-off) khi d3 mo.
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FIGURE 1.75 (a) GTO cell structure and its doping profile; (b} The two-transistor GTO model; (¢} a photograph
of a 4-in. GTO along with its gate lead.
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FIGURE 1.76 Turn-on and current-sustaining process in a GTO.
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FIGURE 1.77 Current flow in a GTO with gate drive current.



Nhu so d6 cau tao va so dd tuong duong, dé khoa van, nguoi ta
cap mot dong dién ngugc vao Transitor npn trén tir cathode,
khi d6 npn s& bi khoa dan dén transitor phia dudi ciing bi
khoa. Tuy nhién, dic diém loai van nay 1a dong khoa kha
16n, néu véi van 1000A, can xung dong dé ma tir 3-5% Idm,
khoang 30A va kéo dai trong 10us, thi xung dong khoa phai
30% (300A) va keo dai 20-50us, bién do xung ap khoa tur
10-20v. Mic du vay, niang luong can cho qua trinh khoa

cling khong phai 1a qua lon.



MTO — MOS Turn-off Thyristor

MTO do tap doan SPCO ché tao. N6 két hop khéo 1éo giita GTO va
MOSFET, muc dich 1a dé han ché ning lugng phun vao cuc diéu khién va
han ché toc do gia ting dong dién.

Cathode
Turn-

On H H 1 Eﬁn_Off
Gate
i -

p

n

[ Il W | lpl HENI
IAnothe
. Nguyen Iy cu tao nhu hinh v&. Cau trac MOSFET cho phep tang dong dign

khoa ma khong b1 vudng vao cuc diéu khlen mo. Loai van nay co thé chiu
dung dién ap lén dén 10kV va dong dién dén 4000A.




ETO — EMITTER TURN-OFF

Ciing nhu MTO, ETO 1a mot dang bién thé khac cua thyristor va transitor,
nghia la gdbm GTO va MOSFET.Turn-off

Turn-onTurn-onTurn-off

}—. Turn-off L
Turn-on —] ‘ l—e




INTERGRATED GATE-COMMUTATED THYRISTOR (GCT VA
IGCT)

DPay la loai linh kién c6 tbc do chuyén mach nhanh va dong xung 16n, nhu
dong lam viéc. linh kién nay c6 thé day tat ca dong tir cathode dén cuc cira
trong 1 ps dé khoa hoan toan van. Cau tao nguyén li nhu hinh v&. IGCT
¢6 khac mot chit 1a c6 nhiéu 16p mach in cua cuc ctra hon. Ca hai loai déu
¢ diode nguge. Cau tric ndy cho phép toc do ting dong cira dén 4kA/us
v6i dién ap K-G 1a 20v. Trong 1 ps transitor phia trén ctia GTO tat va pnp
phia duéi sé& tat vi chan B ho.
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DIODE
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FIGURE 1.24 (a) The DIAC symbaol; (b) the DIAC structure.
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FIGURE 1.8 Current and future power semiconductor devices development direction. (From Huang, A.Q., Recent
developments of power semiconductor devices, VPEC Seminar Proceedings, pp. 1-9. With permission.)



Linh kién quang dién tu

Linh kién phat quang: dua trén nguyén li: hat dan khi c6 dién trudng
kich thich s& day dién tir 1én mic cao véi thoi gian séng ngan, khi
quay trd vé mirc cii, dién tir s& tra ra nang lugng da kich thich duéi
dang photon.

Linh kién thu quang: dua trén nguyén li: hat dan khi c6 anh sang chiéu
vao sé tao ra dién tich khuéch tan, do do6 s& lam thay doi dién tré ban
dan hoic tao dién ap hai dau tiép giap p-n.

Mau sic phu thudc vao ban chat nguyén tir tap chat

Cac linh kién phat: LED(Light Emitter Diode). LCD(Liquid Crystal
Display)

Cac linh kién thu: photodiode, phototranzitor

Linh kién phdi hop: optocoupler



Linh kién phat quang — photoemettor

j/ 3 Zl QM g
E d :.: :g‘ : 7/‘

Nl
ot

Eo
e Hién tuong nay xay ra véi mot so loai nguyén tir dé bi quang kich
thich ¢ diéu kién thudong. Nhat 1a kim loai ki€ém. Vat liéu ban dan kho
hon nén can phai dung lién két p-n yeéu.
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Hinh 7.3. Hé 56 hdp thy tia séng ciia mot sé vt lidu.
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Ving cyc tim | Vung nhin thay Ving hong ngoai

« Mot loai vat liéu ban dan chi c6 thé hép thu hodc phat xa mot s tia
sang xac dinh, dugc goi la dic trung phd.



Su hép thu quang hoc

Goi thong lugng P,(E), niang luong E, hé s6 phan xa R(E)

P(E) =P,(E) [1-R(E) ]

H¢ s6 hap thu a cua vat li¢u ban dan a = (1/dx) [dP(E)/P(E) ]

Do do: P(E,x) = P(E) exp(-ax)

P(E.x) = P(E) [1-R(E) Jexp(-a(E)x) ,

H¢ s6 phan xa R(E) phu thudc vao pén chat ban dan va diéu kién bé’ mat, gia
tri cua no chu y@u phu thu(:)g gdc dén cua tia td1, su phan xa nho nhat khi tia
té1 vuong goc bé mat ban dan.

R(E) = [(n-1)* + (ga/4n)’}/[(nt1) * + (ga/4m)’]

v6in = n,/n, ; n, 1a chiét suat khong khi, n, 1a chiét suat chat ban dan. a la h¢
sO hap thu, g la budc song tia toi.
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Hinh 7.5, Cdc ddc tritng cia mét guang ddn.
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Hinh 7.6. Sir phat sinh hat tai trong phaté - diét.
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Hinh 7.7. Cau tao ciia photé dior PIN.
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Hinh 7.8. Cdu tao ciia photo dior thde 1.
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a) Pac trung I(V) b) Cich néi pin mat trdi véi 1ai.
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c) So d6 tuong duong - d) Cidu tao nhin tir trén xudéng

Hinh 7.9, Pdc trung va cdu tao ciia pin mdt troi.
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Hinh 7.11. So do diéu khién nap va phéng dién ciia mot tram pin mdit o
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Cap quang

Nhua Epoxy

Q) b)

Hinh 7.15. Cdu tao ciia diot phdt quang :
a) Cau tgo ciia didl phdt quang ; b) Didt phat guang ghép noi vi soi quang.
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Hinh 7.19. Cdu triic va gidn do ndng heong ciia diot laser DH.
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Hink 7.21. Cdu tao ciia laser da mot trong cde bice séng tir 820 dén 880nm.



khuéch tan Zn

n-AlAsGe

n-AlGaAsGe®
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* Lap hoat|dong
bé n-GaAs

Hinh 7.22. Cdu triic cdt ngang ciia laser hiedng song
nho chiét sudr vai bicoe song 780 nin,
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Hinh 7.23. Phé phdt xa cita cdc laser 0.8 g,
aj Da mét; b) Don mét
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Hinh 7.24. Ba loai sof guang tieu biéu.
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Sdi quang HCS
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d)

Hinh 3.18. Mot s8 loai c4p quang théng dung trong
do ludng-diéu khién céng nghiép.
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Hink 7.25. Stt thay dJi ciia sy suy gidm theo budc séng trong soi quaig.



Géc dic .

thu quang N

Hinh 7.26. Dinh nghita goc toi han Gp-p.
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Hinh 6.9: Nguyco tdc boat dong cia mot didm hinh trong man hinh tinh thé léng. Trong
hinh bén trai, diém hinh ¢ trang thai tinh (khéng ¢6 higu dién thé) khi€n phan t tinh thé
dan tia sdng phan xa trd lai. Trong hinh bén phai, diém hinh & trang thai kich hoat (c6 higu
dién thé) khién tia sing khong phan xa dude trdé lai va diém hinh ¢rd nén sim miu.
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Chuong 2- Khuéch dai dung BJT — Khai niém

U, U

vao ra

1 Khuéch dai "

Khuéch ,dai la qua trinh bién d6i mét cong suat tin hiéu vao nho thanh
cong suat tin hi¢u ra 16n hon.

Yéu cau:

- Bién d0 tin hi¢u ra phai 16n hon tin hiéu vao

- Khong gay méo tin hi¢u

- Khong tao pho dong loai



Hinh 1.4. So dé tudng duong Ebers — Moll cia tranzistor npn cho trudng hdp diot colecto
ngit (tranzistor 1am viéc trong mién tich cyc) :

a) va b) sd d6 tuong duong dﬁy di ; ¢) va d) bo qua ha ap trén rey’, va dua vao ngudn ap UBE.

Vi tranzistor pnp thi déi chiéu diot (a),(b) hoic d6i chiéu ngudn dp Use (c hodc d).
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Hinh 1.6. So d6 tuong dudng hon hdp cia mot
mang bon cyc.
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Hinh 1.7. Hai dang so d6 tuong duong dan nap cia mot mang bon cuc.



Khuéch dai dung so 6 EC va so'dd tuong duong

e So d6 nguyén li mach khuéch dai EC. Tin hiéu ra n 61 tin hiéu vao
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Hinh 1.8. S d6 tuong duong hdn hgp cia tranzistor.
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Hinh 1.10. So d6 tudng duong 7 (so d6 tudng duong din nap
ctia tranzistor) cia tranzistor.



Hinh 2.6. So d6 tuong dudng diuvio cda bo khuéch dai co hdi ti€p (ding dé tinh trd khang vao).
a) hoi ti€p ndi tiép ; b) mach héi ti€p song song.



Hinh 2.7. So d8 wong dudng d4u ra cia bo khuéch dai ¢6 héi tiép .
a) hoi tiép dién ap : b) hdi tiép dong dién.



Khuéch dai dung so d6 EC va so d6 tuong duong

o Uce0 OK
/\ Iy _
IbO co
\ Tl
)1// Afbeo - ]L/
O 15y Ubre 0
C(t) o ]Jbe

. Léy ddc tinh vao va ra dé xac dinh phan cuc Q: diém cong tac



Khuéch dai dung so d6 EC va so db tuwong duong

Tinh phan cuc mot chicu:

Xac dinh dong I, (U, .,)(chon trudce).

Tu dac tinh vao xac dinh duoc U, (I,,,)

Xac dinh U, theo bién do tin hiéu e(t) cua tin
hi€u vao, sao cho khong b1 méo

Xac dinh trude nguodn V., tir d6 xac dinh dudng tai
AB.

Xac dinh I, theo ddc tinh ra

Xac dinh U_,

Chon truoc mot gia tri cua R, hoac R, Thong
thuwong chon truoc R voi gia tri tu vai om den vai
tram om




Tinh phan cuc mot chiéu

IBZICO

IbO
U, =(B+DI, R —> R =2cZer ™D
]cO
]2 — (5+10)Ib0_)Ub0 — UbeO +UeO
R2:Ub0 )RIZI/C_UI’O
1, [, +]b0

*  Qui wdc thong nhat: chon I, bang 10 1an I,



Tinh phan cuc mot chiéu theo kinh nghiém

Néu khong c6 dac tinh V-A cua BJT, vi€c tinh toan dugc chon
theo kinh nghiem:

Vo1 BJT loai S1 chon U ,=0,6v0n, loat Ge chon U, ,=0,2 vOn
Dong IC‘0 duoc chon theo dong cuc dai cho phép cua BJT.
Chon bang mot nira gia tri cuc dai.

Diér} ap U__, dugc chon b?mg mdt nita dén hai phﬁn ba gia tri
nguodn V..

Dong I, =1/

Chon mot trong hai dién tré R hoac R..

cel



Tinh phan cuc mot chiéu theo kinh nghiém

er — (/8 T l)lbORe

R2 _ er +Ube0 ; R1 _ Vc _UbO
107, 117,
Rc — I/c _UceO _UeO
1

cO



So d6 xoay chiéu twong duong

""""""""""" L -
N IV B Ib Rb h Fr C It
AN AN A
N I
0 R,//R, e Ree U,

Rt




Tinh toan xoay chiéu khuéch dai

B6 tham so tinh toan:

Tong trd ngd vao Rv

Tong trd ngd ra Rr

Hé s6 khuéch dai dong dién Ki
Hé s6 khuéch dai dién ap Ku
Hé sb khuéch dai cong Suat Kp

Iv
. > Mach
Uv = khuéch dai
e(t) BJT
. K

A

Ur=02




M6 hinh mach khuéch dai hai cira

R,

U,

E(t)

U,=1,R,+(B+DI,R, =[R,+(B+DR]I,
=R =R //R/I[R, +(B+DR|=R /R, /I7;
PILR +(F+DIR, =pIR, =U, =U,

—>R =R _//R,



Tinh toan cac hé s6 khuéch dai

Ur :Ut :Rt[t :ﬁ]b(Rr//Rt)j

g _PLRTR)R, _pR (R.//R)

R AR r, (R +R))



Tinh toan cac hé s6 khuéch dai

/

Kl. :]—t;:> ]th :Ut :ﬂ]b(Rr //Rt)
; _BL(RIIR)
l Rt
Lk = pRRIR) :IB(Rce//RCC)//Rt
o R R
=> K = Fra = v, 4, =K K,
"R, el

e Sinh vién tu doc khuéch dai C-C va B-C & nha



Khuéch dai B-C va so d6 twong duong




Khuéch dai B-C va so d6 twong duong

Wi

R7
Igg Lo C5
| | P
- | | Ur
=9 IBO FE W
& S




Mach ra

Mach vao

So d6 tuong duong xoay chiéu cua khuéch dai B-C



Tinh todn tham s6 mach xoay chiéu mach B-C
* Tong try vao: tong tré vao duoc tinh theo mach vong E-B. dong ra I =al,

U=R I, =[r., +(1-o)r,]; U, = (RC//rC(B))IC
Rv — [re +(l_a)rb]
R =R,/ . 8)

* Hé s6 khuéch dai dong dién ]
K. ==t malI(R //R)=IR
I
R.//R
I=1 C}/z/ —al RC]/Q/R,
R //R ’ f
Kl' — C t
Rt
* Hé s6 khuéch dai dién ap
% :Ut: IR _x R r - R /IR,

““U, I(r,+R) '(r,+R) " tR,



Khuéch dai C-C va so d6 twong duong

Phan cuc DC doc tinh toan
tuong tu nhu mach E-C va
B-C. riéng dién tro dinh
thien R; dugc xac dinh
theo hé so phan hoi am
dong dién can thiét.

Cac tinh toéan dua trén dac
tinh V-A vao vara

Do 6n dinh cia mach cé
thé tinh téan dua trén tiéu
chuan Routh hodc cac tiéu
chuan tan s

*Mach khuéch dai C-C c6 hé s6 phan hoi 4m 16n nén dai tn cong tac rong.

Dic tinh tan sb bién dod Logarit c6 do ddc cao tan 1a -20dB/dec



So db tuong duwong xoay chiéu ctua khuéch dai C-C

I

4®7

IV rh I IC rc(EI]l

L W

§Hn - Tinh tham s xoay chiéu:
+ Uy * Dong dién vao dugc tinh 1a dong
Gu j”m I, tai cuc B cua BJT

= +0+B)Yr.+R /R)|/R IR,
Néu dién trd vao duoc chon 16n

R, =|r,+(+B)r.,+R, /IR )|/ R /IR, /I Ty,



Pién tré ra ctia tang C-C

R -k //[re Tt /I(r, + R, /I R, )j

1+ f

Vit 16, ta c6 the viet: R=R/r+ (n, + R, //R,)
1+

He s6 khuéch dai dong dien IR, =17, =1,[r, +(1+ B)r, + R,/ R,)]
IR =I(R,/R)=(1+p),(R //R)

)i R R //R
K =-"Lt=(1+p)—~r—+—
== A=y
Heé s6 khuéch dai dién 4p v u, LR % R,

" U, L(R+R) (R +R)



Ghép tang trong bo khuéch dai dung dién dung

e Thong thudng, mot mach khuéch dai chi co hé s6 khuéch dai c& vai
chuc lan. Muon co6 hé s6 khuéch dai 16n phai ghép nhiéu mach véi
nhau, goi la ghép tang.



Ghép tang trong bd khuéch dai dung bién ap

% | el :




Khuéch dai cong suat

» - Cac tang khuéch dai cong suat c6 dong dién va dién ap cao

e - Phan cyc mét chiéu s& gy ton that cong suat mot chiéu trong mach
khuéch dai

e - Can han ché ton hao nay.

g R ICO R

1
Fn

cel
e(

att) \Y4 BE
R2 0 ;RE  ce

IeO




Ton hao cong suat trong mach EC
T6n hao chinh 1a dong phan cuc I, va dién ap U,
P,=U,,l,. Khilam viéc trong ché d6 khuéch dai ca hai nita chu ki.
Van dé 1am mat cho BJT, ting cong suat ngudn cung cap.
Ché do khuéch dai ca hai ntra chu ki goi 1a ché do6 A

Iy, N b2
L] Icl |
Lo 0 0
\ A
L — 1 N
74 beO > _/LI—,\:—&\—/ N
O Ube O — \
o ]Jbe



Khuéch dai cong suat ché d6 B (mot nita chu ki)

A

AI
lbmax max

CC

» D¢ khuéch dai c4 hai ntra chu ki can c6 hai mach khuéch dai riéng
e Loai ché do nay s€ khong gay ton hao mot chiéu



Nguyén li mach khuéch dai ghép day kéo

100 Chin

I\1EIL|F

10 k Ohrm

T

2 kOhm
0.1 a0 Hz'0 Deg 10 Qhrm

100 Ohm

1k Ohr,

« Dién ap tai chan C va E cia T, ludn bang nhau va nguogc pha



Khuéch dai Darlington

12U
}—{||

||
I =], +1

1 kChm

2K

01 WBOHZODEY 2% 2y onm > 2

« Heé s6 khuéch dai béng tich hai hé s6 khuéch dai tuong img cua BJT
Mach nay thuong dung & tang khuéch dai cudi cung.
«  Nhuoc diém 1a hay bi dao dong tu kich.



Phén héi trong bo khuéch dai

am

. Kh

T
duong)’_ h™"p

 Phan hoi la léy mot phﬁn tin hiéu ra dem quay tro lai tron vo1 tin hi¢u
dau vao dé cai thién chat lugng bd khuéch dai.

e Theo tin hiéu c6 phan hoi dién ap va dong dién

e Theo hinh thtrc phan hoi c¢6 phan hoi Am (nguoc pha) va duong (cung
pha)

e Theo céu tric c6 phan hoi song song va phan hoi ndi tiép.

o Tdc dung lam ting téng tré vao va gidm tong tré ra

o Tang dé rong ddi tan cong tic

On dinh hod bj khuéch dai

 Ning cao dp chong nhiéu va gidm khd nang dao dong tw kich.



Trong trudng hop tong quat, mot bd khuéch dai dugc coi nhu mot
mach di€n vo1 cac phan t tao nén mot quan h¢ vao-ra tong quat:

X y

—>

n n—1 m m—1
a, Q+al d _“IV +..+a, ﬂﬂzny =boﬂ+b1 d _)f
dt" dt" dt dt" dt”

Vi di€u kién dau khong ngudn

.
v 2T _Z(p) _

+b _1@+bmx

m

dt

my

Z Clpmf—l

[=0

W,(p)= - Wf(p)—

X(p) n—i

i=0

Y(p) L n,—h
a.p > g.p"
h=0



Ham truyén cta hé kin 14
W,.(p)= (1)
1+w, (p)Wf (p)

Trong mién Laplace: p = o + jo
Trong mién tan s6: p=j ®
w,(jow)
1+W,(jo)W,(jo)
V&1 ham anh Furie cua y(t) va x(t), ta co
Y(jo) = V(@) X(jo)=X(@)e'""

@ (@)
A(w) = ‘X(a)) ;  @(w) = arctan P (@)

Wk (Jo)= — Pk (w)+ ]Qk (w) = A(a))ej€0(w)

Tuy thudc goc 1éch pha, tin hiéu ra c6 thé cung pha hay ngugc pha, hay 1éch mot
gdc pha bat ki so voi tin hi¢u vao



bat A(w)=K

Jjon (@)
K,e™

_ Jjor (@)
=K, K,e’™*

Nhan xét:

*Heé s6 khuéch dai ctia mach co phan hoi 1a mot tri phtrc
*Goc léch pha phu thudc cau truc mach phan hoi

*Hé s khuéch dai lam viéc phu thudc tan s6 tin hiéu

*Mach phan hoi lam viéc 6n dinh néu goc léch pha khong lam
dao dau tin hi€u phan ho1 theo qui udc.

*Qua trinh qua do phu thuoc gia tri1 K, , goc pha ¢



KHUECH PAI TIN HIEU BiEN THIEN CHAM

%Hﬁ

._

L
M

F14

N—

% R17 E% F16

Dac diém:
-Tin hi€u bién thién
rat cham

-Khong noi tang
bang tu hay bién ap

-Dé b1 tro1 do ngudn
va nhiét do

-Dé mat can bang
dién ap trén tai



Ghép tang trong khuéch dai mot chiéu

I
R29 .

R32

Thuong ghép tang truc tiép hay ghép quang
Tin hiéu dau vao bé, tong trd tin hiéu bién thién rong

Tinh todn phan cuc phure tap



KHUECH DAI VI SAI

*+Vc¢

Khong thé hién phan cyc . )
ctia BJT cho khoi ruom ra [el+Ie2=Io=hang s6




KHUECH DPAI VI SAl-cung pha

*+Vc

R R
/\t.m J—\/ Ur\/ 2 Uv2 /\

e, e

&

or

INe 1 +I~e2:O




khuéch dai vi sai - ngugc pha

*+Vc¢




khuéch dai v1 sai — tro1 nhiét

*+Vc¢

R R
LV U
Uvl  TI 2 uw

AL SN

or

[Ye1+1%2=0




khuéch dai1 vi sa1 — tro61 ngudn

A\ *+Vc

I\
ER R
Uvl  TI N 2 Uuw2

[ [T
OL

[Ye1+1%2=0




Khuéch dai vi sai khong cin bing
Offset null (c6 truong hop noéi GND)

————— o= ~______/ ~
\ otV

"7 77 Tel+Ie2=To=hing sb




Doc gia tri dién tro

Sai sO

Vach chuan

S(A)Athl'l’A S6 thir ba (so chit so 0)
nhat (s0) S thir

e 0 Pen hai (S@) 7 Tim

« 1 Nau 8 Xam

e 2 bo 9 Tréng

e 3 Cam

e 4 Vang

e 5 Xanh

e 6 Lo (blue)

260000 £2%



Phan hoi 4p va dong

/\ \/

1 kOhrm

:




Chuong 3- KHUECH PAI THUAT TOAN- OA

Operational Amphﬁer
__________________________________________________________________________ +V
Vie—L k
T AV, .
et "
10 /
-------------------------------- ® -Vc

R,=00; R =0;i =i =0;K,=oo; V, =K AV

IC — Integrated Circuit



Pac tinh vao ra cua OA
Yo .
Vi- +Vc, Vit
N /
AN WV

\ / :
EAVI“, 5 \Zi

1.
MR
L
/A G N

+ Khi Vi>Vi = Vo=+Vc (Vi =0)

« Khi Vi'<Vi- =2 Vo=-Vc (Vi =0)

« Do OA thyc té khong thé c¢6 K, = co ma chi 10 -:-106 nén
ton ta1 AVi1 co var mV dugc khuéch dai tuyén tinh

o Thuc té nguoi ta khong dung vung khuéch dai nay



Céac ché do lam viéc cua OA

A. Ché do tuyén tinh (khuéch dai): can c6 phan hoi am sau
dé giam h¢ s0 khuéch dai. Noi mach phan hoi
dau ra vé chdan dao

Luodn co: Vit = Vi
A+
1 =1 =0

B. Ché do xung (ON — OTT) (Khong c6 phan hdi)
Vi'>Vio ¥ Vo=+Vc
Vit <Vi"=» Vo=-Vc

C. Ché do tu dao dong song sin, tam giac, rang cua, chir
nhat. . can c¢6 phan hoi duong. N6i mach phan hoi tur
dau ra vé chan khong dao.



Cac ung dung tuyén tinh cia OA
12

Vit =Vi-=0
Mach khuéch dai déao: Ur = -(R2/R1)Ul



Khuéch dai khong dao

11
[ Vi
Ul
. Vit = Vi- =Ul

* Pi¢n ap ra: Ur = (1+R2/R1)UI



Mach cong dao

I3

>

12 >
A
®
. | .
or— I —
Vig—i—— -
¢ Vit =Vi-=0

« Ur=-(Ul +U2)

Ur



Mach cong khong dao

_I_

I1

Gl
0

12
Vi+=Vi-=Ur/2; Ur=Ul+ U2

Ur



Mach trur I3

+5v

I1
o) iy S

e Vi+=Vi-=U2/2; Ur=U2 - Ul
e U2=Ur+Ul=a2+tal=a=180do



Mach vi phan dao

e Vit =Vi-=0
+ Ur = - RC(dU1/dt) = -T.dU1/dt

Ur



Mach tich phan dao

Ur



Mach lap dién ap

R2

-+ Vi+ + Ur

» Ur = Ul; dung tao tr& khdng nguon thap



Mach tich phan khong dao




Mach PI (Poprotional Integrated)

Ur

_ K2 j Uldt
/Rl CRI \
o Til¢ Tich phan



Mach PID — Poprotional Integrated Derivative
Cl

Ur

I dU |

ot + Td'\dt

« Tile Tichphan Viphan



Quan hé I va U trong tiép giap p-n
trong vung dién ap thap va dong nho

=] | /
Trong Diode: I, = k.eVak P N
U, =Inl, N

Trong Tranzitor I é glee
U, = Inl,



Mach lay logarit

Ur

[a=1I1=U1l/R = -Ur = Uak = In(Ul/R)

Vay dién ap ra ti lé voi logarit dién dp vao.



Mach lay logarit bang BJT

Ur



Mach lay ham mii
R 1

[a=1=-Ur/R = keVek
Ur = -kR.eV!

Vay dién ap ra ti lé voi ham mii e cua dién ap vao



Mach tao tin hi€éu ham mu bé"mg BJT

R

Ul E: |
Vi
+

Vie—— |




Mach nhan hai dién ap
« Ur=UlxU2

* InUr=In(Ul.U2)=InUl + InU2
e Ur= e(anl + InU2)

Ul

In : | layham | Ur
cong ' N
U2 mu
s n




Mach nhan dung OA




Mach chia hai dién ap

« Ur=U1/U2

* InUr=1In(U1/U2) = InUI - InU2

e Ur= e(anl - InU2)

Ul

—_—

In

U2

—_—

In

itrl‘l’

| lay ham

mu




Mach chia hai dién ap




Mach khai can bac hai
|

Ur

U =JU, =U?
1 lanl
==>InU, :Eanl ==> U =e’
UL L 1 lay ham
mu




Mach khai can bac hai

2R2




Ry

-y

Hinh 7.]1. Cic mach bu I¢ch khong .



R ” 3 R
R 1 R Tb
o—  +—+—{"F 5 1~
4 o —o
T— Cz + uf {4‘
1 L
a) —+
&)
b
gia tri chuén, dién trd va tu con lai dude | s
xdc dinh nhu sau: o——-["_:l-—-‘}—D—‘ «©
Uf Ri RZ
a; 4b,C, p— (k -1)Rs
= va CZ = 5 é"
/Q3
Véi mach loc thong thap hoi tiép am N
nhidu vong trén hinh 8.43b cing lap ‘)
phuong trinh dong dién nut cho cac nit flinh 43. Mach loc thong thip bic hai:
1 va 2 d& xdc dinh ham truyén dat a) hoi ti€p 4m mdt vong; b) hoi ti€p am nhiCu vong;

(8 58). ¢) hoi tiep duong mot vong,



CZ_—HC czi \

Iinh 844. So 0 mach loc thdng cao béc hai
mdt vong hai tiép duong .



» Ngudn ap: 1, = 0 hodc r, << Rt



Ung dung OA trong ché do so sanh

: 20
Vi ¢

220v7qJ& A

e Mach so sanh mot ngudng



Cong dung mach so sanh mdt nguong

Dung trong cac mach bao v¢ tin hi¢u

Dung trong cac mach tao goc mo djéu ‘khién cac bd dién tir cong Suét
16n nhu chinh Iuu, bam dién ap, bién tan.

L,étm co so dé xay dung cac bd chuyén d6i ADC, DAC trong ki thuat
sO hién nay.

Tao ngudng dé gh‘mg trong céc thiét bi vira do ludng, V}‘Ia diéu khién
nhu bu cosg, di€u khién nhiét do, can dién tir... va nhi€u rng dung mo
rong khac.

Nhuoc diém:

Mach so séph kiéu nay qua nhay nén thuong sinh ra cac xung dong
trong h¢ thong.

rat kho tao ving tré cling nhu ving chét tong ki thuat bao vé.



Mach so sanh 2 ngudng doi xirng

-V " R +R,

e Thuong dung trong cac mach tao xung Trige va dao dong da hai



Mach so sanh 2 ngudng khong do6i xing

* Vo=V, AND V_, 11




Do thi mach so sanh hai ngudng khong doi xing

A )
AW WA
VAVIR

Vo
+Vc




Ché d6 dao dong Igﬁa OA




Biéu d6 thoi gian dao dong ctia OA
Vo

Vi+
0,5V _+

Vi=

0,5V,-




Hinh 10.2. Vi du v&é mach tao dao dong theo
nguy<én tic hoi icp.
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Hinh 10.3. Mach tao dao dong na Jiem dién dune

g
Gia thict: ROITR, >>h
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a) b)

Hinh 10.14. Mach tao dao dOng dung thach anh véi 1an 6 cOng hudng song song.



-+ UCC

Hinh 10.15. Mach tao dao ddng dung thach anh véi tiin s3 cong hudng ndi udp:

a) so d0 hoi ti€p bifn dp;  b) sor dD ba diém dién dung;
¢) so 40 hi ti€p qua 2 tang khu&ch dai.

+ UCC



Hinh 10.22. BS tao dao ddng ding mach cau Vién
trong mach hoi tiép.
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e
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Hinlte 1025 Mach tao dong dong ciu Vien,



Nguon cung cap mot chiéu

Nguén pin

Nguon

Nguon acqui

cung cap

Nguon chinh luu xoay chiéu

A 4

Nguén cung cép 13 mot thiét bi rat can thiét trong mach dién tur
Ngudn phai cung cap du coéng suat str dung

ngudn phai c6 kha ning chong nhiéu tot

Pién ap nguodn phai on dinh

Bién do dién ap phai dung yéu cau.

bam bao an toan cho mach dang sir dung cling nhu ngud1 dung.

Ngl‘lén duoc lay tir acqui, pin hay chinh luu xoay chiéu thanh mot
chiéu.



Chinh luu xoay chiéu dung Diode

Chinh luu

Loc1tu Loc két hop




1)1

Fic. 3 Waveforms for single-phase, half-wave diode rectifier with R load.
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Dang song
chinh luu
khi co tu
loc song
song voi1
tai
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Khi mach tai c6 nguén mdot chiéu

D i
o » {
bt
e=E sinwt -V
i
G — 3
¢ diode battery charging circuit.
7
! b 1
! k y
I ‘1 + I 9 i y
K w = =] 2E, cosa+V (20— ) |
\/ I ._.‘}TI.!['L}
\‘ ’
1 ’
\‘ r
"\..4!
e-V

FiGg. 7 Voltage and current waveforms for the battery-charger circuit of Fig. 2.6: V =
0.6Ey,



C e o . n 2 o8
Khi tai ¢o tinh dién cam N R
L,fl
+
R =)
E - EL
L
il
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Fig. 9 Single-phase, half-wave diode rectifier with series R-L load.

e=F sl

Fic. 10 Current waveform for the single-phase. half-wave circuit of Fig. 2.9: & = 6(°.



Chinh luu cau dung diode

e Chinh luu cau giam dugc do nhép nho dién ap

e Tuy nhién chua 6n ap dugc




Dang song chinh luu cau 1 pha khong diéu khién

B, | A

S e

[b]

Fig. 8 Single-phase. full-wave diode rectifier; (a) circuit diagram and (b) load voltage
and current waveforms for R load.



Chinh luu trong mach 3 pha

»
U ZSDS Us ‘[L
.|.
— .L R EL

Fig. 1 Three-phase. full-wave diode rectifier circuit with resistive load,



(a}

(D}

{d)




Cab | Pac | Sbc ¥ Cha
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F1G. 2 Waveforms for three-phase. full-wave diode rectifier circuit with resistive load:
(a) and (b) switching sequences. (¢) supply phase voltages., (d) supply line voltages. (¢)
load current and voltage. and (1) line current.



On ap tham s6

1 k Ohrn
—— ®
Rg
e < R 1)
124
&

R, la dign tro ganh dién ap
R, 1a tai
Luu ¥ Diode Zener mac phan cuc nguoc

Khoang 6n dinh thap va cong suat nhd



On ap tham so ting cong suat

pNS.

1 kOhm

14

« BJT chay ¢ ché dd lién tuc,

« Pién ap thay doi sé lam thay d6i dong I, cua BJT

 Khi co dao dong dién ap sé lam bién dqéi kha ning dan cua BJT nguoc
la1, két qua dién ap trén BJT s€ thay do61 gitt cho tai dugc 6n dinh.
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Connection Diagrams

Metal Can Package Plastic Package
TO-3 (K) TO-220 (T)
Aluminum
OUTPUT —, ~GND [ —— outrur
GND — O [ ————
[ et
INPUT — DS007746-3
. DS007746-2 Tl:lp Vlew
Bottom View Order Number LM7805CT,
Order Number LM7805CK, LM7812CT or LM7815CT

LM7812CK or LM7815CK

See NS Package Number TO2B
See NS Package Number KC02A

Features

B Output current in excess of 1A

B [nternal thermal overload protection

B No external components required

B Output transistor safe area protection

B [nternal short circuit current limit

B Available in the aluminum TO-3 package

Voltage Range

LM7805C oV
LM7812C 12V
LM7815C 15V



Typical Performance Characteristics (continued)

Output Impedance Dropout Voltage
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Dropout Characteristics

OUTPUT VOLTAGE (V)

LM7B05C

[T = 25°C

lout =0A

0 2 g fi

INPUT VOLTAGE (V)
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Quiescent Current
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Viy = 10V
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Variable Output

C1
22 uF ket b uf
SOLID — SOLID
TANTALUM TANTALUM

INPUT O LM79XXCT O 0UTPUT



Dual Trimmed Supply

+INPUT © LM340-5 $—0O +5.0V
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On ap kiéu diéu rong xung PWM — Pulse Width Modulator
Ui |
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e Loai nguén nay hlen nay duogc dung rat rong rdi trong céc thiét bi dién
tr dé cung cap ngudn ap hay ngudn dong on dinh cho tai.

e Mach thuong dung cac chuyen mach dién tr nhu BJT, MOSFET dé
cat (bam) dién ap mdt chi€u thanh cac xung c6 dd rong thay doi sao
cho gia tri dién ap trung binh khong doi
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On ap kiéu diéu rong xung PWM — Pulse Width Modulator

-1 - . Fundamental sinewave
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Fic. 8 Comparison ol pulse patterns: (a) uniformly notched pulse train and (b)y PWM
wave.



On ap kiéu diéu rong xung PWM — Pulse Width Modulator

/— carrier signal, v, (w1}

modulating signal, v {wt}
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PWM — Pulse Width Modulator

Zal

On ap kiéu di€u rong xung
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FiG. 9 Principle of sinusoidal modulation: (a) M
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source signals
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Analog signals
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On ap kiéu diéu rong xung PWM — Pulse Width Modulator
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On ap kiéu diéu rong xung PWM — Pulse Width Modulator
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Fic. 10 PWM voltage waveform with eight arbitrary switchings per half cycle.



On ap kiéu diéu rong xung PWM — Pulse Width Modulator
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Figure 2. PWM Output with Varying Duty Cycle
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Figure 3. Counter Values and PWM Output

Counter value QOCR value

FWM output

Figure 8 OC1A COutput — Filtered and Mot Filtered

-5 Agilent Technologies




Figure 9. OC1A Output — Filtered and Mot Filtered, Details

~% % Agilent Technologies




On ap kiéu diéu rong xung PWM — Pulse Width Modulator
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FiG. 11 Power circuit diagram of a three-phase PWM bridge rectifier.
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I

FiG. 12 PWM waveforms of a three-phase rectifier M = (.65, p = 12, (Adapted from
Ref. 11.)




(o}

Fic. 13 Operation of a PWM rectifier: (a) equivalent circuit for fundamental compo-
nents. (b) phase diagram for unity displacement factor (buck operation). and (c) leading
displacement factor {boost operation).
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FIGURE 1. TEST CIRCUIT



Detailed Schematic
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Nguon xoay chiéu nghich luu tir mot chiéu
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FIGURE 5.1 Topology of a single-phase, full-bridge inverter.



Nguon xoay chiéu nghich luu tir mot chiéu

P{& 5 P & 9 >
ME /\ Da+ DIGBTSIE /\Db+ C';‘E/K /\Dc+
" +——o o A
vde == g 151 i o6
C
c';'ﬁ”: A\ Da- C'EE”: 7\ Db- C'fﬂ| ZADe-
Neg - -

FIGURE 5.2 Topology of a three-phase inverter.

at least 25 to 100 times higher than the fundamental output frequency of the inverter [Holtz, 1992]. The
actual generation of the PWM signals is mostly done using microcontrollers and digital signal processors
(DSPs) [Bose, 1987].
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FIGURE 5.3  Typical waveforms of inverter voltages and currents.
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TUONG LAI CUA Kl THUAT DiEN TU

*Chip 80 16i mo ra ky nguyén
'siéu may tinh ca nhan'

« Pén nay, chi cé cac nha khoa hoc va nhirng ai
van hanh cac supercomputer ma&i co co hoi tiép
can bo vi xr ly toc dé teraflop (nghin ty phép tinh
moi giay).
*Viéc Intel dwa vao trong moét chip don da
tao co hdi cho nguwdi dung dau cudi kham pha thé

gi¢i dién toan cap do tera.



Nho két hop 80 16i trén mét chip don



Tiép theo thiét ké trong nam 2006, Intel da
céng bd san phdm c& 275 mm vudng co kha nang thuc
hién 1,01 teraflop, toc dd 3,16 GHz va x&r ly 16
gigaflop/watt. Chip con cé thé thuc hién 1,63 nghin ty phép
tinh méi gidy v&i xung nhip 5,1 GHz nhwng ngdn nhiéu

nang lwgng hon.



Trong khi do, ASCI Red, siéu may tinh teraflop
cla Intel dwoc san xuat nam 1996 va dat tai
phong thi nghiém Sandia & New Mexico (My), co
thé x&r ly lwong dién toan twong tw chip moi
nhwng doi héi 500 kilowatt nang lwong va 500
kilowatt 1am mat dé van hanh 10.000 chip

Pentium Pro.
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ASCI Red khéng 16 v&i 10.000 chip Pentium Pro



Intel chwa c6 ké hoach dwa chip 80 16i ra thj trwdng
nhwng da dung né thé th&r nghiém cac cdng nghé
m&i nhw két ndi bang rdng, quan ly ndng luwong...
Nguwdi str dung trong twong lai sé cé thé dung may
tinh dé ban teraflop dé x& ly hang nghin gigabyte
di lieu, thwc hién tinh nang nhan dang giong noi
theo thoi gian thwe, khai thac dir lieéu da phwong
tién, choi game, tim kiém, x& ly file dung lwong

Ion...



Tuy vay, cac chuyén gia cdng nghé nhan thay hiéu suat téng
thé cda hé thdng sé bi anh hwéng khi chip chira qua nhiéu
16i. Kha nang hoat ddng dwoc céi tién ré rét khi so 16i tang tw
2 1&n 4, 8, 19 nhwng lai bat dau gidm vai chip 32 16i va 64 16i.
Pé khac phuc van dé nay, Intel dw kién sé& dwa thém 1&p bd
nhé 3D dé gidm thdi gian va nang lwong trao déi div liéu

gilra cac |0i.



...cjién toan teraflop sé dwoc trang bi cho cac hé
thong desktop trong twong lai..

|
I
a |



Béng ban dan silicon sé hét thé&i trong 10 nam nira

Vién cong nghé Massachusetts (My) wéc tinh 10-15 nam sau,
thé gidi sé chirng kién sw I8n ngdi clia bong ban dan khong
dung silicon. Ho dang th&r nghiém thiét bi 60 nanomét v&i vat

liéu composite InGaAs (gdm Indium, Gallim, Arsenide




Trong hén hop vat liéu nay, cac hat electron di chuyén v&i
tdc dd gap nhiéu lan trong silicon. "Chung téi theo dudi
cbng nghé mai nay vi n6 sé tang cwd'ng kha nang hoat
ddng va gidm kich c& cla cac thiét bj s6", Jesus del

Alamo, giao sw khoa may tinh cua vién Massachusetts,

Ky thuat méi da gay chu y cho Intel, hdng san xuat chip
hang dau thé gidi. "Béng ban dan InGaAs mang lai két qua
kha tot v&i mire dién ap thap 0,5 volt va day la bwdc ngoat

rat quan trong trong nganh may tinh",



Ung dung trong diéu khién toc do dong co DC
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Diéu khién dong co DC c¢6 dao chiéu
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Two rectifier-bridge arrangements for four-quadrant operation of DC motor.



Piéu khién toc do dong co DC bang PWM
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FIGURE 9.2 Transistor PWM svstem.

W

FIGURE 9.3  Transistor PW output.



Diéu khién dOng co budc

Static Torque
Characteristic

FIGURE 14.2  Static torque characteristic.

FIGURE 14.1 Cross-sectional view.

EQUILIBRIUM  EQUILIBRIUM  EQUILIBRIUM
POSITION OF  POSITION OF  POSITION OF
FHASE A PHASE B PHASE C

Phaseal [ 1 |
Phase B | |

Fhase C | | |
} } } } --

FIGURE 14.4 By exciting the motor windings during the positive portions of their torque curve, the motor can be

made to gy duce nonzero average torque.



Diéu khién dOng co budc
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FIGURE 14.7 Hall-H-bridge drive circuit. Vs
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FIGURE 14.8 H-hridge drive circuit.



Diéu khién dOng co budc
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FIGURE 14.9 Inverse diode clamped drive circuit.
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Diéu khién cong suat trén mang dién xoay chi€u
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FIGURE 20.3 TFundamental frequency UPFC model.



Diéu khién cong suat trén mang dién xoay chi€u

Right-of-Way
Typical DC and AC Transmission Line Structures
for approx. 2000 MW

"W
.-r.‘.‘ "‘:‘
]

+ 500 kv DC 800 kv AC 2 x 500 kV AC
ROW: 60 m ROW: 85 m ROW: 100 m

Figure 1-1: Comparison of RoW for ac-dc transmission systems



Diéu khién cong suat trén mang dién xoay chi€u
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~ Current Source Converter Voltage Source Converter

Figure 2-1: Converters of the CSC and YS5C types
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Figure 2-13: Voltage-source current-controlled PWM rectifier [2]



Diéu khién cong suat trén mang dién xoay chi€u

 pli~rally

AC System 1 AC System 2
Telecoms
Local Controls *+ — — >
Master Controls < Dispatch centre

Figure 4-1: Typical HVDC system linking two ac systems



Diéu khién cong suat trén mang dién xoay chi€u

Commutation Capacitors AC filters
ConTune and

High-pass filters
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Figure 15-14: Artist’s impression of the modern HVDC station layout [ABB]



