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é ﬂ BAI GIANG MON :
(P a on hoc

Muc dich mén hoc:

- Trang bi cho sinh vién nhimng kién thtirc vé nguyén Iy hoat dong, dac_tinh,
tham so va linh vuc st dung cta cac loai cau kién (linh kién) dién tir dé lam
nén tang cho cac mén hoc chuyén nganh.

- Mon hoc kham pha cac dic tinh bén trong cua linh kién ban dan, tir 46 SV ¢6
thé hiéu dugc mbi quan h¢ gitra cau tao hinh hoc va cac tham so cua cau kién,
ngoai ra hiéu dugc cac dic tinh vé dién, so d6 twong duong, phan loai va tng
dung cua chung.
Cau kién dién tw?
L& cac phan tir linh Kién roi rac, mach tich hop (IC) ... tao nén mach
dién tir, Cac he thong dién tir.
Gom cac ndi dung chinh sau:
+ Gi6i thiéu chung vé cau kién dién tu.
+ Vat li¢u dién tur
+ Cau kién thy dong: R, L, C, Bién 4p
+ D16t
+ Transistor luong cuc — BJT.
+ Transistor hiéu ung truong — FET
+ Cau kién quang dién tir.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




BAI GIANG MON :



http://upload.wikimedia.org/wikipedia/commons/8/87/PCB_variable_resistors.jpg

ﬁl GIANG MON :
eu chung vé Cau kién dién tw

- Cau kién dién tr ing dung trong nhiéu linh vuc. Noi bat nhat 1a
trng dung trong linh vuc dién tir - vién thong, CNTT.

- Cau kién dién tir rat phong phu, nhiéu chung loai da dang.

- COng nghé ché tao linh kién dién tir phat trién manh mé, tao ra
nhitng vi mach c0 mat d¢ rat 16n (Vi xur ly Intel COREI7 -
khoang hon 1,3 ti Transistor...)

- Xu thé céc cau kién dién tir c6 mat do tich hop ngay cang cao, co
tinh nang manh, toéc do 16n...

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



éT‘,,T BAI GIANG MON :
1 ? I{ o A oA 4
L cua cau kién dién tw

- Céc linh kién ban dan nhu diodes, transistors va mach tich hop
(ICs) c6 thé tim thay khap noi trong cudc song (Walkman, TV,
6td, may giat, may diéu hoa, may tinh,...). Chling ta ngay cang
phu thudc vao ching va nhitng thiét bi ndy cé chat lugng ngay
cang cao voi gia thanh ré hon.

- PCs minh hoa rét rd xu hudng nay.

- Nhan t6 chinh dem lai sy phat trién thanh cong cia nén cong
nghiép may tinh la viéc thong qua cac k¥ thuat va k¥ nang cong
nghiép tién tién nguoi ta ché tao dugc cac Transistor vai Kich
thudc ngay cang nho — giam gia thanh va cdng suat.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



/7 BAI GIANG MON :
T wong trinh

Chwong 1- Gi&i thiéu chung

Chwong 2 — Vat liéu dién tw

Chwong 3 - Cau kién thu déng

Chwong 4 -Diot

Chwong 5 -Transistor lwo'ng cuwc
Chwong 6 - Transistor hiéu trng trro'ng
Chwong 7 - Thyristor

Chwong 8 - Cau kién quang dién tip

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é of T) BAI GIANG MON :
h ~
L oc tap .

- Tai liéu chinh:

+ Bai giang: Cau kién Dién tir - D6 Manh Ha, Tran Thuc Linh, Tran
Thay Ha.

+ Slide bai gidng Cau kién Dién td - Tran Thiy Ha

- Tai liéu tham khao:

1. Electronic Devices and Circuit Theory, Ninth edition, Robert
Boylestad, Louis Nashelsky, Prentice - Hall International, Inc, 2006.

2. MicroElectronics, an Intergrated Approach, Roger T. Home -
University of California at Berkeley, Charles G. Sodini — MIT , 1997

3. Gido trinh C4u kién dién tr va quang dién t, Tran Thi Cam, Hoc vién
CNBCVT, 2002

4. Electronic Devices, Second edition, Thomas L.Floyd, Merill Publishing
Company, 1988.

5. Introductory Electronic Devices and Circuits, conventional Flow
Version, Robert T. Paynter, Prentice Hall, 1997.

6. Linh kién ban dan va vi mach, H6 van Sung, NXB GD, 2005

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




ﬁl GIANG MON :
N

CHUONG 1.

GIOI THIEU CHUNG

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



mw
— Gi¢i thiéu chung .

1.1 Khai niém co ban

1.2 Phan tir mach dién co ban

1.3 Phuong phép co ban phan tich mach dién
1.4 Phuong phap phan tich mach phi tuyén
1.5 Phan loai cau kién dién tir

1.6 G101 thiéu vé vat liéu dién tur

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é :)T BAI GIANG MON :
P ém co ban

+ DPién tich va dong dién

+ DC va AC

+ Tin hi¢u dién ap va dong dién

+ Tin hiéu (Signal) va Hé thong (System)

+ Tin hiéu Tuong tu (Analog) va Sé (Digital)
+ Tin hi¢u dién ap va Tin hiéu dong dién

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



mw
a dong dién .

+ Mo6i dién tr mang dién tich: —1.602 x 102° C (Coulombs)
+ 1C = Dién tich cua 6.242 x 108 dién tur (electron)
+ Ky hiéu dién tich: Q. Bon vi: coulomb (C)
Dong dién (Current)
— La dong dich chuyén cua cac dién tich thong qua vat dan hodc phan tir
mach dién
— Ky hi¢u: I, i(t)
—Pon vi: Ampere (A). 1A=1C/s

— M01 quan h¢ gitra dong di¢n va dién tich

® = o)

q(t) = [itdt + q(t,)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é ﬂ BAI GIANG MON :
——

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-

DC (Direct current): Dong mot chiéu
— Dong dién c6 chiéu khong doi theo thoi gian.
— Tranh hiéu nham: DC = khong d6i,
—Vidu

1=3A, i(t)=10 + 5 sin(1007t) (A)
AC (Alternating Current): Dong xoay chiéu
— Dong dién c6 chiéu thay d6i theo thoi gian

Thomas Edison
(1847 —1931)

— Tranh hiéu nham: AC = Bién thién theo thoi gian
— Vidu:

e

i(t) = 2cos(2t),
i(t) =5+12c0s(200xt)

Nikola Tesla
1856 _ 1943




é T“T) BAI GIANG MON :
A . A
L icu)

* Tin hi¢u: la dai luong vat ly mang thong tin vao va ra cua hé
thong.
* Vidu
-~ Tiéng no1, am nhac, am thanh ...
— Dao ddng tir cac hé thong co hoc
— Chubi video va anh chup
— Anh cong hudng tir (MRI), Anh x-ray
— Séng dién tir phat ra tir cac hé thong truyen thong
— Di1én ap va dong dién trong cau kién, mach, hé théng. .
— Biéu d6 dién tam d6 (ECG), Pién ndo do6
— Emails, web pages ....

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é TJT) BAI GIANG MON :
A. Y A A Y
L ystems) va mé hinh .

» M0 hinh (Model): Céc h¢ thong trong thyc t¢ ¢ thé md ta bang md
hinh ghé hién moi quan hé gitra tin hiéu dau vao va tin hiéu dau ra cua
h¢ thong.

Mot hé thong cO thé chtra nhiéu hé thong con.

. MEA) h‘ln‘h hé thong c6 thé dugc biéu dién bang biéu thitc toan hoc, bang
bi€u, do thi, giai thuat ...

* Vi du hé thong lién tuc:

R . / Y _
y(t) = /I(t — 7)h(T) dT.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é ﬂ BAI GIANG MON :
s ong tw (Analog) va So (Digital) .

¢ Tuong tu (Analog)

o Tin hiéu co gia tr1 bién do1 lién tuc theo thoi gian

+ Hau hét tin hiéu trong tu nhién Ia tin hiéu tuong tu
+ Digital
o Tin hi€u co gia tr1 ro1 rac theo thot gian

« Tin hiéu luu trong cac hé thong may tinh 12 tin hiéu so,

theo dang nhi phan
X(t) | Xy
/\/M MV, T '«TT hm [ -
/ \r t e®
Analog Signal Digital Signal
t,X(t) e R n,x[n]eZ

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



éﬂ BAI GIANG MON :
O én 4p va Tin hi¢u dong dién

Dong dién (Current)
—La dong dich chuyén ctia cac dién tich thong qua vat dan hoic
phan tir mach dién
— Ky hiéu: I, i(t)

O
—Pon vi: Ampere (A). 1A=1C/s i @ R.
— Nguon tao tin hiéu dong dién: Nguon dong

O
Pién ap (Voltage)
— Hiéu dién thé gitra 2 diém

(b)

— Ning lugng duoc truyén trong mot don vi thoi gian cua dién tich

dich chuyén giita 2 diem. R
— Ky hiéu: v(t), Vi.;; U Vo ViU .. M0
— DPon vi: Volt (V) u(f)

O

— Nguon tao tin hiéu dién dp: Nguon dp
(a)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




BAI GIANG MON :
tir mach dién co ban

+ Nguodn doc 1ap

+ Nguon c6 diéu khién

+ Phan tir thy dong

+ Ky hiéu c4c phan tir mach dién trong so do mach (Schematic)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é T\,,T) BAI GIANG MON :
/i A
—.~/._ ap .

Nguon ap
Nguon Pin Nguon ap doc 1ap 1y tudng  Ngudn ap doc lap khong 1y tudng

L, O ¢| 0 O

Nguon dong

|+

Nguon dong doc lap 1y tuong Nguon dong doc 1ap khong 1y tuong

WO Do D e

O

GIANG VIEN: ThS. TRAN THUY HA
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) BAI GIANG MON :
icu khién

Nguon ap
Nguon &p c6 diéu khién Iy tuong ~ Nguon ap co diéu khién khong Iy tuong
—}—o
R, R
\U(l) \U(U) \U(I) <?\U(U)
O O
Nguon dong

Nguon dong c6 diéu khién Iy tuong Ngudn dong c6 diéu khién khong Iy tuéng
'9) O

<> 1(1) <> 1(V) <>|(|) Rs <>|(U) Ry

o) o)
GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




L g phap co ban phan tich mach dién ,

+ m1l (method 1) : Cac dinh luat Kirchhoff : KCL, KVL
+ m2: Luat két hop (Composition Rules)

+ m3:Xép chong (Superposition)

+ m4:Bién d6i twong duong Thevenin, Norton

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



s inh luat Kirchhoff : KCL, KVL .

Muc tiéu: Tim tat ca cac thanh phan dong dién va dién 4p trong mach.

Cac buwoc thy hién:
1. Viét quan hé V-1 cua tat ca cac phan tir mach dién
2. Viét KCL cho tat ca cac nit
3. Viét KVL cho tat ca cac vong

RUt ra dugc hé nhiéu phuong trinh, nhiéu an => Giai hé

Chi y: Trong qua trinh viét cac phuong trinh ¢ thé rat gon ngay dé
giam soO phuong trinh so an.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



éﬂ BAI GIANG MON :
s hoff’s Current Law .

Kirchhoft’s current law (KCL)

S ai, (€ —0| & | Newi© di vio it
= a.=-1 Néu i,(t) di ra khoi nat

—Téng gid tri cuong dé dong dién di vao va ra tai mét nit bang

khong

— Tong gid tri cwong do dong dién di vao mit bang Tong gid tri
cuong do dong dién di ra khoi nut.

u
i i : i
1 '3 | 1 3

i, +i, =i, L+I,—1;3=0 Gustav Kirchhoff
(1824 — 1887)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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LT chhoff’s Voltage Law .

Kirchhoft’s voltage law (KVL)

b,=-1 Néu v,(t) ngugc chiéu vdi vong

N . .
b.=1 Néu v.(t) cung chiéu véi von
Z bnvn (t) — O n n( ) g g
=1

Tong dién ap trong mgt vong kin bang khong loop 3

Vi du: ! 34

Loopl: IV +3V+3V-9V =0

Loop2: -3V +12V -4V -5V =0
Loop3: V-3V +12Vv -4V +3V -9V =0

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




.—/.— et hgp (Composition Rules) .

Vi du
R, R, R, R, R +R,+--+R,
A NN & oo
C o
B 62626, o =G+G,+G,y
o o— Gr:_
R;
c non N+, ! Ed
N i )
O 0 — o + = o]
’_.—._' @ \_ Ry /
V@) o x - V'\iD =¥
R, + R,
D ’ R=R + R,
Jrl Il D > Il-l_I’J‘ R2+R3
2 -
o I:R—

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



r?u GIANG MON :

chong (Superposition)

- Trong mach tuyén tinh (gom Cc&c phan tir tuyén tinh va nguon doc lap
hodc ngudn c0 di€u khién) cO thé phan tich mach theo nguyén ly xép

chong nhu sau:

+ Cho lan luot mdi nguodn tac dong lam viéc riéng r€, cac nguon khac
khéng 1am viéc phai theo nguyén tic sau day: Ngudn ap ngan mach, Nguon
dong hd mach.

+ Tinh tong cOng cac dap irng cua mach do tat ca cac ngudn tac dong riéng

ré gay ra.

Xy —
-‘!:-2 '.—‘

‘Yl &

_.{I.}!

Xip T X5

g Xp—

Y20 — V. Y — ¥

YaT Vs

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



¥ BAI GIANG MON :
ong (Superposition)

Vi— 0—

0 — -1}1 p’r;-.. —_— V)

b

+ —
+ —_— - i)

[
+ + + | +
V=0 Ci) y  — v I=0 C‘D y  — v
5 IR 5 I—o'
short open

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



) BAI GIANG MON :
ong (Superposition)

V' acting alone

R
M€ MW—F
Rl
R R, I=0 e =—2>—-V
V@ SO VCD = " R +R,
e="? I acting alone
MW—T
Rl
RR,

R, = CT I E’zsz

sum = superposition
R, . RR,
R +R, R +R,

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-

e=e, +e = 7




BAI GIANG MON :
0i trong duong Thevenin, Norton

The Thévenin Method The Norton Method

Norton
equivalent

I;‘v' — Vﬁ
RTH

V1y: Dién ap ho mach
Iy : Dong dién ngan mach
Rry=Ry=Vri/ly

Q1

|
|
|
|
|
FTH Vi E
|
|
L
|
|

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




BAI GIANG MON :
oi twrong dwong Thevenin, Norton

Bién doi twong dwong

Nguon dong — Nguon ap
— }+—-o0 ©
— (D) [bR
O I_i
RS
[ —oO
- <>I(V) [b
|(V)—

GIANG VIEN: ThS. TRAN THUY HA
Y THUAT PIEN TU-



BAI w
phap phan tich mach di€én phi tuyén .

Mach dién cO phan tir phi tuyén (D)

Wy .
R o
+ — D
d ] = " i =ae™
[ lD

- Phwong phap phan tich mach phi
tuyén

+ Phuong phap phan tich: dua vao

a
ml, m2, m3 _/
+ Phuong phép db thi 00 do)

)

+ Phan tich gia sé (Phwong phap
tin hiéu nho - small signal method)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




g; ap phan tich .

- Ap dung phuong phap mil, m2, AMN .
m3 cho Cc4c phan tir tuyén tinh va R . | ip
phi tuyén, duoc hé 2 phuong 74 v| D |-

(

v, =V .
& +i, =0 D ——
R
i, =ae”” @
- Giai hé phuong trinh:

+ Dung phuong phap thir sai
+ DUNng phuong phap s6
=> Viéc giai hé phuong trinh phtc tap

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




L g phap do thi .

- Giai hé 2 phuong trinh (1) va (2) bang phuong phap d6 thi

F 3 ZD
LZD
@ i, =ae"
V\
d ]
>V

/

R
. D ~04
47 ] :——V_D a

\ o @ R R ___—
’ 1
R slope = ——
K R

:VD

7

GIANG VIEN: ThS. TRAN THUY HA
0 THUAT PIEN TU-



é ﬂ BAI GIANG MON :
O/ s0 (Phwong phap tin hiéu nhé - small signal

Thuc hién theo cac bwoc sau:

1. Xac dinh ché do lam viéc mot chiéu ctia mach (I, V)

2. Xéc dinh mo hinh tin hi¢u nho ciia céc phan tir phi tuyén tai diém lam
viéc mot chiéu da tinh.

3. V& mo hinh twong duong tin hiéu nho cua toan mach va tinh toan cac
tham so tin hiéu nho (iy, v,)

4. Viét két qua ctia tham sé can tinh trong mach

ip=1p+i;

total DC small
variable offset superimposed
signal

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



h twong dwong cia phan tir phi tuye .

- Ché do mot chieu: = I,

vo(* M bV
(Z LED|y, [7, =ae™

- M0 hinh tin hiéu nhd ctia phan tir phi tuyén: i =1,bv,

+ vV, -
- So d6 mach tuong duong o——ANN, o
. l
tin hi¢u nho: d R = 1
R 1, ]D b
+ 1
V. v S
i _d ]Db
Linear!

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



i BAI GIANG MON :
ai cau kién dién tw

* Phan loai dwa trén dac tinh vat ly
* Phan loai dwa trén chirc nang xw ly tin hiéu
* Phan loai theo trng dung

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é TﬁTr&I GIANG MON :
. n o r N ' 4
L ai dwa trén dac tinh vat ly .

- Linh kién hoat déng trén nguyén ly dién tir va hiéu rng bé mat: dién
tré ban dan, DIOT, BJT, JFET, MOSFET, dién dung MOS... IC tir mat do
thap dén mat dé siéu c& lon UVLSI

- Linh kién hoat dong trén nguyén ly quang dién nhw: quang tro,
Photodiot, PIN, APD, CCD, ho linh kién phat quang LED, LASER, ho I|nh
kién chuyen hoa nang lwgng quang dién nhuw pin mat tro’l ho linh kién
hién thi, IC quang dién to

- Linh kién hoat dong dwa trén nguyén ly cam bién nhu: Ho sensor
nhiét, dlen tlr, hoa hoc, ho sensor co, ap suat quang btrc xa, sinh hoc
va cac chung Ioa| IC thong minh trén co s& t6 ho’p céng nghé IC truyén
thong va cdng nghé ché tao sensor.

- Linh kién hoat dong dwa trén hiéu ng lwong tir va hiéu wng moi:
cac linh Kién duo’c ché tao bang céng nghé& nano co cau trac siéu nhd
nhw : B6 nhé moét dién tr, Transistor mot dién tw, gleng va day lwong t,
linh kién xuyén ham mét dién tl, cau kién dua vao cau trdc sinh hoc
phan t ..

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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éT}LTml GIANG MON :
. y e
L ai theo chirc nang .

Linh kién thu dong: R,L,C...
Linh kién tich cuc: DIOT, BJT, JFET, MOSFET, IC, Thysistor,
Linh kién thu quang, phat quang ...

(+ Linh kién tich cuc (Active Devices): la linh kién cé kha nang
diéu khién dién ap, dong dién va co thé tao ra chtc niang hoat
doéng chuyén mach trong mach "Devices with smarts!" ;

+ Linh kién thu dong (Passive Devices) la linh kién khong thé co
tinh niang diéu khién dong va dién ap, cling nhu khong thé tao ra
chitc ning khuéch dai cong suat, dién ap, dong dién trong mach,
khong yéu cau tin hiéu khac diéu khién ngoai tin hiéu dé thuc
hién chirc nang cua nd “Devices with no brains!®)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




CHUONG 2.

VAT LIEU PIEN TU




BAI GIANG MON :
é vat liéu dién tor

« Co s vat ly cua vat liéu dién tw
« Chat cach dién

« Chat dan dién

« Vat liéu tw

« Chat ban dan

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é :)T BAI GIANG MON :
O/ vat ly cua vat liéu dién tw

Ly thuyét vat Iy chat ran
Ly thuyét vat Iy co hoc lugng tir

Ly thuyét dai ning lwong ciia chat ran
Ly thuyét vat Iy ban dan

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



{a) Crystalline (b} Amorphous (¢} Polyerystalling

- Vat liéu dé ché tao phan 16n cac linh kién dién tir 12 loai vat liéu tinh thé ran

- CAu tric don tinh thé: Trong tinh thé ran nguyén tr dugc sap xép theo mot
trat tu nhat dinh, chi can biét vi tri va mét vai dic tinh caa mét so it nguyén
tr chiing ta cd thé du doan vi tri va ban chat hda hoc cua tat ca cac nguyén
tir trong mau.

- Tuy nhién trong mot s6 vat liéu cO thé nhan thay rang cac sap xép chinh xéc
clia CAC nguyén tir chi ton tai chinh xac tai ¢& vai nghin nguyén ti. Nhiing
mién C6 trat tu nhu vay duoc ngin cach bai bo bién va doc theo bo bién nay
khong co trat tu - cau tric da tinh thé

- Tinh chat tuan hoan cta tinh thé ¢ anh hudng quyét dinh dén céc tinh chat
dién cua vat liéu.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




éT),,T BAI w
L Ea et vat ly co hoc lwong tir .

- Trong cau trdc nguyén ti, dién tr chi c6 thé nam trén cac mirc
ning luong gidn doan nhat dinh ndo dé goi 1a cdc muc ning
lugng nguyeén tu.

- Nguyén ly Pauli: Mdi dién tir phai nam trén mot muic ning
lrong khac nhau.

- M6t muirc nang luong duogc dac trung bo1 mot bd 4 $0 lwong tu:
+n—sb luong tir chinh: 1,2,3,4....
+1—sd luong tir quy dao: 0, 1, 2, (n-1) {s, p,d,f,g,h...}
+m— s6 lwong tir tir: 0,41, +2, +3... #l
+ Mg s0 luong tir spin: +1/2

- n, | ting thi mirc nang lugng ctia nguyén tir tang, e- duoc sap xép
& 16p, phén 16p c6 nang lugng nho trude.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é ﬂ BAI GIANG MON :
s anh vung nang lwong (1) .

- Pé tao thanh vat lidu gia st cO N nguyén tir giong nhau ¢ xa vo tan tién
lai gan lién két voi nhau:

+ Néu c4c NT céac xa nhau dén murc ¢d thé coi chiing 14 hoan toan doc lap
vdi nhau thi vi tri cia cdc mirc nang lwong cua ching la hoan toan
trung nhau (tirc la mot mirc trung chap).

+ Khi cac NT tién lai gan nhau dén khoang cach c& A°, thi ching bat dau
twong tac v4i nhau thi khdng thé coi ching 1a doc 1ap nira. Két qua 1a
cac murc nang luong nguyén tir Khdng con trung chap nira ma tach ra
thanh cac mirc nang lugng roi rac khac nhau. Vi du mac 1s sé€ tao thanh
2.N murc nang luong khac nhau.

- Néu s0 lugng cac NT rat 16n va gan nhau thi cac muc ning luong roi
rac d6 rat gan nhau va tao thanh mot ving nang luong nhu lién tuc

- Su tach mot mirc nang lugng NT ra thanh vung nang luong rong hay
hep phu thudc vao su tuong tac giira cac dién tir thudc cac NT khac
nhau véi1 nhau.

GIANG VIEN: ThS. TRAN THUY HA
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BAI w
anh vung nang lwong (2) .

C 6 15%25°2p?

Si 14 1522522p®%35%3p?

Ge 32  1s%2s22p®3s23p°3di4s24p?

Sn 50 1522522p%3523p°3d194524p®4d105525p2

\\\
\\\
n=2
8 Electrons
Six allowed levels
at same energy
Two allowed levels
at same energy
Sp
n=1\ _
2 Electrons

n=3 -
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sw hinh thanh vung nang lwgng (1) .

Mirc So trang So trang So trang So trang
thai thai thai thai
2p 6 12 12 6N
1s 2 4 4 2N
a. MOt NT b.2NTkhong  C.2NT d. N Nguyén tir
doc lap tuwong tac tuong tac tuwong tac

GIANG VIEN: ThS. TRAN THUY HA
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r hinh thanh vang nang lwong (1) .

- C4c vlng nang luong cho phép xen k& nhau, gitta ching 1a viing cam

Céc dign tir trong chat ran s& dién day vao cac mic nang lugng trong céc
vung cho phép tir thap dén cao.

C6 thé c6 : ving dién day hoan toan (thuong c6 nang luong thap), ving
trong hoan toan (thuong co nang luong cao), vung dién day mot phan.

Xét trén 16p ngoai cung:

+VUNng ndng lwong da dwoc dién day cac dién tir goi la“NVung hoa tri”

+ Vung nang lwangjm”’ng hodc chuwa dién day ngay trén ving hoa tri

goi la “vVung dan”

+ Vung khong cho phép giiza VUng hda #i va Ving dan 1a “Vang cam”
TUy theo su phén bo cua cac viing ma tinh thé ran c6 tinh chat dién khac
ntlau: Chat cach dién — dan dién kém, Chat dan dién — dan dién tot, Chat ban
dan.

GIANG VIEN: ThS. TRAN THUY HA
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BAI GIANG MON :
ao thanh nhirng vung nang lwgng khi cac nguyén t

cua cac
trang
thai

chinh nhém IV duwgc dwa vao dé tao ra tinh the

vun . 4N trang thai
d?m] , khong co dién tir
o
?
g 6N trang thai co
2N dién tir
im 2N trang thai co
2N dién tir
vung r~ . 5
ho4 tri : . 4N trang thai c6 4N
®

' dién tir

Cac mirc nang lwgng cua l6p trong cung khong bi anh hu’('}ng béi cAu triic mang
tinh thé =

v

X1 Xy, Xg Xy X

GIANG VIEN: ThS. TRAN THUY HA
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i nang lwgng cua vat chat

E Dai E E+
o« din Tk
Ec| | Digntr—+e o o @ |Ec Dii
Ec>2¢eV AEG <2eV dan EV
EV v
Ev| Lo trong—° © © © Ecy Ec =0 Dai
hoa
< Dai _| | tri
hoa tri
a- Chat cach dién; b - Chéat ban din; ¢- Chét dan ;i_ién

+ PO dan dién cua cia vat chat ciing ting theo nhiét do

+ Chat ban dan: Sy mat 1 dién tir trong dai hoa tri s& hinh thanh mot 16 trong
(Mtrc nang luong bo trong trong dai hoa tri dién day, 16 trong ciing dan dién nhu
cac dién tu tu do)

+ Cau trac dai nang luong cua kim loai khong c6 ving cam, dién tir hoa tri lié két
yéu v6i hat nhan, dudi tic dung cua dién truong ngoai cac e nay co thé dé dang di
chuzén 1én cAc trang thai cao hon tao thanh cac e tu do, nén kim loai dan dién tot.

GIANG VIEN: ThS. TRAN THUY HA
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BAI GIANG MON :
al vat liéu dién tw

Cac vat liéu sw dung trong ky thuat dién, dién tir thwong dwoc
phan chia thanh 4 loai:

- Chat cach dién (chat dién moi).

- Chat dén dién.

- Vat liéu tur.

- Chat ban dén

GIANG VIEN: ThS. TRAN THUY HA
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L CH DIEN (CHAT PIEN MOI) .
a. Dinh nghia
- L& chat dan dién kém, 14 céc vat chat co dién tro sut cao vao khoang

107 =+ 10YQm ¢ nhiét do binh thuong. Chat cach dién gdom phan 16n
cac vat liéu hitu co va mot s6 vat liéu vo co.

- Déc tinh cua vat liu anh hu’O’ng rat 16n den chat lugng cua linh kién.
Cac dac tinh gom: tri s6 g10’1 han d6 bén Ve dién, nhi€t, co hoc, do cach
dién, sy ton hao dién moi... Cac tinh chat cia chat dién moi lai phu
thudc vao nhiét d6 va do am mdi truong.

b. Céc tinh chat ciia chat dién moi.

b.1 D6 tham thau dién twong doi (hay con goi 14 hang sé dién moi)
b.2 D¢ ton hao dién moi (P,)

b.3 DG bén vé dién ciia chat dién moi (E it)

0.4 Nhiét do chiu dung

b.5 DONg dién trong chat dién moi (1)

b.6 Pién tré cach dién cua chat dién moi

GIANG VIEN: ThS. TRAN THUY HA
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é o BAI GIANG MON :
O/ di€én moi twong doi

- Hang s6 dién mdi tuong doi cua cua 1 chat cach dién duoc Xac
dinh bang ty so gitra dién dung cua tu dién cO chat dién moi va dién
dung cua tu dién cO cung kich thudc nhung la dién moi chan khong
_ Gy

Co

e

Trong do:
+ C, la dién dung cua tu dién sir dung chat dién moi;

+ C, la dién dung cua tu dién su dung chat dién modi 1a chan khéng
hoac khong khi.
- Do d6 ¢ biéu thi kha niang phan cuc cua chat dién moi. Chat dién
moOi dung lam tu dién can cO hang s6 dién moOi € 16n, con chat dién
mOi dung lam chat cach dién c0 € nho.

GIANG VIEN: ThS. TRAN THUY HA
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hao dién moi 1a céng suat dién ton hao dé lam nong chat dién
hi dat no trong dién truong, dugc Xac dinh thong qua dong dién

,\—s

P, = U%wCtgd

Trong do.
U la dién ap dat 1én tu dién (V)
C 14 dién dung cta tu dién dung chat dién moéi (F)
» 14 tan so goc do bang rad/s
g5 la gac ton hao dién moi
- Néu ton hao dién moi trong tu dién co ban la do dién trd cua cac ban

cuc, dan va tiép glap (Vi du 16p bac mong trong tu mi ca va tu gom)
thi ton hao dién moi sé tang ti 1& véi binh phuong cia tan so:

P, = U202C2R

GIANG VIEN: ThS. TRAN THUY HA
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é i BAI GIANG MON :
1 oA ? A oA Ao
\a dién cua chat dién moi (Ed.t.)

- Néu ta dat méot chat dién mdi vao trong mot dién truong, Khi ta
ting cuong do dién truong l18n qua mot gia tri gidi han thi chat
dién moi d6 mat kha ning cach dién - ta goi d6 14 hién tuong
danh thung chat dién moi.

- Cuong do dién truong tuong tng véi diém danh thung goi 1a d
bén vé dién cia chat dién moi dé (="}

E 4 :% [KV/mm; KV /cm]

Trong dé: Uy, - la dién 4p dénh thing chat dién moi
d - d6 day cua chat dién moi
- Hién tuong danh thing chat dién méi c6 thé do nhiét, do dién va
do qua trinh dién hoa.

GIANG VIEN: ThS. TRAN THUY HA
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(ot BAI GIANGMON‘
L trong chat dién méi (I): .

Khi dat dién mOI trong dién truong, trong dién moi dién ra 2 hién twong co ban
|a: Hién twong phan cwe dign moi (trén bé mat dién moi xuat hién cac dién
tich trai dau véi dién tich trén bé mit ban cuc) va Hién twong din dién cia
dién méi (trong dién moi xuat hién sy chuyén doi cia cac dién tich tu do tao
thanh dong dién co tri so nho gitta cac ban cuc. C6 2 thanh phan dong dién
nhu sau:

- Dong dién chuyén dich I-,, (hay goi la dong dién cam tng): Qua trinh
chuyén dich phan cuc ctia cac dién tich lién két trong chat dién méi xay ra cho
dén khi dat dugc trang thai can bang sé& tao nén dong dién phan cuc hay con
goi la dong dién chuyén dich trong chat dién mai I ,,.

- Dong dién ro |, : dugc tao ra do cac dién tich ty do va dién tu phat xa ra
chuyén dong dudi tdc dong ctia dién truong, tao ra dong dién chay tir ban cuc
nay sang bang cuc kia. Néu dong ro 16n s& lam mat tinh chat cach dién cua
chat dién moi.

+ DONg dién tong qua chat dién moi s& 1a: 1= 1., + |

+ Sau khi qua trinh phan cuc két thuc thi chat dién moi chi con dong dién ro.

GIANG VIEN: ThS. TRAN THUY HA
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é o BAI GIANG MON :
1 r 4 I{ oA A e
I_J_ a wng dung cua chat dien mol. .

Phan loai: Chat dién moi thu dong va tich cuc

- Chat dién moi thu dong con goi 1a vat liéu cach dién va vat liéu tu
dién. Day la cac vat chat duoc dung lam chat cach dién va lam chat
dién moi trong cac tu dién nhu mi ca, gom, thuy tinh, polyme tuyén
tinh, cao su, son, giay, bot tong hop, keo dinh,... D61 véi vat liéu dung
de cach dién thi can co d6 tham thau dién € nhd, con vat liéu dung lam
chat dién moi cho tu dién can co ¢ 16n.

- Chat dién moi tich cwe 1a cac vat lidu ¢ € thé diéu khién duogc bang:

+ Pién truong c6 gom, thuy tinh, ..

+ Co hoc ¢0 chat ap dién nhu thach anh

+ Anh sang c6 chat huynh quang...

Loai dién mOi nay dung trong cac bd tao tin hiéu dao dong, bd
loc...

GIANG VIEN: ThS. TRAN THUY HA
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é ﬂ BAI GIANG MON :
\/ PIEN

a. Dinh nghia

- Chat dan dién la vat liéu c6 do dan dién cao. Tri so dién trd suat clia
né nhé hon so véi cac loai vat liéu khac. Dién trd suat cua chat dan
dién nam trong khoang 108 + 105 Qm.

- Trong tu nhién chat dan dién c6 thé 1a chat ran — Kim loai, chat 16ng
— Kim loai néng chay, dung dich dién phan hodc chat khi ¢ dién
trueong cao.

b. Céac tinh chat ciia chat dan dién

b.1 Pién tré sudt:

b.2 Hé s6 nhiét ciia dién tré sudt ():

0.3 Hé s6 ddn nhiét : \

b.4 COng thoat cua dién tir trong kim loai:

b.5 Pién thé tiép xUc:

GIANG VIEN: ThS. TRAN THUY HA
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é T;Tml GIANG MON :
h
L PIEN .

b.1 Pién tré suit:
- Pién trd cua vat liéu trong mot don vi thiét dién va chiéu dai:

sz? [2m] , [mm] , [u<2m]

- Pién trd suat C}"la chat dan dién nam trong khpéng tu: p = 0,016 pu€2.m
(cua bac Ag) dén p= 10 uQ.m (cua hop kim sat - crém - nhom)

b.2 Hé s6 nhiét ciia dién tré suat (o):

- Hé s6 nhiét cﬁa} dién tro suat biéu thi sy thay doi ctia dién tré suat khi
nhiét d6 thay doi 1°C.

- Khi nhiét d6 tang thi dién trd suat ciing ting 1én theo quy luat:

pt =po(d+at)

b.3 Hé so dan nhiét : A [w/ (M.K)].

- Hé s6 dan nhiét 1a luong nhiét truyén qua mot don vi dién tich trong

mot don vi thoi gian khi gradien nhiét do bang don vi. 0=12Tst
Al

GIANG VIEN: ThS. TRAN THUY HA
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é ﬂ BAI GIANG MON :
L DIEN

b.4 CONng thoat caa dién tix trong kim loai:

- CoOng thoat cua kirp loai biéu thi nang luong téi thiéu can cung caflp cho
dién tr dang chuyén dong nhanh nhat 6 0°C @é dién tir nay c0 thé thoat
ra khoi bé mat kim loai. E,,, = Eg - E

Trong d6 Eg: niang lugng can dé dién tir thoat ra khoi bé mat kim loai

E-: dOng nang cua dién tu.
b.5 Pién thé tiép xuc
- Su chénh léch thé ning E,g giita diem A va B dugc tinh theo cong
thurc: N
B

Vag= Eag = Ew - B

C

GIANG VIEN: ThS. TRAN THUY HA
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O/ irng dung cuia chat dan dién

Phan loai: 2 loai

- Chat dan dién c6 dién tré suat thap — Ag, Cu, Al, Sn, Pb... va
mot s0 hop kim — Thuong dung lam vat liéu dan dién.

- Chat dan dién c6 dién tré suat cao nhu Hop kim Manganin,
Constantan, Niken-Crom, Cacbon — thuong dung dé ché tao cac
dung cu do dién, cac dién trd, bién trd, cac day may so, cac thiét
bi hung nong bang dién.

GIANG VIEN: ThS. TRAN THUY HA
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h by . o
.—J— EU TU (Magnetic material)

a. Dinh nghia.

- Vat licu tir 1a vat lidu khi @it vao trong mot tir truong thi nd bi nhiém tur
(bi ttr hoa). Vi du: Thoi sat dat canh nam cham, théi sat s€ bi nam cham
hat, nghia la n6 bi tir hoa va tré thanh nam cham. ..

b. Cac tinh chit dic trung cho vt ligu tir G
b.1 Tir tré VA tir tham . gy

b.2 Po tir tham tuwong doi (n r) . -
b.3 Puong cona tir hba -

oooooooo

: i
e % ]

———————————————————————————— 2
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ua tu treong

- Nguon goc ciia tir trwong: dong dién 1a nguon goc cua tir truong hay
n6i mot cach ban chat, chuyén dong cua cac dién tich 14 nguon goc cua
tir truong. Moi dién tich chuyén dong sinh ra mot tir truong, hay mot
ludng cuc tir (tao thanh mot mémen tir, xem hinh v€). MOomen tir cua
mot nguyén tir sinh ra ¢ thé do 2 nguyén nhan:

+ Chuyén dong quy dao cua cac dién tor (mémen quy dao L)

+ Chuyén dong tu quay cua cac dién tir (mdmen spin S). Spin 1a mot dic
trung cua mot hat co ban.

- M6 men tir m=i.S, chiéu ctia m x&c dinh theo quy tac vin nit chai va

hudng vudng goc vaéi dién tich S.
m
A

GIANG VIEN: ThS. TRAN THUY HA
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/7 BAI GIANG MON :
Fy 6

- Vat liéu tir dat trong tir truong no bi tir hoa. Khi @6 chdng tré nén
cO tur tinh va sinh ra mot tir tredong phu (tir treong riéng B’), do do
tir treong tong hop B trong chat bi tir hdéa nhu sau:

B=B,+B
Trong dé: B,: Vecto cam ung tir cila tir truong ban dau (tir
treong ngoai dat vao).

- TUy theo tinh chat va mac do tir hoa, phan biét ba loai tinh chat
cua vat liéu nhu sau:

- Nghich tir: B nguoc chiéu véi B,
- Thuén tir: B’ cung chiéu voi B,
- Sit tir: B cung chiéu véi B, va 16n hon B, ban dau nhiéu lan

GIANG VIEN: ThS. TRAN THUY HA
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{ ﬂ BAI GIANG MON :
iJ'_ t dac trung cho vat li¢u twr

B, = 6H - Trong do H: cuong do tir trudng ngoai.
Do tu tham twong doi i B = 1B, = w1, H
_ -Trong d6 w: Po tir tham twong doi cia vat liéu
Tu tro:
- Tur dién tré, hay cOn goi tat 1a tir tro, & tinh chat cua mot s6 vat
liéu, co thé thay doi dién tré suat dudi tac dung cua tir trudong ngoai

- Nguoi ta thuong ding khéi niém ti s6 tir tré dé néi 1én do 16n cua
hiéu Ung tir dién tro, cho boi cong thire: _
M R(%) — p(H) — p(0)  R(H) — R(0)
o p(0) , {(0) .
Trong do: p(H),p(0),R(H),R(0) lan lwot la dién trd suat va dién trd
tai tur truong H va tr truong H = 0.

GIANG VIEN: ThS. TRAN THUY HA
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B;mw
g tir hoa .

- Puwong cong tir hda (hay day du & dwong cong tir hda ban dau)
la d6 thi md ta qué trinh tir hoa vat tir tir trang thai ban dau chua
nhiém tir (trang thai khir tir), ma thé hién trén do thi 1a su thay doi
ctia tinh chat tir (thdng qua gia tri cua tir do, cam Gng tir...) theo
gia tri cua tir truong ngodi. O pham Vi cau trdc vi mé, qud trinh tur
hoa chinh 1a su thay doi vé cau tric tir théng qua cac co ché khac
nhau.

GIANG VIEN: ThS. TRAN THUY HA
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T I e A oA A
-a\ wng dung cua vat lieu tw .

- Vit li¢u twr mém co do tur tham cao va luc khang ttr nhé (H nho va p
10’n) dé 1am 16i blen ap, nam cham di¢n, 161 cudn cam... cac loal sat tur
mém thuong gip: Sat thoi chira mot luong nho tap chat C Mn, Si,.

- Vit liéu tir cirng c6 do tir tham nho va luc khang tir cao (H, 10’n va u
nho).
+ Phén chia theo ing dung chia vat liéu tir cirmg thanh 2 loai:
Vit liéu dé ché tao nam cham vinh ctru.
Vat liéu tir ¢ ghi am, ghi hinh, giit &m thanh, v.v..
+ Phan chia theo cong nghé ché tao, chia vat liéu tir cirng thanh:

- Hop kim thép duoc t6i thanh Martenxit 12 vat liéu don gian va ré nhat dé ché
tao nam cham vinh cuu.

- Hop kim 1a tir cting.

- Nam cham tur bot.

- Ferit tir cing: Ferit Bari (BaO.6Fe,0,) dé ché tao nam cham diing & tan so
cao.

- Bang, soi kim loai va khong kim loai duing dé ghi am thanh.

-~ bang, So1 | _
GIANG VIEN: ThS. TRAN THUY HA
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BAN DAN .

I S A

Pinh nghia chit ban dan

Cau tric mang tinh thé chat ban din
Chat ban din thuin

Chit ban din khong thuan

Dong dién trong chat ban dén

P§ din dién chat ban dan

GIANG VIEN: ThS. TRAN THUY HA
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L/ inh nghia

- Chat ban dan 1a vat chat c6 dién trd suat nam & giira tri s6 dién
trd suat cua chat dan dién va chat dién moi khi ¢ nhiét d6 phong, p
=104 +10"Q.m

- Chat ban dan 1a chat ma trong cau tric dai ning lugng ¢ do
rong vling cam 1 0<E;<2eV.

- Chat ban dan trong tu nhién: Bo (B), Indi (In), Gali (Ga) ¢
nhom 3, Silic (Si), Gecmani (Ge) thuoc nhom 4, Selen (Se), Iuu
huynh (S) & nhém 6, Asen (As) thuoc nhém 5, v.v.. hoic hop chat
nhu clorua dong (CuCl), Asenic Canxi CaAs, Oxit dong CuO, v.v..
- Trong k¥ thuat dién t hién nay str dung mot s6 chat ban dan co
cau trdc don tinh thé. Quan trong nhat 1a hai nguyén to Gecmani va
Silic.

GIANG VIEN: ThS. TRAN THUY HA
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truc mang tinh thé chat ban dan d .

MJdi nguyén tir Si lién két vai
7 4 nguyén tir bén canh

GIANG VIEN: ThS. TRAN THUY HA
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triuc mang tinh theé cua chat ban dan

.
Uil
L

e

ﬁﬁﬁﬁﬁﬁﬁﬁ

4
s

g
i
Vo

Chat ban dan ghép: Hop chit ciia cac nguyén tir thuc phan nhém
chinh nhom III va phan nhom chinh nhom V: GaAs, GaP, GaN, ...
quan trong trong cac cau kién quang dién va IC toc do cao

GIANG VIEN: ThS. TRAN THUY HA
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p r X A o . .
L at ban dan thuan (Intrinsic semicondu .

- Chat ban dan ma ¢ mdi ndt ctia mang tinh thé cua nod chi cd
nguyén tir ctia mot loai nguyén to, vi du nhu cé4c tinh thé Ge
(gecmani) Si (silic) nguyén chat ...

- Vi du xét tinh thé Si, Eg=1,21eV (tai nhiét d6 300K)

SL s A s 2 Dii E
‘° ...... ) "0 din N

. o o bi¢n ti’rE_ >0 00 0
> o : °| [Ec<2eVv
(e (e (s 3

K LS tréng_—+© ©0 ©
° ‘o °
i o o )

SI Si A~ .S Dai _ |
"?:::".'6’. ...... * °.° hod tri

et e °
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p r X A o . .
L at ban dan thuan (Intrinsic semicondu .

Su tao thanh 16 trong va dién tir tw do

- O nhiét do phong mét sb lién

két cong hoa tr biphavogora S A s A e X
dién tir tw do va lo trong. ‘00000

- L6 trong ciing ¢6 kha nang dan . ¢ o
° A ° A ? N : '...: :. .:
dién nhu dién tr ty do, mang Si ¥ gj S; X

dién tich va ¢ cing do lon voi  #(raysa(a )y

dién tich dién tu. . e i g Ditntu
Lo o i 75T twdo
7 X A 7 A A ’ . ‘@ ‘@ ‘@ .
- Ban dan thuan CO nong do hattréngSi % o Si =
dan 13 tréng va ndng do hat dan .. ,,,,,, : .. ..... 8
dién tor bang nhau: p=n=p;= ‘s K ‘o
Nn-.
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D0 dan dién cua chat ban dan o oo 1

yo,

c=(Nu, + p-“p)-q

n. - do linh dong cua dién tir ty do
M, - d0 linh dong cua 16 trong
q — dién tich cua dién tir q=1,6.10"1°C

+ Mat d6 dong dién khi chat ban dan dat trong dién truong ngoai
E: J=0.E=(nu,+p.u,)qE

GIANG VIEN: ThS. TRAN THUY HA
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Qua trinh tao hat tai dién va qua trinh tai hop
- Toc do tao hat tii dién phu thudc vao T nhwng lai doc lap véi n va

D - nong dj cia dién &r tw ¢lo va ciia 16 trong :
thermal + optical

- Trong khi dé toc do tai hﬁ) lallglple thuin véicanvap
oC

- Trang thai on dinh xay ra khi toc do tao va tai hep can bang
G=R = np=1f(T)

- - Néu trong truwong hop khong cd cac ngudn quang va nguon dién
trwedng ngoai, trang thai on dinh dweoc goi la trang thai can bing
nhiét “thermal equilibrium” hay dinh luat Mass-action:

np = ni2 (T)

GIANG VIEN: ThS. TRAN THUY HA
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Ham phéan bo Fermi-Dirac

- L& co sd dé xét sy phan bo hat tai dién trong chat ban dan.

- Xét hé gom N dién tir tw do nam & trang thai can bang nhiét tai
nhiét 30 T. Phan bo cac dién tir d6 tudn theo nguyén Iy loai trir
Pauli. Tim phan bo ctia cac dién tir theo cac mirc ning lugng?

- Nguyeén ly loai trir Pauli 1a hé qua cia mot nguyén ly co ban hon,
d6 1a nguyén ly khong phan biét gitta cac hat giong nhau ap dung
vao truong hop hé gom cac hat farmion (cac hat c6 spin la boi
1/2).

- Ap dung nguyén Iy ning luong toi thiéu: “xac suat dé mot hé
gom N hat giong hét nhau nam trong trang thai ning luong E ty
1¢ nghich véi E theo ham mii exp, cu thé la:

Py(E) ~ exp(-E/KT).

GIANG VIEN: ThS. TRAN THUY HA
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Ham phan b6 Fermi-Dirac
- Bang cach &p dung nguyén ly trén kém theo véi nguyén Iy loai trir Pauli
nguoi ta da tinh toan ra 101 giai la ham phan bo Fermi-Dirac: Xac suat
murc nang luwong E [eV] bi dién tw lap day tai nhiét do T tuan theo ham

phan b6 Fermi- Dirac nhuw sau: fE)s
1
f(E)= EE
— T=0K
exp = +1 1
( KT j "
-Trong dO 0’5 ______________ T:3000K
K: Hing s6 Boltzmann (eV/ °K) T=2500°
K= 8,62x10° eV/°K K
T - Nhiét d§ do bang °K 0 >
-1 0 02 1 (E-Ep)

E- - Mirc Fermi (eV)

- E¢: mire nang lwong Fermi la mirc ning lwong 1om nhat con bi e- lap
day tai nhiét d¢ T=0°K

GIANG VIEN: ThS. TRAN THUY HA
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- Phan tich ham Fermi-Dirac:

1
f E — A
(E) ( EE ) E
exp +1 .
KT Vung dan
T = 1000°K
T = 0°K T= 300°K
N __
E>E=>f(E)=0 |[E<E=>f(E)=1 c A
T > 0°K (T=300K; KT=26.10-3eV) Eg
E-E); !
E-E->>KT = f(E)~e S I
(E_EFy ............ X
E-E<<-KT=f(E)=x1-¢e KT 0 05 1 f(E)

1 E.[eV]- P4y ciia viing dan
T(Ee)= 2 VT E, [eV]- Dinh ctia vung héa tri
E-[eV]- Mirc ndng luwgng Fermi

GIANG VIEN: ThS. TRAN THUY HA
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Nhén xét ham phan b6 Fermi-Dirac:

- Tai 0K, f(E) = 1 khi E < E; . Nhu vay tat ca cac muc nang luong thap hon
= déu bi dién tir chiém dong va tat ca c4c mirc ning luong cao hon E. déu
trong rong.

- XA&c suét cac ving chiém déng khi T > 0K déu ludn bang 1/2 tai E = E.,
khong phu thudc vao nhiét do.

- Ham f(E) doi xtng qua diém F, do do, xac suat dién tir chiém dong & murc
ning lugng E. + AE bing Xac suat cic mtc ning luong ma dién tir khong
chiém dong ¢ muc E--AE.

- Xa4c suat muc ning luong khong bi dién tir chiém dong sé la:
1

E-E
e Fl+1
Xp[ KT j
- Trong chat ban déin, xac sudt mic ning lwgng E [eV] bi dién tir dién
day ciing tuan theo ham phéan bo Fermi-Dirac.

GIANG VIEN: ThS. TRAN THUY HA
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Nong d6 hat tai dién trong chat ban dan
- Tinh nong a6 dién tir tw do trong ving dan n:

+ Nong d06 hat dan dién tir tv do nam trong mtrc ning luong tir E dén E+dE
trong dai dan 13 dn [s0 dién ti/m3]: dn=2.N(E).f(E).dE
+ N(E) - 1a mat dd trang thai trong dai dan (s6 luong trang thai/ eV/ m3).

N(E): y_(E_EC)l/Z 721—73[(2mn)3/2-(qn)3/2

n= j 2.N(E).f(E).dE = j 2.7(E—Eq )1’2.e(EF_E%<TdE
Ec Ec

3/2
(Ef —E¢) N =2 27m KT
n = NCe /(T C (

~

Mit do trang thai hiéu dung trong viing dian
m, — Khéi lwgng hiéu dung ciia dién tir tw do
K[J/°K] — Hang s6 Boltzmann, h — hang so Plank , T [°K]

GIANG VIEN: ThS. TRAN THUY HA
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- Tinh nong d¢ 16 trong trong ving héa tri p:

+ Nong do hat dan 153 trong nam trong muc ning luong tir E dén E+dE trong
dai hoa tri 1a dp [s6 10 trong/m3]:
dp=2.N(E).(1-f(E)).dE
+ N(E) - 1a mat d¢ trang thai trong dai hoa tri (s6 luong trang thai/ eV/ m3).

NE)=7(E, -B" 7= amy" )"

Ey E, p (EE)
D= IZ.N(E).(l— f (E)).dE = jz.y.(EV ~Ef?e /KdE
0 0

E.,—E 27m KT 32
N, .e( e M :2{ : j

7

Mat do trang thai hi¢u dung trong vung hoa tri

p:

m, — Khéi lwong hiéu dung ciia 16 trong
K[J/°K] - Hz:ing s0 Boltzman, h — hé"lng s0 Plank , T [°K]
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_Ec-Ey

Xét tich: n.p = NCNV e KT — NCNV .e—EG/KT
3
np= ni2 — pi2 — AT3 e Ee/KT A:4.(2ﬂ.kj .(mn.mp)s/z _

h2
T 5 m
Voiban dan thuan |n. = p, = E_. = Ec ; E, +%kT In—~
I mn

m, m, la khoi lugng hiéu dung cua hat tai dién 10 tréng va dién tir tu do,
Chu,ng phu thudc vao cau truc dai ‘nang luong. ’ . _E.+E,
-Néu m = m, thi mirc Fermi E¢; nam gitra vung cam. i

! 2
-Néu my=m, mirc Fermi chi nam gitra ving cam khi T=0°K

Nong do hat tai dién trong chat ban dan thuan & nhiét do phong rat nho, nén
chat ban dan thuan c6 kha nang dan dién kem. CEJoKT
— G
n. =/N.N, e

GIANG VIEN: ThS. TRAN THUY HA
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é)'_T 1.6.4.4. Chit ban din tap

- Chat bé,n c\l?m ma mot s6 nguyér) tr & nlt cua mang tinhNthé cua no dugc
thay the bang nguyén tir cia chat khac goi la chat ban dan tap.

- C0 hai loai chat ban dan tap:
+ Chat ban dan tap loai N — goi tat 1a Ban dan loai N (Donors)
+ Chat ban dan tap loai P — goi tat 14 Ban dan loai P (Acceptors)

Donors: P, As, Sb Acceptors: B, Al, Ga, In

Phosphorus
acorm

» b

bond .

Mormal ’ Iy ] ,
bm-,x*‘ Normal g

™ Extra

unbound
aelectron

www.ptit.edu.vn _ GIANG VIEN: ThS. TRAN THUY HA
BO MON: KY THUAT PIEN TU- KHOAKTDT1



LT at ban dan tap .

a. Chat ban dén loai N (chat ban dan tap loai cho)

- Thém mot it tap chat 12 nguyén t6 thudc nhom 5, thi du As, P, Sb... vao
chat ban dan thuan Ge hoic Si. Trong ndt mang nguyén tir tap chat sé
dua 4 dién ttr trong 5 dién tir hda tri ctia N6 tham gia vao lién két cong
hoa tri voi 4 nguyén tir Ge (hoac Si) & bén canh; con dién tir thr 5 s€ thira
ra va lién két ctia n6 trong mang tinh thé 14 rat yéu, ¢ nhiét d6 phong
cling dé dang tach ra trd thanh hat tai dién - dién tir tu do trong tinh thé
va nguyeén tir tap chat cho dién tir tré thanh céc ion duong co dinh.

. e ‘o ‘e; E 4 .

5i 2 . e ) |
L@ R TN RO Vingdin |

ol ey ¥ i 0,01eV
SO HC Y e 17 -

® o o P Mirc cho I T

Sy 2 Sic e L) Eo

. .. o 0 Y

® ‘e ) Vung hoa tri R
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- Nong do dién tu tu do trong chat ban dan loai N ting nhanh, nén
toc do tai hop tang nhanh, do d6 nong do 16 trong giam xudng
nhé hon nong do ¢ thé co trong ban dan thuan.

- Trong chat ban dan loai N, nong do hat dan dién tir (n ) nhiéu
hon nhiéu nong d6 16 trong p,, va dién tir dugc goi la hat dan da
50, 10 trong duoc goi 14 hat dan thiéu so.

nn >2 pn
N, =Ng+p= Ny
N4— Nong d6 ion nguyén tir tap chat cho (Donor)

GIANG VIEN: ThS. TRAN THUY HA
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b. Chat ban din loai P (chat ban din tap loai nhin)

- Thém mot it tap chat 1a nguyén t6 thudc nhom 3, thi du In, Bo, Ga... vao chat
ban dan thuan Ge hodc Si. Trong nUt mang nguyén tir tap chat chi c6 3 dién
tr hoa tri dua ra tao lién két cong hoa tri véi 3 nguyén tir Ge (hodc Si) & bén
canh, mdi lién két thr 4 dé tréng va tao thanh mot 16 trong. Pién tir ciia moi
lién két gan d6 c6 thé nhay sang dé hoan chinh méi lién két thir 4 con dé
trong d6. Nguyén tir tap chat vira nhan thém dién tir s& tré thanh ion am va
nguoc lai & nguyén tir Ge/Si vira c6 1 dién tir chuyén di s& tao ra mot 16 trong
va nguyen tir nay sé trd thanh ion duong c6 dinh.

:S'Q ..... CD ..... !Q
:S'ch- J’@ﬁ'@
:SQb 5‘@ ’@

E 4

A

Vung din

Ec

N

E

=

Mike nh@hio,mev

Ey

Vung hoa tri

B
»
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- Nong d6 16 trong trong chat ban dan loai P tang nhanh, nén toc do
tai hop tang nhanh, do d6 nong d¢ 16 dién ti tu do giam xudng
nhé hon nong do co thé co trong ban dan thuan.

- Trong chat ban dan loai P, nong d6 hat dan 16 trong (P,) nhiéu
hon nhleu noéng do dién tir tu do n, va 16 trong duoc goi |a hat
dan da so, dién tir tu do duoc goi 12 hat dan thiéu sb.

By == Ny
pp:Na-I-npz Na
N,— Nong d¢ 1on nguyén tu tap chat nhan (Acceptor)

GIANG VIEN: ThS. TRAN THUY HA
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Nong do hat tai dién trong ban din tap

Tong quat trong chat ban dan ta c6: (Dinh luit “mass-action”)
n. p — ni2 — pi2 _ A.TS.G_EG/KT _ 3’9-'- 3/2€—EG/2KT [Cm_3]

C . n? n?
- Trong chat ban dan loai N:  |p =1 = i
" n, N,
- Trong chat ban dan loai P: n> n?
n,=—=—-

p
P, N,

GIANG VIEN: ThS. TRAN THUY HA
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- Trong thuc té Silicon thuong dugc pha tap ca chat Donor va Acceptor.
Gia sir nong do pha tap twong ung 1a Ny, N, .

- Dé tao thanh ban dan N thi N;>N,, Dién tir cho ctia nguyén tir Donor s&
ion hda tat ca cac nguyén tir Acceptor dé hoan thanh lién két con thiéu
dién tir, nong d6 nguyén tir Donor tao ra dién tir ty do 1a: Ng-N,, qué
trinh nhu vy goi 1a qua trinh bu “Compensation”. Dién tich trong chat
ban dan N trung hoa nén: Ni- N, +p-n =0.

2

— |O=n—(Nd—Na)='%i — nz—(Nd—Na).n—n?:O

2
—_— n:(Nd_Na)+(Nd_Na) 1+ 4ni .
2 2 (Nd_Na)

- Néu N;>>N, nén N-N_>>n. thi co thé tinh gan dung nong do cac loai
hat ta1 di€n nhu nhu sau: 2
n=N,;—N, p = :

GIANG VIEN: ThS. TRAN THUY HA
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- Tuong tu dé tao thanh ban dan P thi N.>N,, trong ban dan ciing
x4y ra qud trinh bu, tinh todn twong tu ta ¢d nong do 10 trong
trong truong hop nay duogce tinh nhu sau:

(Na_Nd)+(Na_Nd)\/l+( 4n;

2 2 N, =Ny )

- Néu N_>>N,nén N,-N>>n. thi ¢6 thé tinh gan dung nong do céac
loai1 hat ta1 dién nhu nhu sau:

p=N,—N, n= :

GIANG VIEN: ThS. TRAN THUY HA
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Mirc Fermi trong chat ban dén tap
- Mirc Fermi trong chat ban dan N (N4 cang ting mirc Fermi cang tién gan
té1 day cua dai dan):

(Er—Ec)
nn:NC.e F C/(T:Nd—p EF:EC_KTIn&

N,

-rincreases
E -E, shifted
towards E

C.B. -p decreases

‘\
_______ EC \"*.._\4-——'}?}”?

L e = o
EF EF E" '\; n=p=n;
TY I XX LA ://

XX XX AVAN :
XX IXXXK =

00000 OCS 0 OTS l]:(E,)
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- Mtrc Fermi trong chat ban dan P (N, cang ting mic Fermi cang tién gan
xuong dinh cua dai hoa tri):

(Ey —E¢) B N,
p=N,e /<T:|\|a — EF—EV+KTInN—

a

-p increases
- E shifted
towards E,;

C.B.
-n decreases
E \ /H =pP =n;
EF _______ ‘h:-h)/p = 1.
—————— h: I
= Er Al

Fee eeoeecee I
X EXEEKX) "
eeoedee V) —
XXXXXRKY 0 05 17(&)
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- Muc Fecmi trong ban dan tap 1& mot ham cua nhiét d6 cho cac gia tri
nong do tap chat khac nhau (Vi du véi Si).

E.-E, (eV)
0.6
04F e N,=10*cm™
021
N el S
-0.217
04 ™~ N,=10*cm™
0.6 360 ' 700 ' 500
Temperature (K)
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Quan hé nong d¢ hat dan trong ban dan thuan va tap
-Gia st muc mirc Fermi ctiia ban dan thuan la Eg = Eg;

-Nong d6 hat dan trong ban dan thuan n.=p; :

n=n = Nce—(EC—EFi)/kT p=n = Nve—(EFi—EV)/kT
(E.—Eg;)/KT

e(EFi_Ev)/kT

- Nong hat dan trong chat ban dan tap la:

e(EF_EFi)/kT

(- —Ec) _
n=N..e %o — n=n,

(Ev _EFy
KT
N, .

p(Er—Er)/KT

P = p=n

GIANG VIEN: ThS. TRAN THUY HA
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“Dong dién trong chat ban dan
- DONng dién khuéch tan: Dong dién tao ra do su chuyén dong ngau nhién do nhiét ctia
cac hat tai dién (thong thuong gia tri trung binh =0, nén bo qua) va su khuéch tan cac
hat tai dién tir ving ¢ mat do cao sang vung c0 mat do thap hon:
n P
‘Jdiff(n) ZQ-Dn& 'Jdiff(p) :_Q-Dp&
- (Dp [m?/sec] - 1a h¢ s6 khuéch tan ctia 10 trong;
D, - Ia hé s khuéch tan ctia dién tu;
dP/dx, dn/dx gradient nong do 16 trong va dién tir ty do)

n P
Frn e F

X X
- Dong dién trdi (DoNng di¢n cuén): DONG chuyén dich ciia c4c hat tai dién do tac dong
cua dién truong E:

Jaritt =Jariffny + Jarieiy = ©-E = ANy, + puy).E

GIANG VIEN: ThS. TRAN THUY HA
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Dbng tong cong trong chat ban dan:

J = Jgriee  Jaige = JIn T Jp

dp
" dx
“Einstein Relation”: Do linh dong p va hé sd khuéch tan D duge xac
theo mo hinh vat ly dua trén co sé mot s6 lugng 16n hat tai chiu nhimng
chuyén dong nhiét ngau nhién véi sy va cham thuong xuyén, 2 hang so
nay ti 1¢ véi nhau theo “Einstein Relation” nhur sau:

D kT | Hing sé Boltzmann k =1,38.10-23 [J/°K]

dn
Jn = Jarirn) T Jain(n) = AN, E + 0D, " g J

o = Jarirt(p) + Jair(p) = APL,E — 0D,

1 g g [C] — dién tich hat tai, T [°K ]

Ap dung cong thic trén cho dién tir tu do va 16 trong trong chat ban dan

kT kT kT
D, =u,— Dp:/up— Vih = —
g q | —— q

9%,

GIANG VIEN: ThS. TRAN THUY HA
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P§ dan dién chat ban dan
- Do dan dién cua chat ban dan khi co ca 2 hat tai dién tham gia
o = q(nu, + pu,)
- V6i ban dan loai n, n>>p, do dan dién Ia:
on = Npp,  [(Q2m)7]
- Véi ban dan loai p, p>>n, d6 dan dién la:
6y = N, [(Q.m)]

+ Chat tap cang nhiéu thi dién trd suat cang giam, tuy nhién do linh dong
mpva py lai giam khi nong do chat ,pha tap ting, nhu vay co ché dan dién
trong vung pha tap manh tuong doi phitrc tap

- Nong do gidi han cac nguyén tir tap chat muon dua vao tinh thé ban dan
duoc quyét dinh bai gidi han hoa tan cua tap chat ay. Néu vuogt qua gidi
han nay thi hién tuong két tia sé xay ra, khi d6 tap chat s& khdng con
c6 céc tinh chat nhu mong muon nira.

GIANG VIEN: ThS. TRAN THUY HA
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Tong két ‘
- Chat ban dan thuan, khong thuan.
- Ham phan bo Fermi-Dirac, Mirc Fermi...

- Nong d6 hat tai trong-chat ban dan:

n. p = ni2 = pi2 p — nie(EFi—EF)/kT

n — ne(EF _EFi )/kT
I

- Nong do dién tir tw do va 16 trong trong chat ban dan c6 thé thay doi do:
Pha tap, Dién tir trrong, Nhiét do, Chiéu sang.

- Muc Fermi trong chat ban dan thay doi theo nong do pha tap

- Chat ban dan thuan c6 d6 dan dién nho, chat ban dan khong thuan do dan

dicn lon. o =q(n., +9.44)
dn dp
Jn =iy T dainm) = AN, E + 9D, ™ Jo = Janirpy + Jaire(p) = APH,E—0AD,, ™

KT kT kT
J:Jn_l_\]p Dn:ﬂn_ Dp:ﬂp_ Vth:_
q
GIANG VIEN: ThS. TRAN THUY HA
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Mt s6 hiang so
- Electronic charge, q = 1,6x101°C
- Permittivity of free space, &, = 8,854x10-4 F/cm
-Boltzmann constant, K = 8,62x10° eV/K,
k=1,38 x 102 J/K
- Planck constant, h = 4,14x101°> eVes
- Free electron mass, my=m, = 9.1x10-3! kg
- Thermal voltage V= kT/q = 26 mV (at T= 300°K)

Si Ge GaAs
m,/m,g 0.26 0.12 0.068
m,/mg 0.39 0.30 0.50
at T= 300 K Si Ge GaAs INAS
1, (Cm?/V-s) 1400 3900 8500 | 30000
1, (Cm?/V-s) 470 1900 400 500

IANG VIEN: ThS
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L at ban dan tap .

Truwong tinh dién trong chat ban din & PK cin bang nhiét

- Xac dinh m6i quan hé giira dién truong, dién thé tinh dién, va
mat do dién tich trong cac cau tric ban dan.

- Quan h¢ giita dién thé va nong d6 hat tai dién trong diéu kién can
bang nhiét

GIANG VIEN: ThS. TRAN THUY HA
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Chét ban dan nong d¢ pha tap khong dong déu

- Xét chat ban dan n c6 nong d¢ pha tap dong déu
Ng

+ Hat tai dién da s6 la dién ti, c6 rat it 10 trong, nong d6 dién tir dong déu
khong phu thudc vao vi tri X: n;=N,
+ Mat do dién tich trong chat ban dan n: p [C/cm3]
P= Py~ P= d-Ng—g.ng
p = 0. (Ng-ng)=0
+ Nhu vy khong hinh ‘thanh‘céc vlng tich dién khong gian trong ban dan
c6 nong do pha tap dong deéu.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




at ban dan tap .

- Xét chat ban din n-Si c6 nong dd pha tap khong dong déu

Ng

Ng(x)

X

+ Nong dé dién nr trong ban dan xac dinh nhw thé ndo ¢ diéu kién can
bang nhiét?

- Ban dau méi hinh thanh do ¢6 su chénh Iéch vé nong do hat tai dién
nén co dong khuech tan, sau d6 chat ban dan dat diéu kién can bang
nhiét va phan bo nong do dién tir trong truong hop nay no(x);éNd(X)
nhu vy trong chat ban dan s€ tao ra nhirng vung tich dién, vi vay tao ra
truong tinh dién bén trong chat ban dan.

- O diéu kién cn bang nhiét: J, = 0 va J,=0¢6 bat ky vi tri X ndo

? Jo(X) = ‘]‘drift(n)(x) + Jitey (X) = 0
- Vay ny(X)=? dé théa man dicu kién trén?

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




LT at ban dan tap .

- Dign trwong trong chdt ban déan ?
+ Phuong trinh Gauss: [dE _ o | Trong d6: .- hé sd dién mdi tuyét doi.

dx &

S
+ Dién truong trong chat ban dan no,Nd
duoc xac dinh:

€s 0 P
- Di¢n thé tinh di¢n Hx) ? N
Y __E
dx £

—  $(x)—¢(0)= —f E(x)dx \/ h

Dé,t (I)(O): (I)ref

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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\(Tr?ﬂ GIANG MON :
h r V.3
A at ban dan tap .

- Xac dinh ny(x), p(x), E(x), va ¢(x) ? no, Nd »
. 80
- Xuat phat tur cac PT:

‘Jn :an/unE_I_an%:O X
X "1
d i
_¢:_E \—/ x
dx
d¢ D,dn, D dlinn, -]
> = =

1 '}.'-'{
dx wx n, u, dx 3 \_,/

R dE -d’0 p q

dx dx? s & (Nd _no) (2) 4:*‘/—
S S | et

- Thay (1) va (2) ta duoc > 5 S
dhnt_ 9 (h-n,) ()
dx &KT

GIANG VIEN: ThS. TRAN THUY HA
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ﬁl GIANG MON :
at ban dan tap .

(N O

Giai phuong trinh trén s& xac dinh dugc ny(X) va cac tham soé con lai.

- Tuy nhién khéng tim duoc cach giai chung cho hau hét cac trudng hop.
- Néu Ny(x) b’ién thién rat nho thi ny(x) ciing bién ’thién rat nho, do do
d?(Inny)/dx? rat nhoé nhu vay ny(X)= N4(X), khdng xuat hién cac vung dién
tinh khong gian, truong hop nay goi la can trung hoa.

Nd(x) -
/ No(X)= Ng(x)

"\
7

X

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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dx® &KT

No, Nd




L at ban dan tap .

Quan hé Boltzman(Quan hé giira ¢(x) va nong dd hat tai dién)

Theo PT (1) dé _ D, dinn, M3 D, kT - id_@ _ d(Inn,)
dx g, dx Hy, O T dx dx
Tich phan 2 vé ta co:
! | T
k—T(@ — Opef) = Inn, — Inny(ref) = In - ("r‘“{;f)
. ‘0
— Ny, =nelref )20 rep)/FT
Ma chirng minh duogc: ¢= ¢,¢ khi ny=n;,Vay ta co quan h¢ Boltzman:
| k?Tl No
/L O =—1In—
. 1 ET  p
re 1X A z. . —qao kT ."I _ 0

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



CHUONG 3.

LINH KIEN THU DPONG



ﬁl GIANG MON :

Dién tré (Resistor)

Tu dién (Capacitor)
Cudn cam (Inductor)
Bién ap (Transformer )

B w e

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é :)T BAI GIANG MON :
h °
L 0 (Resistors) .

1.1. Pinh nghia

1.2. Cé4c tham sb k¥ thuat dac trung cua dién tro
1.3. Ky hié¢u cua dién trd

1.4 Céch ghi va doc tham sé trén than dién tro

1.5. Pién trd cao tan va mach tuong duong
1.6. Phan loai

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é ﬂ BAI GIANG MON :
</ ghia

- Pién trd & phan ttr cO chitc ning ngin can dong dién trong mach

Mtrc dd ngin can dong dién dugc dic trung boi tri s6 dién tro R:

R=U/I
Don vi do: uQ2, mQ, Q, kQ, MQ, GQ2, TQ
Pi¢n tro c6 rat nhicu tmg dung nhu: dinh thién cho cac cau kién ban dan,
diéu khién hé¢ s6 khuyéch dai, c6 dinh hang so thoi gign, phoi hop tro
khang, phan ap, tao nhiét ... Tuy theo umg dung, yeu céu cu thé va dua
vao dac tinh cta cac loai dién tré dé lua chon thich hop

Két cau don gian cua mot dién tro thuong:

Mii chup va chan dién tro

- RN d

4 SN

Vo boc LOi Vat liéu can dién

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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r& GIANG MON :

ghia
Dinh luat Ohm
Dinh luat Ohm v(t) = i(t) R

i(t) R v(t)
0—'—’+ WW—e .
V(t) I(t)
Biéu thitc dinh luat Ohm theo dong dién

i(t) = v(t) G

Cong suat tiéu tan tic thoi trén dién tro:

Georg Ohm
(1789 — 1854)

p(t) = i(t)v(t) =i*(t)R _Vi(®)

R -
GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




am s0 ky thuat va dac tinh cua dién .

Tri s6 dién tré va dung sai

Hé sb nhiét cua dién tro
Cong suat tiéu tan danh dinh
Tap am cua dién tré

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é T\,,T) BAI GIANG MON :
] > N .
L én tré va dung sai .

- Tri s6 cua dién tro: (Resistance [Ohm]-Q) duoc tinh theo cong thic:

Trong do: R — LN
s

p - 1 dién trd suat cua vat liéu day din can dién
| - 14 chiéu dai day dan
S- 14 tiét dién ctia day dan
- Dung sai hay sai so (Resistor Tolerance): Bicu thi mic d chénh Igch ciia tri
sO thuc té cua dién trd SO voi tri so danh dinh va dugc tinh theo %.

Rt.t — Rd.d 100 [%]
Rd.d
+ Tuy theo dung sai phan chia dién tr¢ thanh 5 cap chinh xac:

Cap 005: c6 sai s6 + 0,5 %
Cap 01: cHsaisd+1 %
Cap |: c6 sai s6 £5 %
Cap IlI: c6 sai s6 + 10 %
Cap 111: c6 sai s6 + 20 %

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




éT* )T BAI GIANG MON :
b A ? oA 2
L iét cua dién tr¢ - TCR .

- TCR (temperature coefficient of resistance): biéu thi su thay
doi tri sO cua dién trd theo nhiét do, dugc tinh nhu sau:

1 AR |, 0 R
- - = — |AR=—TCRAT
TCR R.A_I_.lo [ppm/~C] 10°

- TCR la tri s0 bién doi twong doi tinh theo phan triéu cia dién tré
trén 1°C (viet tat la ppm/°C).

- Heé s6 nhiét cua dién trd ¢ thé Am hodc duong tuy loai vat li¢u:
+ Kim loai thuan thuong hé s6 nhiét duong.
+ Mot s6 hop kim nhu constantin, manganin c6 hé sb dién trd
nhiét 0

+ Carbon, than chi c¢6 hé s6 dién tré nhiét am

GIANG VIEN: ThS. TRAN THUY HA
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é ﬂ BAI GIANG MON :
(P a tiéu tin danh dinh cia dién tré (P, .

. A £, aia A
- Pt max !a cong suat dién cao N
nhat ma dién tré cO thé chiu | I
dung dugc trong diéu ki¢n binh ; L\ 7
thuong, lam viéc trong mot § |
N e - \ = ~ o ? I m
thoi gian dai khong bi hong. g E Saic opersing
U, ’
— 2 _ M max Ambi
I:)t.t.max o R'Imax o [\N] - _mlm _ _
R FIGURE 1.9 Typical derating curve for resistors.

- COng suat tiéu tan danh dinh tiéu chuan cho cac dién tré day quan
nam trong khoang tir 1W dén 10W hoac cao hon nhiéu. D€ toa nhiét
phat sinh ra, yéu cau di¢n tich bé mit cua dién tr¢ phai 16n, do vay,
cac dién tro cOng suat cao déu co kich thude 16m.

- Cac dién tro than la cac linh kién c0 cong suat tiéu tan danh dinh
thap, ndm trong khoang 0,125W; 0,25W; 0,5W; 1W va 2W.

GIANG VIEN: ThS. TRAN THUY HA
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BAI GIANG MON :
ua dién tro

‘ o]
- Tap am cua dién tré gom: ?‘E“::“ o0 5mA

+ Tap am nhiét (Thermal ) LA recveney e~ e 0200
noise): sinh ra do sg g = i |
chuyén dong cua cac hat ¥ aifl)mlusl
mang di¢n ben trong dién ¢ - N
trd do nhiét do - T Nake ]

-50 ~20 dB/decade N B 3o dR R o requencics

E s :\/ 4k.RT.Af <0 El%ﬂ En Tosoromoo  roscoo

Frequency (Heriz)

Envs = the Root-Mean-Square or RMS voltage level

k = Boltzmans constant (1.38-10-23)
T =temperature in Kelvin (Room temp =27 °C = 300 K)

R = resistance
Af = Circuit bandwidth in Hz (Af = f,-f))

GIANG VIEN: ThS. TRAN THUY HA
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é ﬂ BAI GIANG MON :
O/ ua dién tro

+ Tap am dong dién (Current Noise) : sinh do cac thay d6i bén
trong cua dién trd khi c6 dong dién chay qua né

ERMS :UDC']-ONI/ZO |Og[%j NI :20 IOg]_() li}noise

1 DC

- Trong do:

+ NI: Noise Index (Hé sb nhiéu).

+ Upe: dién ap khong doi dat trén 2 dau dién tro

+ U, e di€n ap tap am dong dién

+ f, —> f,: khoang tan so lam viéc cua dién trd
Mtrc tap am phu thudc chu ,yé'u vao loai vat li€u can diél}. Bot than
nén co mtrc tap am cao nhat. Mang kim loai va day quan cO mirc
tap am rat thap.

GIANG VIEN: ThS. TRAN THUY HA
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, BAI w
¢u cua dién tr¢ trén cac so do mach .

Dién tro thuwong

—{F W

Dién tro cong suat

025W o5w

1W 10 W

><_

2 watt (old style)

Bién tré

W = _‘-"“

2 watt (new style)

GIANG VIEN: ThS. TRAN THUY HA
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( /) BAI GIANG MON :
T i va doc tham so trén than dién tr

- Céch ghi trwe tiép: ghi day du cac tham sé chinh va don vi do trén than cua
dién tro, vi du: 220KQ 10%, 2W

- Céch ghi theo quy wée: cé rat nhidu cac quy udc khac nhau. Xét mot so
cach quy uéc théng dung:
+ Quy wée don gian: Khong ghi don vi Om, R (hoic E) = Q,

M = MQ, K= KQ
Vi du: 2M=2MQ, 0K47 =0,47KQ =470Q, 100K =100 KQ,
220E=220QQ, R47=0,47Q)

+ Quy wéce theo ma: Ma nay gém cac chir SO va mot chir cai dé chi % dung
sai. Trong cac chit so thi chir s6 cuoi cung chi s6 s6 0 can thém vao. Cac chir
cai chi % dung sai qui uéc gom: F=1%,G=2%,J=5%, K=10%, M =
20 %.

XYZ=XY *104Q

Vidu: 103F =10000Q +1% = 10K+ 1%
153G =15000 Q + 2% = 15 KQ = 2%
4703) =470000 Q2 +5% =470KQ + 5%

GIANG VIEN: ThS. TRAN THUY HA
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é ﬂ BAI GIANG MON :
\ i va doc tham so trén than dién tro

+ Quy wéc mau; Mau Gi4 tri
- Loai 4 vOng mau: Pen 0
1234 Nau 1
o | | | | Do 2
=>Vong 1,2 chi trj s6, Vong 3 chi s s6 T 3
khong thém vao, VVong 4: dung sai) 4
(Nau-den-do-Khong mau) = Luc 5
- Loai 5 vach mau: Lam 6
12345 Tim 7
o | | | | — Xam 8
. T SN . A Trz"lng 9
=>Vong 1,2,3 chi tr1 s6, Vong 4 chi s0 o
s6 khéng thém vao, Vong 5: dung sai) vang k_'m 0,1/5%
(Nau-den-den-d6-Khong mau) = Bach kim 0,001/10%
Khbéng mau - 120%

GIANG VIEN: ThS. TRAN THUY HA
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BAI GIANG MON :
i va doc tham so trén than dién tro

5.8 kLI 0%

4.7 MO 5%

YIOLET

WWHITE

SILVER
GOLD

& BAMD
RESISTOR

292 kO 0.25%
100 ppm™C

5 BAMD
RESISTOR

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-

=25 0. 1%




é i : BAI GIANG MON :
O/ ré cao tan va mach twong duong

- Khi 1am viéc & tan s6 cao dién cam va dién dung ky sinh la dang
ke, So do twong duong cua dién trd ¢ tan sO cao nhu sau:

R L

rﬁﬂ%

- Tan s6 lam viéc hiéu dung cua dién tré duge xac dinh sao cho sy
sai khac gitra tré6 khang tuong duong cua no so voi gia tri dién tro
danh dinh khong vuot qua dung sai.

- Pic tinh tan s cua dién tré phu thudc vao cau tric, vat liéu ché
tao... Kich thudc dién trd cang nho thi dic tinh tan s6 cang tot,
dién tré cao tan thuong co ty 1¢ kich thudc 1 tir 4:1 dén 10:1

GIANG VIEN: ThS. TRAN THUY HA
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é o BAI GIANG MON :
1 [J oA ?
T oai dién tr¢

+ Pién tré ¢ tri s6 co dinh

+ Pién tro c6 tri so thay doi

a. Pién tré ¢ dinh

- Thuong dugc phan loai theo vat liéu can dién

+ Pién tré than tong hop (than nén): cau trdc tir hon hop bot cacbon
(bot than chi) duoc dong thanh khudn, co kich thude nho va gia
thanh rat ré.

+ Pién trd than nhiét giai hodc than mang (mang than tinh thé).

+ Pién tré day quan

+ Pién trd mang hop kim, mang oxit kim loai hoic dién tré miéng.

+ Pién trd cermet (gom Kim loai).

- Ngoai ra con phan loai theo két cau dau noi dé phuc vu lap rap;
phéan loai theo loai vo boc dé dung & nhitng mdi truong khac nhau;
phan loai theo loai trng dung....

GIANG VIEN: ThS. TRAN THUY HA
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)

‘/T (] [V, ?
Tl 0al dlgn tro

b. Bién tré

- Dang kiém soat dong cong suat 16n dung day quan. Loai nay it gip
trong cac mach dién tro.

- Chiét ap. Cau tao cia bién trd S0 voi dién trd ¢6 dinh cha yéu la cé
thém mot két cau con chay gan véi mot truc xoay dé diéu chinh tri s6
dién tré. Con chay c0O két cau kiéu xoay (chiét 4p xoay) hoic theo kiéu
truot (chiét ap truot). Chiét 4p ¢ 3 dau ra, dau gilta Gmg vdi con trugt
con hai dau tmg véi hai dau cua dién tro.

/|

a. loai kiém soat dong . loai chiét ap

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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Ve &
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é o BAI GIANG MON :
i én tré diac biét

- Bién tré nhiét: Te(/:mixto )
A A A
_to—/ ¥ Tecmixto

- Pién tré Varixto: Iil

VDR

- Dién tré Mégom : 0 tri s dién tro tir 108 + 1025,

- Dién tr¢ cao ap: La dién tré chiu duge dién ap cao tir 5 KV dén 20
KV.

- Dién tré chudn: LA cac dién tré dung vat liéu day quan dic biét co do
on dinh cao.

- Mang dién tro. Mang dién trd la mét loai vi mach tich hop ¢o 2 hang
chan. M6t phuong phap ché tao la dung cong nghé mang mong, trong
d6 dung dich chat dan dién duoc lang dong trong mét hinh dang theo
yéu cau.

GIANG VIEN: ThS. TRAN THUY HA
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: BAI GIANG MON :
ua maot so loai dién tr¢

Pién tré day cudn chinh xac

- Sai s6 nho : 0,005%

- TCR= 3ppm/°C

- Pap tng tan so tot, tan s6 cong hudng cao, ding
nhiéu trong tmg dung tan s6 RF,

- Cong suat nho.

- Thuong duge ding trong cac thiét bi do DC do
chinh x&c cao, dién tré chuan cho c&c bd diéu chinh
dién &p, mach bién d6i DAC.

Chuan NIST (National Institute of Standards
and Technology)

- Sai s6 rat nho : 0,001%

- TCR= 3ppm/°C

- Pap tng tan so tot, tan s6 cong hudng cao, dung
nhiéu trong cac thiét bi do, kiém chuan.

GIANG VIEN: ThS. TRAN THUY HA
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/ ﬁl GIANG MON :
ua m@t SO loai dié::n tro

Dién tré day cuon cong suat 16n DPién tr¢ film cacbon
Ay 3'” carbon film epirallad
i //,"Q," il {rm‘,{‘-.", m“ " ‘ i & away to give value
t»_.," 'N//W‘?W((,(’;;////,;? "@: | \ endcap | [ insulating coating
S W/MWW(‘ '
v :Ajz-s.':‘. ‘- ‘ | : mgtal |Bad — fr—mm‘

S ”
_ El *_ — ceramic rod

Dién tré cau chi Dién tré la Kim loai  Dién tré film oxit kim loai

GIANG VIEN: ThS. TRAN THUY HA
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é o ’ BAI GIANG MON :
/ a mot so loai dién tré

Pién tré cau chi Dién tré la kimloai  Dién tré film oxit kim loai

Dién tré SMD
e Dién tré SMD (surface

mount devices) - Loai
linh kién gan trén bé
mat mach in, st dung
trong cong nghé¢ SMT
(Surface mount
technology) # (through-
hole technology ).

GIANG VIEN: ThS. TRAN THUY HA
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’ BAI GIANG MON :
a mot so loai dién tr¢

1 |
B ——.— —=—

Potentiometers, or  Carbon composition Carbon film Metal film High Power
“trimpots" A i (wire wound; ceramic)
’ifi{ii : S
t ¥1: = % .
Mp=p L +
Surface Mount Thermistor = = Jjas
urface Moun + |
Resistors (SMR) ?I _ S e
:i: varistor Light dependent
— Q> — 71— resistor (LDR)
GIANG VIEN: ThS. TRAN THUY HA
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http://upload.wikimedia.org/wikipedia/commons/8/87/PCB_variable_resistors.jpg
http://upload.wikimedia.org/wikipedia/commons/3/3b/NTC_bead.jpg
http://upload.wikimedia.org/wikipedia/commons/b/bd/Varistor_S14K385_photo.jpg

L r GIANG MOX :
a mot so loai dién tr¢

Mang dién tré Metal Film Metal film

——

Resistance:1lohm:;
Resistance
Tolerance:+/-1%;
Power Rating:25W,
Resistor Element
Material: Thick Film:

10N1R8Y

Cement Resistors

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




mw
ariable Resistors) .

GIANG VIEN: ThS. TRAN THUY HA
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r BAL w
L en (Capacitors) .
3.2.1. Pinh nghia

3.2.2. C4c tham sb k¥ thuat dac trung cua tu dién

3.2.3. Ky hiéu cua tu dién

3.2.4 Céch ghi va doc tham so trén tu dién

3.2.5. So d6 tuong duong

3.2.6. Phan loai

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é o BAI GIANG MON :
) »
L nghia .

-Tu dién la linh kién dung dé chtra dién tich. Mot tu dién ly tuéng cé dién
tich & ban cuc ti 1€ thuan voi hiéu dién thé dat trén no theo cong thirc:
Q =C.U [culong]

Ban cuc
-Dung luong cua tu dién C [F]
Chan tu
Qg5
U d Chét dién moi V6 boc
g - ha“}ng s6, dién mOI tuong d,Gi cua chat dién mol Charge
&y - hang so dién moi tuyét doi cua khong khi +Q -0
hay chan khong Plate ﬂl‘ej
. )
&y = W = 8,84.10_12
& Electric
S - dién tich hitu dung ctia ban cuc [m?] field E
d - khoang cach giira 2 ban cuc [m]
- Pon vi do C: F, uF, nF, pF ... Plate separation ¢

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-


http://upload.wikimedia.org/wikipedia/commons/b/b5/Capacitor.png

BAI GIANG MON :

g e g NI T

am s0 k¥ thuat dic trung cia tu dié

- Tri s6 dung luong va dung sai
- Dién ap lam viéc

- Heé s6 nhiét

- Dong dién ro

- Su phan cuc

THUAT PIEN TU-

negative
charge
connection

positive
charge |
connection

dielectric

metal plate]

aluminum

plastic
insulation

IANG VIEN: ThS. TRAN THUY HA



; BAI W
am s0 ky thuat dac trung cua tu di¢

+ Tri s6 dung lwgng (C)

+ Dung sai ciia tu dién: Day 1a tham s6 chi do chinh xac cua tri so
dung lugng thuc té So voi tri so danh dinh cta no. Dung sai cua

tu dién dugc tinh theo cong thirc : Cii =Cus 1009
+~2dd 100%

dd
+ Pién ap lam viéc: Pién 4p cuc dai co thé cung cap cho tu dién
hay con goi la "dién ap lam viéc mét chieu®, néu qua dién ap
nay 16p cach dién s€ bi danh thing va lam hong tu.

GIANG VIEN: ThS. TRAN THUY HA
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s am s0 ky thuat dac trung cua tu di¢ .

+ Hé s6 nhiét
Mc:)i,mcf)t loai tu dién chiu mdt anh huong ?V(’)’i khoang nhiét 3o do nha san
xuat Xac dinh. Khoang nhiét do tiéu chuan thuong tur:
-20°C dén +65°C; -40°C dén +65°C ; -55°C dén +125°C
- D¢ danh gid su thay doi cuia tri so dién dung khi nhigt do thay doi nguoi
ta dung hé so nhiét TCC va tinh theo cong thirc sau:

1 AC
TCC==-—"2.10° m/0C
C AT [op ]

- TCC thuong tinh bang don vi phan triéu trén 1°C (viét tat ppm/°C) va
n6 danh gia su thay doi cuc dai ctia tri sé dién dung theo nhiét do.

- Khi gi4 tri dién dung thay doi nhiéu theo nhiét do, ngudi ta ding gidi
han cuc dai thay doi gid tri dién dung trén khoang nhiét do lam viéc va
tinh bang %: L AC _ AT*TCC

C 10°

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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s am s0 ky thuat dac trung cua tu di¢ .

d. Dong dién ro

- Do chat cach dién dit gitta 2 ban cuc khong Iy tuong nén s& co
mot dong dién ro rat bé chay qua gitra 2 ban cuc cua tu dién. Tri sO
dong dién ro phu thudc vao dién tré cach dién cua chat dién moi.

- Pic trung cho dong dién ro co thé ding tham so dién trd cach dién
cua tu (co tri s6 khoang vai MQ va phu thudc nhiéu vao nhiét do)
neu tu 6 dong dién ro nho

- Tu dién mang Plastic cé dién tré cach dién cao hon 100000 MQ,
con tu dién dién giai thi dong dién ro co thé 1én t61 vai pA khi dién
ap dat vao 2 ban cuc cuia tu chi 10 Von.

- P6i voi dién ap xoay chiéu, ton hao cong suat trong tu dugc thé
hién qua hé s6 toén hao D: 1 p

th

Q I:Jp k

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




éﬂrh GIANG MON :
s am so0 ky thuat dac trung cua tu di¢ .

e. Su phan cuc

- C4c tu dién dién giai o cac chan tu thuong c6 danh dau cuc tinh
duong (dau +) hodc &m (dau -) goi la sy phan cuc cta tu dién.
Khi sir dung phai dau tu vao mach sao cho dung cuc tinh cia tu.
Nhu vay chi sir dung loai tu nay vao nhirng vi tri co dién ap lam
viéc khong thay doi cuc tinh.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



BAI GIANG MON :
i€u cua tu

= ' il ) 7H/'_
)
Tu thuong Tu dién giai Tu c6 dién dung thay doi
- 3
03
1 8 ;.el

SYMBOL 0.001 JLF 0.01 |LF 22 |LF 2.2 |LF
10%102x10°® 10x10%x10®

xS

Tu dién 16n thuong c6 tham s6 dién dung ghi truc tiép, tu
dién nho thuong dung ma: XYZ = XY * 104 pF

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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/i N\ [ J [ ] A A
L oc va ghi tri so trén tu

~ Hai tham so quan trong nhat thu0’ng du:Gc ghl tren than tu dign la tr1 so dién
dung (kém theo dung sai san xuat) va dién ap l1am viéc (dién &p 16n nhat). C6
2 cach ghi co ban:

- Ghi true tiép: cach ghi day du cac tham s6 va don vi do ctia chiing. Cach nay
chi dung cho cac loai tu dién c6 kich thudce 16m.

Vidu 1: Trén than mot tu mi ca co ghi: 5.000PF + 20% 600V

- Céch ghi gian tiép theo qui wére :

+ Ghi theo qui woc so: (Céch ghi nay thu:ong gdp ¢ cac ty Polystylen) Kleu gla
tri ghi bang s6 nguyen thi don vi twong g la pF, néu kiéu gia tri ghi bang so
thap phan thi don vi tuong tng la pF.

Vidu 2: Trén than tu c6 ghi 47/ 630: tirc gia tri dién dung la 47 pF, dién ap lam viéc
mot mét chidu 12 630 Vdc.

Vi du 3: Trén than tu ¢6 ghi 0.01/100: tirc la gia tri dién dung la 0,01 pF va dién ap
Jam vié viéc mot chiéu 12 100 Vdc.

+ Quy wde theo ma: (Giong nhu dién tré, Cac chit cai chi dung sai qui udc nhu
trang bén): XYZ = XY * 104 pF

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



) BAI GIANG MON :
oc va ghi tri so trén tu

Table 2 Letter tolerance code

Letter symbol Tolerance of capacitor
+- 0.10%
+-0.25%
+-0.5%
+-0.5%

+i- 1%

+i- 2%

+{- 3%

+i- 5%

+i- 10%

+{- 20%
+-0.05%
+100% -0%
+80%, -20%

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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r?u GIANG MON :
L oc va ghi tri s0 trén tu
+ Ghi theo quy woc mau:
- Loai c0 4 vach mau:
Hai vach dau 1 s6 c6 nghia thuc ctia n6
Vach thir ba 1a s6 nhan (don vi pF) hodc s6 s6 0 can thém vao

Vach thir tu chi dién ap lam viéc.

value in picofarads

- Loai ¢0 5 vach mau: 15t digit
. X X . . 2nd digit
Ba vach mau dau giong nhu loai 4 vach mau tolerance number of zeros
Vach mau tha tu chi % dung sali a.rl.ﬁf: ?iﬁ% maximum volts
\ , s 2 A Z \ . d=250
Vach mau thir 5 chi dién ap lam viéc ;'::Iluw=:ﬂﬂv
TCC_ T 1™\ 1
1—fo 2 3
219 3 2
3 | 4 4 ﬁ
4 5
! ;

Tu hinh dng Tu hinh keo Tu Tantan

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




éﬂ ) BAI GIANG MON :
<7 oc va ghi tri so trén tu .

- Vach mau chi TCC, don vi1 ppm/
0C:

Po tim: TCC =100

Vang: TCC =220

Pen: = 0
Xanhlacay: =330
Po: = 75
Xanh lam: =430
Cam: =150
Tim: =750

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



BAI GIANG MON :
oc va ghi tri so trén tu

+ Cach ghi bang cham mau, sir dung 3 hoic 6 cham mau, Ca 2 kiéu nay déu nhu
nhau nhung ki€u 6 cham mau nhiéu thong tin hon nhu: H¢ so nhiét, dung sai...

DIRECTION OF — g - 15T | 2HD TOLERANGE | cHARACTERISTIC
READING DOTS 1ST DIGIT 2ND DIGIT \ TITLE | GOLOR |DISIT |DIST | MULTIFLIER | [FERCEHT] R CLASS
TYPE l [ JAH, MICA| BLACK a a 1.0 + 20 AFFLIED T
_l' ERCWH | 1 10 TEMFERATURE
— — RED 2 2 100 + 2 COEFFICIENT
Y CRANGE | 3 c 1,000 + 3 R METHCOS
CHARACTE RISTIC TYELLOWY | El 10,000 o4 OF TESTING
OR CLASS ‘SREEH 5 5 1 00, 000 + 5
- TOLERAI'EE MULTIPLIIi/ BLUE & & 1,000,000 + g
YICLET T T 10,000,000 t 7
SRAYT = = 1 00,000, o o3
WHITE BROwWN RED Els, MICA | wWHITE 3 9 |4, 000,000,000 t 3
SOLD N
ME&EEE =ILVER .M t10
BCOY auy t 20

BLUE RED

= Tu Mica, dién dung 1200 pF, dung sa1 6%.

GIANG VIEN: ThS. TRAN THUY HA
THUAT PIEN TU-
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twong dwong cua tu

Rp R.
L Rs R C
o’ V'V C s o4 C Lo oI Jqr—o
| — —
a. So do twong duong b. So do twong duong . so do twong duong
tong quat song song noi ti€p

L - 1a dién cam cua dau noi, day dan (o tan so thap L = 0)

R, - la dién tr¢ cua dau ndi, day dan va ban cuc (Rq thuong rat nho)
R, - la dién tré ro cua chat cach dién va vo boc.

R,, R - ladién trd ro cua chat cach dién

C - la tu dién ly tudéng

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é o BAI GIANG MON :
A o oA
L oai tu di¢n

- Tu dién cO tri s6 dién dung cb dinh

- Tu dién cO tri s6 dién dung thay doi duoc.

a. Tu dién c0 tri s6 dién dung co dinh:

+ Ty gidy: c}}ét dién moi 1a gidy, thuong C('),tri s6 dién dung khoang tur
500 pF dén 50 pF va dién ap lam viéc dén 600 Vdc. Tu giay c0 gia
thanh ré nhat so véi cac loai tu ¢ cung tri so dién dung.

Uu diém: kich thudc nho, dién dung 16n.

Nhuoc diém: Ton hao dién mdi 16n, TCC 16n.

+ Tu mang chat déo: chat dién modi la chat déo, cO dién tro cach dién
16n hon 9100000 MQ. Dién ap Iérp vigc cao khoang 600V. Dung sal
tiéu chuan cua tu la + 2,5%; hé s6 nhiét ttir 60 dén 150 ppm/°C

Ty mang chat déo nh6 hon tu giay nhung dat hon. Gid tri di¢n dung
cua tu tiéu chuan nam trong khoang tir 5 pF dén 0,47 pF.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é o BAI GIANG MON :
7] o oA
L oai tu di¢n

+ Ty mi ca: chat dign mdi la mi ca, tu mi ca tiéu chuan c6 gid tri di¢n dung khoang
tir 1 pF dén 0,1 uF va dién ap lam viéc cao dén 3500V tuy.
Nhuoc diém: gia thanh cua tu cao.
Uu diém:Tbn hao dién méi nhd, Pién tré cach dién rat cao, chiu duogc nhiét do cao.
+ Tu gom: qhét dién moi la g6~m. Méng kim loai duoc léng dong trén mdi mit cua
mot d?a gom mong va day dan nodi tdi mang kim loai. Tat ca duoc boc trong mot
vO chat déo.
Gia tri dién dupg cua ty gdm tiéu chuan khoang tir 1 pF dén 0,1 uF, véi dién &p 1am
viéc mot chiéu den 1000 Vdc
bac ?diém ctia tu gom 14 kich thude nho, dién dung 16n, co tinh 6n dinh rat tbt, co
thé lam viéc lau dai ma khong lao hoa.
+ Tu dau: chat dién moi la dau
Tu dau ¢ dién dung 16n, chiu dugc dién &p cao
C6 tinh nang cich dién tbt, ¢6 thé ché tao thanh tu cao ap.
Két cau don gian, dé san xuat.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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h . °* A
T oai tu dién

+ Tu dién gigi nhdm: Cau tric co ban la giong tu gidy. Hai 14 nhém
mong 1am hai ban cuc dit cach nhau bang 16p vai mong dugc tam chat
dién phan (dung dich dién phan), sau d6 duogc quan lai va cho vao trong
mot khoi tru bang nhdm dé bao vé.

Céac tu dién giai nhdom thong dung thuong lam viéc vai dién ap mot
chiéu 16n hon 400 Vdc, trong truong hop ndy, dién dung khdng qué
100 pF. bién ap lam viéc thap va dong ro twong doi 16n

+ Ty tantan: (chat dién giai Tantan) Pay 14 mot loai tu dién giai, Bot
tantan dugc cO dic thanh dang hinh try, sau d6 dugc nhan chim vao
mot hop chtra chat dién phan. Dung dich dién phan s& thAm vao chat
tantan. Khi dit mot dién 4p mot chiéu 18n hai chan tu thi mot 16p oxit
mong dugc tao thanh & ving tiép xdc ctia chat dién phan va tantan.
Tu tantan c6 dién ap 1am viéc 1én dén 630 Vdc nhung gia tri dién dung
chi khoang 3,5 uF.

GIANG VIEN: ThS. TRAN THUY HA
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é o BAI GIANG MON :
] . °* A
L oai tu di¢n

b. Tu dign c6 tri sé dign dung thay doi

+ Loqi da dung con goi 1 tu xoay: Tu xoay dugc ding lam tu diéu chinh
thu séng trong c4c may thu thanh, v.v.. Tu xoay c6 thé c6 1 ngin hoic
nhiéu ngin. Mdi ngin cd c4c 14 dong xen k&, d6i nhau véi c4c 14 tinh
(14 giit c¢6 dinh) ché tao tir nhdm. Chat dién méi c6 thé 1a khong khi, mi
ca, mang chat déo, gom, V.V..

+ Tu Vi diéu chinh (thuwong goi tat 1a Trimcap), c6 nhiéu kiéu. Chat dién
moi cling dUng nhiéu loai nhu khdng khi, mang chat déo, thuy tinh hinh
ong... Trong cac loai Trimcap chuyén ding, thuong gip nhat la loai
chat dién moi gom. Pé thay doi tri s6 dién dung ta thay doi vi tri gitra
hai 14 dong va l4 tinh. Khoang diéu chinh cua tu tir 1,5 pF dén 3 pF,
hogc tir 7 pF dén 45 pF va tir 20 pF dén 120 pF tuy theo h¢ so nhigt can
thiét.

GIANG VIEN: ThS. TRAN THUY HA
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é o BAI GIANG MON :
A
_‘/._ l.lllg

+ Ty khdng cho dong dién mot chiéu qua nhung lai dan dong dién xoay
chiéu, nén tu thuong dung dé cho qua tin hiéu xoay chiéu dong thoi van
ngin cach duoc dong mot chiéu gitta mach nay vai mach khac, goi 1a tu
lien lac.

+ Tu dung dé triét bo tin hiéu khong can thiét tr mot diém trén mach
xudng dat (vi du nhu tap &m), goi | tu thoat.

+ Tu dung lam phan tr dung khang trong cac mach cong hudng LC goi la
tu cong huwdong.

+ Tu dung trong mach loc goi la tu loc. Tu dung trong cac mach chia dai
tan lam viéc, tu cong hudng v.v..Tu ding cho muc dich ndy thuéc nhém
chinh xac.

+ Cé&c tu trong nhom da dung dung dé lién lac, loc nguon dién, thoat tin
hiéu ... ngoai ra tu con dung dé trit nang luong, dinh thoi...

+ Do ¢6 tinh nap dién va phong dién, tu ding dé tao mach dinh gio, mach
phat song rang cwa, mach vi phan va tich phan.

GIANG VIEN: ThS. TRAN THUY HA
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O/ anh cua Tu dién

Tu hoa (Electrolytic Capacitors)

.
|

' ’ ||‘|
n | "

Ll a L

Tu Tantan (Tantalum Capacitors)

e = — - 3 —he g ez S i

: Hp Jauwm hobhw-elec,orng)

i 7 LU LS 3 i i I
 ——————————————
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anh cua Tu dién

Tu gom ( Ceramic Capacitors) Tu gom nhiéu tang (Multilayer
Ceramic Capacitors )

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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anh cia Tu dién

Il

Capacitors: SDM ceramic
at top left; SMD tantalum
at bottom left; through-
hole tantalum at top right;
through-hole electrolytic
at bottom right. Major
scale divisions are cm.

Surface mount technology (SMT)

IANG VIEN: ThS

.TRAN THUY HA
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BAI GIANG MON :
anh cua Tu dién

—

-—®

\\
tantalum -
. Polypropylene Polyester High
Capacitor Capacitor capacitor \oltage/power
Capacitors

Multilayer Chip

Ceramic Capacitor Motor Running & Variable
Start Capacitors Capacitor

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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Bmw
Tl am (Inductor) .

3.3.1. Binh nghia

3.3.2 Ky hiéu cua cudn day.

3.3.3 Cac tham so k¥ thuat dic trung ctia cudn day
3.3.4 Cach ghi va doc tham sé trén cudn day
3.3.5. Mach tuong duong

3.3.6. Phan loai

GIANG VIEN: ThS. TRAN THUY HA
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ghia

- Cu0n cam la phan tir sinh ra hién tuong tu cam khi dong dién
chay qua no bién thién. Khi dong dién qua cudn cam bién thién sé
tao ra tir thong thay doi va mot stc dién tir duoc cam (g ngay
trong cudon cam hoac co thé cam rng mot strc dién tr Sang cudn
cam ké can vai no.

-Mtrc dd cam tmg trong moi truong hop phu thudc vao do tu
cam cua cudn cam hodc sy ho cam gitra hai cudén cam. Cac cudn
cam duoc cau truc dé co gia tri do cam ung xXac dinh.

- Cudn cam ciing ¢O thé dau noi tiép hodc song song. Ngay ca
mot doan day dan ngan nhat cling €O sy cam Ung.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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€u cua cudn cam

L L L

Cudn day 15i Ferit Cudn day 1061 sat tur Cuon day 161 khong khi

' r

‘F. NI\ LS e
| f’#lam\\\ﬁ,, o

t\{ ! ! )/,’

~
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L am s0 ky thuat dac trung cua cugn ¢ .

- Do tw cam (L)
- Hé s6 pham chat ciia cudn cam (Q)

- Tan s0 lam viéc gi¢i han (f )

GIANG VIEN: ThS. TRAN THUY HA
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L am s0 ky thuat dac trung cua cugn ¢ .

a. Do tw cam (L) L:ﬂ_NZ_i
I

Trong do: S - la tiét dién cuia cudn day (m2)
N - 14 s6 vong day
| - Ifl chiéu daI, cua cudn day (~rT1) - \l -
i - do tir tham tuyét doi cua vat liéu 101 (H/ m)
M= Uy Hg

- Pon vido: ...uH, mH, H...

- Do tu tham tuyét do1 cua mot so loai vat ligu

Chéan khong: 4n x 107 H/m Ferrite T38 1.26x102 H/m
Khdng khi: 1.257x10° H/m Ferrite U M33 9.42x104 H/m
Nickel 7.54x10%H/m Iron 6.28x10-3 H/m

Silicon GO steel 5.03x10% H/m supermalloy 1.26 H/m

GIANG VIEN: ThS. TRAN THUY HA
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L am s0 ky thuat dac trung cua cugn ¢ .

b. Hé s6 pham chat ciia cudn cam (Q)
- Dung sai ciia do tw cam: Pay 1a tham s6 chi d6 chinh x4c ctia do tur
cam thuc té so véi tri s6 danh dinh ctia nd. Dung sai duoc tinh theo
cong thuec :

Lt.t B I—d.d 100%

d.d

- Mot cudn cam |y tudng khong co ton hao khi c6 dong dién chay qua,
thuc teé ludn ton hao do6 la cong suat dién ton hao dé lam nong cudn day.
Ton hao nay duoc biéu thi boi mdt dién tré ton hao Rq.

- Pé danh gia chat luong cta cudn cam dung Hé s pham chat Q cua
cudn cam: (Cudn cam ton hao nho dung so do twong dwong noi ti€p,
cudn cam ton hao 1én dung so do twong duwong song séng.

L R. A
NV . o R o
Q = 1 = Ppk = XL :a)—L Q _ 1 — pk —
"D R Rs R ”—D_Rh_x

GIANG VIEN: ThS. TRAN THUY HA
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L am s0 ky thuat dac trung cua cugn ¢ .

c. Tan so lam vigc giéi han (f, )

- Khi tan so 1am viéc nho boé qua dién dung phan tan gitra cac vong day
ctia cudn cam, nhung khi 1am viéc ¢ tan s6 cao dién dung nay la dang
ke.

- Do d6 6 tan sé du cao cudn cam trg thanh mot mach cong hudéng song
song. Tan s6 cOng hudng ciia mach cong hudng song song nay goi 1a
tan s6 cOng hudng riéng cua cudn day f, .

- Néu cudn day lam viéc & tan s6 cao hon tan s6 cong hudng riéng nay
thi cuon day mang dung tinh nhiéu hon. Do d6 tan s6 lam viéc cao nhat
cua cudn day phai thap hon tan s6 cong hudng riéng cua no.

e vave'y
<f =1 = 1
om0 orJLC

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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p e 3 A LA A -
L ghi va doc tham so trén cuon cam .

- Ghi true tiép: cach ghi day du cac tham s6 do tu cam L, dung sai, loai
161 cuon cam... Cach nay chi dung cho cac loai cuon cam c0 kich thudc
16n.

- Céch ghi gian tiép theo qui wéc :

+ Ghi quy wdc theo mau: Dung cho cac cudn cam nho:

- Loai 4 vach mau

1234

[T

Vong mau 1: chi so ¢6 nghia thir nhat hoic cham thap phan
Vong mau 2: chi s6 ¢ nghia thir hai hoic cham thap phan
Vong mau 3: chi so 0 can thém vao, don vi do 1a uH

Vong mau 4: chi dung sai %.

GIANG VIEN: ThS. TRAN THUY HA
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ghi va doc tham so trén cufn cam .

Bang ma mau dung cho cac cugn cam

Mau Gia tri ctia cac sd Dung sai
Den 0 -
Nau 1 -
bo 2 -
Cam 3 -
Vang 4 -
Xanh la cay 5 -
Xanh lam 6 -
Tim 7 -
Xam 8 -
Tring 9 -
Bach kim - 10%
Vang kim Cham thap phan 5%
Khong vach mau - 20%

GIANG VIEN: ThS. TRAN THUY HA
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ghi va doc tham so0 trén cudn cam

INDUCTOR COLOR GUIDE
Result Is In pH

ma#.mumijz 270uH = 5%
i

COLOR [ 1st BAND [2nd BAND | MULTIPLIER | TOLERANCE
BLACK : _ + 20%

BROWN Military = 1%

RED Military = 2%
ORANGE 1,000 Military + 3%
YELLOW 10,000 Military = 4%

_Both =10%

I l I . 6.8pH = 10%
MILITARY CODE

Electronix Express/RSR 1-800-972-2225

http:/rvmw.elexp.com In NJ 732-381-8020
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Qn_T al va wng dung

- Dwa theo wng dung:

+ Cuon cong huwong — cudn cam dung trong cac mach cong huodng
LC.
+ Cuén loc — cudn cam dung trong cac bod loc mot chiéu.
+ Cuén chan ding dé ngan can dong cao tan, V.v..
- Dwa vao loai l0i ctia cugn cam:
+ Cudn day 16i khong khi: Loai cudn day khong 18i hodc cudn trén
cac cot khong tur tinh, thuong dung la cac cuon cong hudéng lam viée
& tao sO cao va Siéu cao. Cac yéu cau chinh cua cudn day khong 16i la:
- Pién cam phai 6n dinh & tan s6 lam viéc.
- Hé s6 pham chat cao & tan s6 1am viéc.
- Bién dung riéng nho.
- Hé s6 nhiét cta dién cam thép.
- Bén chic, kich thudc va gia thanh phai hop 1y.

GIANG VIEN: ThS. TRAN THUY HA
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. 0ai va irng dung

+ Cudn cam 18i sdt bui: DUNg bot sat nguyén chat tron véi chat dinh
két khong tir tinh 13 18i cudn cam, thuong ding ¢ tan sd cao va
trung tan. Cudn day 13i sat bui cO ton that thap, dic biét & ton that
do dong dién x0dy nguoc, va do tir tham thap hon nhiéu so véi
loai 18i sat tu.

+ Cudn cam 16i Ferit : thuong la cac cudn cam lam viéc o tan so

cao va trung tan. L8i Ferit ¢d nhiéu hinh dang khac nhau nhu:
thanh, ong, hinh chit E, chit C, hinh xuyén, hinh noi, hat dau,v.v..
Dung 18i hinh xuyén dé tao dién cam cao, tuy vay lai dé bi bdo
hoa tir khi c6 thanh phan mot chiéu.
+ Cudn cam 10i sat tr: LBi ctia cudn cam thuong hop chat sat -
silic, hodc sat- niken .... Pay la cic cudn cam lam viéc ¢ tan so
thap. DUng day dong da duoc trdng men cach dién quan thanh
nhiéu 16p c6 cach dién giira cac 16p va dugc tam chong am.
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BAI GIANG MON :
0 hinh anh cua cugn cam

less inductance more inductance

A core material with greater magnetic
permeability results in greater magnetic
field flux for any given amount of field

/ / force (amp-turns).

air core soft iron core
(permeability = 1) (permeability = 600)

Variable inductors: providingaway to  Fixed-value inductor: another Inductor (of greater inductance

vary the number of wire turns in use antique air-core unit built for value), also intended for radio
at any given time, or by varying the radios. The connection terminals applications. Its wire coil is
core material (a sliding core that can can be seen at the bottom, as well wound around a white ceramic
be moved in and out of the coil). as the few turns of relatively thick tube for greater rigidity
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BAI GIANG MON :

......

el
N N

SMD Wound Chi-p
Inductor

DC filter Spiral inductor with N=1.5

- choke turns, W=20 um, S=10 xm
Roller inductor for Inductor and R, =100 um
FM diplexer — (area=0.14 mm?).
mm (called On-chip inductor)
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BAI GIANG MON :
(Transformer)

3.4.1. Dinh nghia

3.4.2. C4c tham s6 k¥ thuat cua bién &p
3.4.3. Ky hiéu ctia bién ap

3.4.4. Phan loai va ing dung
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_‘/._ ghia

- Bién 4p la thiét bi gom hai hay nhiéu cudn day ghép hd cam véi nhau
de bién doi dién ap. Cudn day dau vao nguon dién goi la cudn so cap,
cac cudn day khac dau vao tai goi la cuon thir cap.

Normal Operation \

AC In Primary
AC
out Secondary

AN
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/i A <> .I{ r
\ oat dong cua bién ap ,

- Hoat dong dura theo nguyén ly [ MAGNETIC CORE
2 4 A ? r———————-ﬁ!lﬁ ————————— 1
cam ung dién tr. L —_— _
- Hé s6 tu cam clia cudn so cap, R i : f’ﬂ, i |
o OR RN N e e Rns w2 z]
thur cap: | 1 P | 5
S S 2 | sgi N
2 2 - i S— S vt
L, =N, N L, = 1N, T S PR ;

- Khi dong dién 1, bién thién tao ra tir thong bién thién, tr thdng nay lién
két sang cudn so cap va tao ra dién ap cam tng e_ trén cudn thir cap
theo hé so ti 1¢ goi 1a hé so6 hd cam M. Luong tir thong lién két gitra
cudn so cap sang cudn thir cap duoc danh gia bang hé so6 ghép bién ap
K. e AD,.N O

M = L H :—2 2 . = = —
NI H] ¢ S A0, = KA, =K AN,
— M =K.N,N S—K L, — K= M
= NN NG WAL T LL, \/E
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éﬂ ; BAI GIANG MON :
O/ am s0 ky thuat cua bién ap

- Hé s6 ghép bién &p K
- Pién 4p cudn so cap va cudn thir cap
- Dong dién so cép va dong dién thir cép

- Hiéu suat cua bién ap
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éﬂ ; BAI GIANG MON :
O/ am s0 ky thuat cua bién ap

a. Hé s6 ghép bién ap K

M - hé s6 hd cam ctia bién ap
L,val,-h¢ sO tu cam cua cudn so cap va cudn thr cap tuong
ung.
- Khi K =1 la truong hop ghép Iy tuong, khi do toan bg so tu
thong sinh ra do cudn so cap duoc di qua cudn thir cap va nguogc
lai.

- Trén thuc té st dung, khi K =~ 1 goi 12 hai cudn ghép chat
khi K<<1 goi la hai cudn ghép long
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' am sO ky thuat cua bien ap

b. Pi€én ap cudn so' cap va cudn thir cap

[~ MAGNETIC CORE
S - P
It

+ i . i

%;L mﬁ
e

|
[ =
I

|l Ll T T Sy —————

iy

e =T T =

= |
N2 TURNS T
+ 12

- Pién &p cam Ung & cudn so cap va thtr cap quan hé véi nhau theo ti so:
U, _ N, - N,
Ul Nl Nl

+ el

o i ——— e

N N A4 A s
- —% Hé sb bién ap
Nl

+N; =N, thi U =U, tacObiéndpl:1
+N, >N, thi U,>U, taco bién ap ting ap
+N, <N, thi U,<U, tacobién ap ha ap
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( BAI GIANG MON :
T am so0 ky thuit ciia bién ap

c. Dong dién so cap va dong dién thw cap
- Quan hé giira dong dién & cudn so cap va cudn thr cap theo ti so:

LU, N, N,

h_ VMo N2
I,

U, N, N,

d. Hiéu suat ciia bién ap N,
- Cac blen ap thuc té déu co ton that, do do dé danh gla chat luong dung

thong sO hiéu suat ctia bién 4p. Hiéu suat cua bién ap 1a ti so gitta cong
suat ra va cong suat vao tinh theo %:

n=2.100%=—2 __ 100%
Py P, + Fon tat
Trong do P, - cOng suat dwa Vao cudn so cap

P, - cong suat thu dugc & cudn thi cap

, P s - CONg suat dién mat mat do ton that ctia I5i va ton tht clia
day cuon.

- Muén giam ton hao ning lu’cmg trong 101 sat tur, day dong va tir thong ro
nguoi ta dung loai 16i lam tir cac la sat tir mong, €O quét son cach dién,

dung day dong cd tiét dién 1on va ghép chat.
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¢u cua bien ap

oﬁ oﬁ
< < St
SlE 3 3
o—/ o—— o——~< o
Bién 4p am tan b. Bién ap nguodn 15i sat va bién ap tu ngau
0 ~ 0 o—— i
3¢ 3] §
> o
o— o o /i
c. Bién 4p cao tan khong 16i d. Bién ap 16i Ferit

T

L3¢ 2307

e. Bién 4p trung tan
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é o BAI GIANG MON :
O/ 0ai va irng dung

- Ung dung dé bién doi dién ap xoay chiéu.

- Dlng dé CéCh’Iy gitra mach cac mach dién, ding loai bién &p c6 hai
cudn day so cap va thar cap cach dién véi nhau.

- Bién doi bién doi tong trd, ding bién ap ghép chat

- Bién 4p cao tan dung dé truyén tin hiéu cd chon loc, dung loai ghép
long.

- Tuy theo g dung cu thé ma bién ap cd nhitng yéu cau khac nhau va
thuong dugc phan loai theo trng dung:

+ Bién ap cong hwéng : Pay 1a bién ap trung tan hoic cao tan co 16i
khong khi hodc sat bui hoic ferit, ghép long va c6 mot tu dién mac &
cudn so cap hodc cudn thi cap dé tao cong hudong don. Thong thuong
tan s6 cong hudng duoc thay doi bang cach diéu chinh vi tri cua I6i. ..
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é ﬂ BAI GIANG MON :
. oai va rng dung

+ Bién &p cdp dién (bién ap nguon) La bién ap lam viec voi tan s6 50
Hz, 60 Hz. Bién 4p nguon c6 nhiém vu la bién doi dién ap vao thanh
dién ap va dong dién ra theo yéu cau va ngin cach thiét bi khoi khoi
ngudn dién. C4c yeu cau chinh:

* Dién cam cun so cap cao dé giam dong dién khong tai xudng gia tri
nho nhat

« Hé s6 ghép K cao dé dién ap thi cap it sut khi co tai.
« Ton that trong 18i cang thap cang tot (chon vat lidu
15i va bé day 14 thép thich hop).
« Kich thudc bién ap cang nho cang tbt.
o Két cau b&n ngoai cé thé dung:
e Loai ho ¢ tam (gia thanh thap)
. Loai boc kin c6 tam (bao vé co hoc tot) <
. Loai han kin, do dau (thich hgp vé1 khi hau nhiét déi, dé stra chira)
. Loai d6 khuon nhua (thich hgp vo1 khi hau nhiét d61, khong stra chira duoc)
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é o BAI GIANG MON :
. oai va rng dung

+ Bién 4p am tan : 13 bién ap dugc thiét ké de lam viéc ¢ dai tan s6 am
thanh khoang tir 20 Hz dén 20000 Hz, yeu cau bién d6i dién ap khong
dugc gay méo dang song trong ca dai tan s6 am thanh, dung de ngan
cach dién mot chiéu trong mach ndy v&i mach khac, dé bién doi tong
tré, dé dao pha V.V..

- Bién 4p am tan phai lam viéc trén dai tan so am thanh kha rong va phal
dap tmg nhiéu muc dich khac nhau nén yéu cau cao hon bién &p cap
dién.

+ Bién &p xung : Bién ap xung co hai loai: loai tin hi¢u va loai cong suat.
Blen ap xung co yéu cau vé dai thong tan khat khe hon so voi bién ap am
tan. Pé hoat dong tot O ca tan so thap va o tan sO cao (su’0’n xung) bién

4p xung can phal c6 dién cam so cap 16n, dong thoi dién cam ro nho va
dién dung gitra cac cudn day nho.

- Bé khac phuc cac yéu cau doi khang nay vat liéu 16i can c6 do tur tham
cao va ket cau hinh hoc cua cudn day thich hop. Vat li¢u 10i cta bién ap
xung duoc chon tly thudc vao dai tan hoat dong co thé 1 sat tir hodc
ferit.
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é :)T BAI GIANG MON :
_‘/..._

4.1 Lép tiép xtc P-N

4.2 Cau tao chung va phan loai Pi6t ban dan
4.3 Di6t chinh luu

4.4 Dibt on &p

4.5 Pibt bién dung Varicap
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en tiép PN ¢ trang thai can bﬁng nhie

GIANG MON :

n -Khi tiép XxGc pn dugc mdi duoc hinh

cho thanh, do su chénh léch nong d6 nén sé& cé

pien sy khuéch tan dién tir va 16 trong qua bé

- Mién l1an can mat tiép xuc mat dic tinh
trung hoa vé dién, bén ban dan n tich dién
+, bén ban dan p tich dién —, tao thanh
mién dién tich khéng gian va hinh thanh
mot dién truong noi1 E;

- E,lai lam tang su cuon cua cdc hat dan
thiéu so cua 2 16p ban dan qua ti€p giap tao

p n
A SEEERE CEFLTE
thi 190090060939 ¢
B oogooleasdd
rong (00000086 RdY 4,
'I b )I(nO :
P, = N, letog Py (X)
: ‘Jldiff n?
E e i Po = N_d
Ny, = Ny
n?
n, =
N

ra dong dién troi.
- Chuyén tiép PN dat trang thai cin bang

*khi dong khuéch tan Jg, bang dong troi
‘Jdriff y

i GANGYIEN
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en tiep PN ¢ trang thai can bang nhi¢

50 @p@@ e oe (?n(? @I yuélggt:rong tiép giap PN hinh thanh 3
SRR Go)@ 1@ Q@ PP - 1 vung dién tich khong gian
@@@@66@63@@@@ - 2 ving ban dan n, p cin trung hoa
RRRYOCe0RRQT “Xic dinh ny(x), pg(x), p(X), E(x), va
-x;oo 0 >|<n0 ; (I)(X),,? , 2
po, No_ - B¢ don gian hon ta xap xi chuyén

tiép nhu sau:

Po. No / ) i
A 6 approximation

- e E E -y
E Xpo 0 Xno X
ON: KY THUAT PIEN TU-




en tiep PN ¢ trang thai can bang nhi¢ .

Po. No
A

Ng -

f{j approximation

o — 1y, <x <0 plo),
o )< o < @y, ne(x)
® 1, < T no(x)

'TI,O(.’I?) < A'ra
polx) < Ny
— Ny, po(z) = n;
= Na, pol¥) = #,
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s en tiep PN ¢ trang thai cin bang nhi¢

+ Mat do dién tich khong gian:
P(X) = A[Ny(x) = n(X)+ Pg(x)-N,(x)]

P Pudng xap xi
dNg #"_ Dudng chinh x4c
0 ~po \- >
’ Xno X
0 X <—Xp
—gN, —X,<x<0
p(X): % q a po

gN, O<x<X,

0 X < X
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en tiep PN ¢ trang thai can bang nhi¢

+ Dign trwong trong chuyén tiép PN:

e gs X1
0 X < =X,
P
—gN, —Xx.,<x<0
p(x)={ e e NG ———;
aN, 0 <X < Xy 0 Xpo 5

0 X4 < X \ v Xno X
/ 0 khi  x<—x, N,
LN"J‘(x+xpo) Khi—x,, <x<0 E
E(X)=< Ijs 0 “Xpo \ Xno >
qgsd (x—=x,) khi 0<x<x, \7 X
0 khi X, <X Eo
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s en tiep PN ¢ trang thai cin bang nhi¢ .

+ Dign thé tinh dién trong tiép giap PN
- Nhu da x&c dinh & phan trudc, theo quan hé Boltzman, dién thé tinh

dién trong ban dan n, p la: kT, n, KT, p,
O = In 0 =——In
q 1 q Ny
ET 1,. N
i . po=N, = 0,=—"-In=*
- Trong vung ban dan p can trung hoa: Po ! b i
. =Ny = ¢, = nk
- Trong vung ban dan n can trung hoa: q n
d 1
o _ KT NN, .
OB = Op — QOp = n—m—m— 1T | A~ n
q n? 0 T | ?
dg ~Xpo 0 Xno X
dg — Hiéu dién thé tiép xiic trong chuyén Pp ?

tiép PN (Hang rao thé ning).
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L

en tiép PN ¢ trang thai can b?lng nhie

- X&c dinh dién thé tinh dién trong
vung chuyén tiep PN (xap xi

p T
dNy

chuyén tiép)? 0
O(wa) — Olay) = — ;12 E(x)dv
”_qN 'qNa
—a(x+xpo) Khi—Xx , <x<0 E
EC)=1 .
I T (x—x,) khi 0<x<x, \0
(C;S
9, khi x<—x E,
¢p+qz|\lf"(x+xpo)z Khi—x, <x<0 b
o=y
T x P khi 0<x<x, 0
S
khi x, <X Op -
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: BAI GIANG MON :
en tiep PN ¢ trang thai can bang nhi¢

+ Xdc dinh dj réng ciia chuyén tiép PN: X50 va Xno = ?
Trong ca ving chuyén tiép PN c6 tinh trung hoa vé dién:
7 — 4N,
qhax-po — q}\ dlno
Dién thé ¢g(x) cling lién tuc tai x=0 do do:

T, = QOp — =
0 s 2& n

Gia1 hé 2 PT ¢ trén ta co:

Lno = J Q’(

N+ Na)Ng No+ Na)Ng

D0 rong cua vung dién tich khong gian:

255@8(1\??& + Ng)

Ldo — Lno _|_$-po — J

aNaNg

IANG VIEN: ThS
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s en tiep PN ¢ trang thai phan cuc .

- Piéu gi s& xay ra d6i voi truong tinh dién trong chuyén tiép PN khi c6
dién ap ngoai dat qua 2 dau vao?

el

K
||
V

V > 0 — phan cuc thuan

V < 0 — phan cuc ngugc
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;=ﬁ:_

en tiép PN ¢ trang thai phan cuc

- Khi c6 dién ap phan cuc dit vao 2 dau cta tiép giap PN, phan bd dién
thé trong tiép giap thay doi ?

v
I
~| p - + n
p-QNR SCR n-QANR
'¢IJL
T% V=0
! 7 |

- Pién 4p roi trén 5 ving nhu thé nao?

GIANG VIEN: ThS. TRAN THUY HA
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s en tiep PN ¢ trang thai phan cuc .

- Pién 4p ngoai chu yéu dugc dat nén ving chuyén tiép PN (SCR).
- Hiéu dién thé dat 1én chuyén tiép PN goi 1a hang rao dién thé:

= dg :Trong diéu kién can bang nhiét

= ¢g— V < ¢g : Trong trudong hop phan cuc thuan

= ¢pg— V > ¢g : Trong trudong hop phan cuc nguoc

v
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s en tiep PN ¢ trang thai phan cuc .

+ Phan cwc thuén:

Pién thé tiép xdc trong giam.
- bién truong tiép XUc giam.
-b6 rong vung dién tich
khong gian giam

+ Phan cwc ngworc:

- bién thé tiép xuc trong ting.
- bién truong tiép XUc ting.
-b6 rong wvung dién tich
khong gian tang.

¢
(I)B_V (I)B ¢BI_V ’1:’.0 V>0
= . N — V=0
. ---------- V<0
E
X
X
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ON: KY THUAT PIEN TU-



é o : BAI GL&NGM()N‘
s en tiep PN ¢ trang thai phan cuc .

Chuyén dong ciia cac hat tai dién khi co dién ap phan cuwe:

- Khi dat dién ap phan cwc thudnV > 0, o5 =V | = |Egcp| |= |Jarifs |

- Can bang dong dién bi pha Vo | Jarifel < |Jaigrl

+ Phan 16n céc hat dan da so c6 niang luong du 16n dé dang khuéch tan
qua CT P-N. Két qua la dong dién qua CT P-N tang lén va day la thanh

phan dong dién khuéch tan. Dong dién chay qua chay qua tiép xuc P-N
khi n6 phan cuc thuan goi la dong dién thuan Ith

+ Nhiing hat dan da s6 sau khi vuot qua 16p tlep xuc P-N vao cac phan
ban dan P va N thi Chung tré thanh céac hat dan thiéu so ciia cac chat
ban dan nay, nhu vay 6 hién tuong “phun” cac hat dan thiéu s6 qua
vung dién tich khong gian.

+ Khi tang dién ap thuéan Ién, tlep xuc P-N dugc phan cuc thuan cang
manh, hi¢u dién thé tlep Xuc cang giam, hang rao thé nang cang thap
xudng, cac hat dan da sé6 khuéch tan qua tlep xuc P-N Cang nhiéu nén
dong dién thuan cang tang va noé tang theo qui luat ham s6 mii véi dién
ap ngoai.

GIANG VIEN: ThS. TRAN THUY HA
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s en tiep PN ¢ trang thai phan cuc

- Khi dat dién ap phan cue nguge V <0, 05 =V 1 = |Escr| 1= |Jarige] 1

- Cén bang dong dién bi phdvd [ Jyire > |Juirs]

- Do dién truong cua lop tiép xuc ting Ién s& thic day qua trinh chuyén
dong troi ctia cac hat dan thiéu s6 qua chuyén tiép PN, tao nén dong
dién troi co chiéu tir ban dan N sang ban dan P va duoc goi 1a dong
dién nguoc -

- Néu ta ting dién 4p nguoc Ién, hiu dién thé tiép xuc cang tang 1én 1am
cho dong dién nguoc tang 1&n. nhung do nong d6 cac hat dan thiéu sb
rat nho, nén dong dién nguoc nhanh chéng dat gia tri bdo hoa nao do vi
thé n6 con dugc goi 1a dong dién nguoc bdo hoa | cO gia tri rat nho.

GIANG VIEN: ThS. TRAN THUY HA
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s en tiep PN ¢ trang thai phan cuc .

- Minh hoa dong dich chuyén cua cac hat tai dién qua chuyén tiép PN

+ Phan cwc thuin + Phan cwc ngwoe

4] n P ‘ N

Dong khéch tan 16 trong Dong tro1 10 trong

4 \

Dong troi dign tir

e

I=In+lp I=In+1p
> <

Dong khéch tan dién tir

- Nhu vay chuyén tiép PN cd tinh chat chinh luu dong dién, cho phép
dong dién qua theo mot chiéu nhat dinh.

|

GIANG VIEN: ThS. TRAN THUY HA
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s i nang lwong cua tieép giap PN .

- Phan bo dai nang luong cua tiép giap PN trong diéu kién can bang nhiét:
Ev.:r-r —

N

. E.
Drift _ vac
. ; <+— Depletion of —=
E, & & == | ohike charge
_______________ 1~ ____T_____"'f-l—_____Tﬁffll_ﬂ'ﬁﬁﬁf'el'eﬁtfﬂ_]ﬁ__"__
I |
| |
: : Electrons g. (I)B
| -~ | S &
I L Ee |
£ - FermiHevel 1= flat

.E'l__-

p-type«— | — n-type
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,_/'_ uyen V-A cua tieép giap PN .

- Pé xac dinh dugc phuong trinh dic tuyén V-A cua tiép giap PN can
thuc hién tinh toan theo cac budc sau (B qua su tai hop cua dién tur
va 16 trong & chuyén tiép):

+ Tinh mat do hat dan thiéu so tai bién cua ving dién tich khong gian.

+ Tinh toan dong khuéch tan hat thiéu s6 trong mdi ving ban dan can
trung hoa: I,, I, voi gia thiét ham phan bo ciia céc hat thiéu so clia cac
micn do la tuyét tinh.

+ Tinh tong dong khuyén tan dién tir va 16 trong: T=1_ + l,

1. Tinh mat d§ hat dan thiéu so tai bién ciia ving dién tich khéng

gian SCR:
- Trong diéu kién can bang nhiét | Jarife| = |Jairf| va
no(xl) — exp Q[@(éﬁl) - @(szﬂ Pol1) — oxty —qlo(w1) — o(w2)]
1no(19) ET Pol2) kT
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: BAI w
uyen V-A cua tieép giap PN .

Phan bo ciia dién tir va 16 trong trong tiép giap PN

Trong diéu kién phén cuc thuén
Trong diéu kién can bang nhiét

e mem m s e

ni N
no = — \ p —_ 1
1 Na N _0. - Nd- X ! |
W, X O X W, "Wy \_Xp 0 %, / "

= - - - Giasu iuyén ti
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LT uyen V-A cua tieép giap PN .

- Nhung P(—iﬂ-pl) = {\'ra , va ?‘?(Jn) ~ ,Nd diéu r]ély c6 nghia la xap
xi su phun hat dan thiéu s6 qua chuyén ti€p & murc thap.
- Thay vao ta duoc: q(V —op)
kT
q(V — op)
k1

n(—x,) >~ Ngexp

plwy,) >~ Nyexp

. NaN, | 2 A
- Thay: op = il In dz % vao 2 biéu thirc trén, rdt gon :
q n;
— o= e 1Y
n\—x, = — e&Xp ——
PN,V ET
p(a,) =~ U eXD av
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.—/.— uyen V-A cua tieép giap PN .

2. Tinh toan dong khuéch tan dién tir o
trong vung dién tich khdng gian phia p:

dn
JIn = and— (*)
- Ap dung diéu kién bién: i —,
2 2
, n; n: qV
D o j\'ra 'y j\'ra kT

- Giai thiét n(x) thay d6i tuyén tinh thi viét dugc phuong trinh cta n(x)
va thay vao phuong trinh (*)
- Tinh dlIQ’C 2 D v

(x , q _
Ty = q—t——" xXp o — 1
" S AN, ) P Y
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: BAI w
uyen V-A cua tieép giap PN .

Tuong tu:

n,? D, qV
N, W, — xﬂ(e}{p W

J, = q

3. Dong tong cong

J = Jo+.J, = qn’( Alra VL;Dj . l-’d W;D—p . ) (exp %_1)
- Dong dién tong cong trong didt:
= qAn,?(;ra -wpD—” T + ;-Td -wnD—pxn)(e}{p i‘; — U
— |1 = lolexp i—; —1) 1, : Dong bio hoa
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BAI GIANG MON :

giap PN

uyén V-A cua tiep

A

DONG THUAN

DIEN AP DANH THUNG

|

\
DONG THUAN .lfr
C L =1, (exp E‘—T — 1)

|, : Dong bao hoa ngugc

B

1.0V

r—‘ ‘R\\ 0,5V
DONG RO
]
-} S
A DIEN AP NGUQC g
)
=
a ’o
DONG a
DANH
THUNG
nA

DIEN AP THUAN
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,_/'_ uyen V-A cua tieép giap PN .

- Hiéu chinh phuong trinh dic tuyén khi tinh dén su tai hop cua dién tir
va 16 trong tai chuyén tiép PN, phuong trinh dic tuyén cua tiép giap PN

nhu sau:
\Y
| = |O(e/7vm —1j

- Trong dé: |- dong bdo hoa; V,;, — dién &p nhiét; 1 - hé sb phat xa:
+ n=1+2 ddi véi tiép giap PN ding Si.
+ n~1 ddi vai tiép gidp PN dung Ge, va GaAs
+ 1 cling phu thudc vao do rong cﬁa,chuyén tiép PN va nhu vay ciing
phu thudc vao dién ap lam viéc cua tiép giap PN...
+ Thong thuong khdng cé ghi chu thi thuong chon n=1

GIANG VIEN: ThS. TRAN THUY HA
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s ¢ danh thing trong chuyén tiép PN .

- Dong phan cuc nguoc rat nhd, nhung Khi di¢én ap nguoc dat trén chuyén tiép
PN tang vuot qua mot gia tri nhat dinh dong ngugc s€ tang dot ngdt — do la
hién tuong danh thung, hién tuong nay co the lam hong linh kién nhung cé
mot s6 loai linh kién hoat dong dua trén co ché nay.

- Hai co ché danh thung chuyén tiép PN Ia:

+ Co ché théc li: Khi dién ap nguoc tang, dién trudng trong mién dién tich
khong gian tang, hat dan thiéu s6 bi cudn qua dién tru:(mg c6 dong ning ngay
cang 1én, khi chuyén dong chung va dap voi cac nguyén tir lam ban ra dién tr
16p ngoai cua ching, s6 dién tr tw do mai phat sinh do va cham nay cling
duoc dién truong manh gia toc, Chung tiép tuc dap vao cac NT maoi lam ban ra
dién tir tw do. Hién twong nay xay ra lién tuc va nhanh, khién s6 hat dan trong
ban dan ting dot ngodt, dién trd suat chuyén tiép giam di, dong qua chuyén tiép
PN tang dot ngot.

+ Co ché xuyen ham: Khi dién tru’O’ng ngugc tang len, con cung cap nang
lugng cho cac dién tir 16p ngoai cing cia NT ban dan, néu cac dién tir nay co
ning luong du 16n ching tach ra khoi NT tao thanh dién tir tw do, NT bi ion
hoa. Néu dién _trudng nguoc du 16n hién twong ion hoa xay ra nhiéu dan dén

sO luong hat dan trong ban dan tang dot ngot, lam cho dong nguoc tang nhanh.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




s ¢ danh thing trong chuyeén tiép PN .
- Trong thuc té 2 co ché danh thﬁng xay ra rat phirc tap, kh phan biét,
+ Déanh thung xuyen ham xay ra gan nhu tirc thoi va do dién trueong trén

mlen dién tich khong gian quyét dinh, khong phu thudc vao dién tich
mién dién tich khdng gian.

+ Danh thung thac 1t doi hoi phai ¢6 qua trinh gla tdc cho cac hat dan dé
chung cé dong nang du lon, phu thudce nhiéu vao do rong cua mién dién
tich khong gian.

- Bang thuc nghiém ngu:0’1 ta phan biét duoc, 601 véi ban dan Si, chuyen
tlep PN bi danh thung ¢ dién ap < 4V chu yeu la do co ché xuyén ham,
néu >6V thi chu yéu 1a do co ché thac 1d, con lai 1a do ca 2 co ché nay
gay ra.

- Dién ap danh thung phu thudc vao loai ban dan giam tuyen tinh theo
noéng do pha tap, dién ap danh thing cua chuyen ticp PN ¢ nong do
pha tap tuyen tinh cao hon chuyen tiép PN c6 phan bo dot bién, néu
chuyén tiép co su pha tap tuyén tinh bién do6i cang cham thi dién ap
danh thung cang cao..
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BAI GIANG MON :
.2.1. Gidi thiéu chung

DIODES
e ———

- Piot (diode) la tir nghép mang nghia "hai dién cuc* (véi di 1a hai, va
ode bat ngudn tir electrode, c6 nghia la dién cuc) 1a céc linh kién dién
tir tich cuc va phi tuyén cho phép dong dién di qua nd theo mot chiéu
ma khong theo chiéu nguoc lai.

GIANG VIEN: ThS. TRAN THUY HA
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BAI GIANG MON :
(P a i€u chung
15—
+ Ip
o I P I " I o Si0, sio,

\_p-type Si_“/

A IDz |> ‘ K vV .
D n-type Si
+ Vp -  mea
- Pi6t ban dan duoc cau tao tir mot chuyén tiép p-n
- Nguyén Iy 1am viéc dua trén cac hiéu tmg vat Iy cua chuyén tiép PN:
+ Piot chinh lwu: Dya vao hiéu tng chinh luu cta chuyén tiép PN
+ Piot 6n 4p Zener: Dya vao hiéu ung danh thing thac 1i va danh thang Zener
+ Piot ngugc, Piot tunen: Dua vao higu tng xuyén ham trén chuyen ticp PN
pha tap nhiéu
+ Piot Varicap: Pua vao hi¢u img di¢n dung cua chuyén tiep PN thay doi khi
dién ap phan cuc nguoc thay doi

- Nguyén ly 1am viéc, dic tuyén V-A, tmg dung cua mdi loai diot la rat khac nhau

GIANG VIEN: ThS. TRAN THUY HA
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BAI GIANG MON :
20 cua diot chinh luu va ki hi¢u trong

_"l |"_ Vung chuyén tiép

¥ + + +

+
+ +

- A
+ +

CATAT _-/ ' \— ARST

LR TIER ®0C

{ah cAU TROG BIGT

CATST

(2) PIOT 1A VO NHUA
BIEN HiNH

T~
CATAT \ :E' KIN
—

i

MG THUY
TINH

{b) BIOT 3A VO KIM LOAI
DIEN HINH

\ A K A K
\

B[T KiN

BANG THUT ;
TINH CATOT
KY
HIEU - *

{e) DIOT 304 VO KIM LOAI
BIEN HINH

~
.
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BAI GIANG MON :
en ly hoat dong cua diot
f Vung chuyén tiep hep Viung chuyén tiép rong

SfEIE=—- =

oinangn KHOMG DAN BHEN

C'II_D\ —|I=

{a) PAAKUC THUAN {b) PlHAKIc NGUGC

» Phan cue thuin (U,,>0): thic day cc e trong ban dan n va cac 16 trong
trong ban dan p tai hop voi cac ion gan duong bao cua ving chuyén tiép va
lam giam do rong ciia ving chuyén tiép. Thong thuong U, < 1V

» Phan cwe nguoc (U,<0): so lugng cac ion duong trong ving chuyén
tiép ctia ban dan n ting 18n do mot s6 luong 16n cac e tu do bi kéo vé cuc
duong ctia dién 4p cung cap. Tuong tu, s6 lugng cac ion &m trong ving
chuyén tiép cta ban dan p ting Ién. Két qua 1a ving chuyén tiép dugc mo
rong. DONg dién ton tai trong diéu kién phan cuc nguoc goi 14 dong bao
hoa nguoc I
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, . BAIGIANGMON: (
yén Von-Ampe cua diot ban dan

Us/ Ip=l; | ’
l,=fU,)=1|e ™" -1 h A
+ U;- Dién 4p ngudng cua $
dlét (Dlél’l é.p thﬁng DIEN AP BANH THUNG
thuan) U Up=U,
Uy = 0,5V-0,8V(diot Si) N — b ———
0,2-0,4V(didt Ge) \ Us
+ Uy,- di€n ap nhiét o
/‘4 - BIEN AP NGUGC g DIEN AP THUAN >
sone :
I
A iD: ing
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éT‘LTr&I GIANG MON :
p A > > . K
L s0 co’ ban cua diot .

a. Dign tré mét chiéu hay con goi |1a dién tré tinh R,

- L& dién trd cta didt khi 1am viéc ¢ ché do ngudén mét chiéu hodc tai
ché do tinh (tai diem lam viéc tinh M trén dac tuyén).

|
U s D
R, =—M=cotgg,
b. Dién tré dong R, : Y
duU R — 77VT —_ 7] VT
Tl T =y +
dl M IoenVT M 0 U IM : M
Do & ch¢ d6 phan cuc thuan I, >>1,va—- >>1
0 n Vs
Ri = 77 VT 9 62 U
IM ) > D
c.H¢ 56 chinh luwu: k U
- Lathong so dic trung d6 phi tuyén | RM
- A A / . N .2 , __th " *Onguoc
cua di6t va dugc xac dinh bang bi€u thirc sau: K = | R
0 Othuan

GIANG VIEN: ThS. TRAN THUY HA
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L s0 co’ ban cua diot .
d. Pién dung chuyén tiép C,

- Pién dung chuyén tiép PN khi phan cuc ngugc:

e. Pién dung khuéch tan

- Khi dat dién &p thuan lén tiép xic P-N, cac hat dan da s6 khuéch tan
qgua tiép xtc P-N. Qué trinh "chich" c4c hat dan thiéu s6 va mat d6 cac
hat thiéu so dugc chich vao giam theo qui luat ham mii voi khoang
cach. Su thay doi ti 16 mat do cac dién tich "chich™ vao voi dién &p dat
1&n tiép xUc P-N sé tao ra su gia ting dién dung. Do gia ting dién dung

nay goi la dién dung khuéch tan C, , va duge xac dinh bang cong thirc:

(2% PR N
Ck.t - + - Ck.t.P + Ck.t.n
V5 V-

f. Dién ap nguwoc cye dgi chophep: U .

- La gia tri dién ap nguoc 16n nhat co thé dat 1én didét ma no van lam viéc
binh thuong. Thong thudng tri s6 nay dugce chon khoang 0,8U,

: Dlen ap ngugc cyc, dal Ung max phu thudc vao cau tao ctia diot va no

Cll J.U i elll V
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éT\LTr&I GIANG MON :
g A > > . K
L s0 co’ ban cua diot .

9. Khodng nhiét do lam viéc:
- La khoang nhiét do dam bao diot lam viéc binh thudng. Tham so nay
quan hé véi cong suat tiéu tan cho phép cua diot.

P

ttmax = I maxUAKmax

0 0
T maxp-n — T

0 [ ]
max(207C) tomaxP-N — ZOOC

P =P

T tmax

Trong do: t°__ ., - nhiét do cuc dai cho phép cua tiép xuc P-N
t% - nhiét d6 moi truong

- Pidt Ge : - 60°C dén +85°C

- Pidt Si; - 60°C dén +150°C.
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é ik BAI GIANG MON :
O/ an vé cac mo hinh twong duwong cua cau kié¢

Mot mach dién tir thuong gom nhiéu cau kién tich cuc va cau kién thu dong.
DPac tinh dién ap- dong dién cua cac cau kién tuyén tinh thuong duoc xac dinh
bdi cac quan hé khd don gian, trong khi véi cau kién phi tuyén thi dac tinh
dién 4p — dong dién lai kha phirc tap.

- Nhu vay dé phan tich va thiét ké mach dé dang hon, cau kién phi tuyén thuong
duoc thay thé boi mo hinh mach twong duong ¢6 cung dap ing va dac tinh voi
cau kién thuc.

- M® hinh mach twong dwong cta C4c cau kién ban dan phi tuyén duoc ghép tir
cac cau kién thu dong tuyén tinh, cac nguon dong va ngudn ap khéng doi hoac
cé diéu khién trong mét diéu kién lam viéc nao do ciia cau kién phi tuyén.

- M0 hinh mach twong duong thuong duoc xay dung dua vao cac phuong trinh,
cac cong thirc co ban miéu ta hoat dong ciing nhu dac tinh cia cau kién.

- M6 hinh mach tuwong duong rat hiru ich dé xay dung c4c phan mém phan tich,
mO phdéng mach dién.

- Mot md hinh noi tiéng dung trong phan mém thiét ké mach dién tir va vi mach
la mé hinh SPICE
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é ik BAI GIANG MON :
O/ an vé cac mo hinh twong duwong cua cau kié¢

- CO nhiéu mo hinh tuwong dwong cho mdi cau kién tich cuc tly thudc vao
tmg dung va c4c diéu kién tuong tng cia thiét bi, ngoai ra con phu thudc ca
vao yéu cau toc do tinh toan, do chinh xac...

- Cac loai mo hinh mach twong duong chinh, phan loai theo d6 16n tin hi¢u
lam viéc trong cau kién:

+ M6 hinh mach twong dwong mét chiéu: Dung dé tinh toan cho phan
cuc mot chiéu va ung dung tan s rat thap.

+ MO hinh mach twong twong tin hiéu lé6n: Dung cho cac irng dung dong
hoac dién ap lam viéc co bién do 1on.

+ MO hinh mach twong dwong tin hiéu nhé: Dung cho cac img dung
dong hodc dién ap 1am viéc c6 bién do nho, thay doi rat it quanh diém lam
viéc 1 chiéu.

- Ty thudc vao tan sb lam viéc ma con sir dung: M6 hinh mach twong duong
tin hiéu nho tan s6 cao, tan sb thép; MO hinh mach twong duong tin hi¢u
I6m tan so cao, tan so thap, md hinh trong duong hdn hop. ..
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PT}LTr& GIANG MON :
h A “ > oA
a 0 hinh twong dwong ciia diot .

~ Céac md hinh twong dwong cia diot phin cuc thuin

1. So do mot khba dién tir ¢ trang thai déng: Diot 1am viée ¢ dién
ap 16n, tan so nho. Dién &p phan cuc thuan co thé bd qua vi U, =
0,6V cho diét Si, va U; = 0,2V cho diot Ge 1a qua nhé. Dic tuyén
Von- Ampe lGc nay coi nhu trudng hop ngan mach.
Pic tuyén VOn-Ampe |4 dudng thang tring véi truc |.

| |
A_’{>| K A — K
U=uU~ V;=0
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)

M

0 hinh twong du’O’ng cua diot .

2. S0 do mét nguon ap ly twong

|
é

A—I>FH—Kk A |

— U, =0,7V

U=U;, U, =07V Upn

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



s 6 hinh twong dwong cia diot .

3. So' do mét nguén dign ap thiwe = Trong truong hop nay diot duoc coi
nhu mot nguon dién ap thuc gom c6 ngudn di€n ap va ndi trd cuia no
chinh la Ry (dién tré trong cua didt va no la dién trd thuan). .

AU, U, -U.
RT — =
AL |
LN Ho pn
% —] W
u=u, U,
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BAI GIANG MON :
0 hinh twong dwong cua diot

ip A ;
(mA) Ip ‘

12

11 . /I N 1

10 | The expon-en.tlal o il B Straight line B Slope 5 —

characteristic IA':'/ 1 rp
9 Slope = -
8 'I P
7
6
5 I -
4 0 VDO Vp
3 Ip
2 | Straight line A o -
|
1
V J > 1 é Ideal
0 02 04 0.6\\ 08 1.0 4, (V)
Vo Vo Vo
2 ')
O
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s 6 hinh twong dwong cia diot .

Cac mo hinh twong duong cua diot phan cuc nguoc
- So do mot khba o trang thai ho

- So dé mét nguon dong Iy twéng

1='I|:| 1=-I|:|

ﬂ—}mﬁ A, @ L,
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s 6 hinh twong dwong cia diot .

Cac m6 hinh twong dwong xoay chiéu tin hiéu nhé

a. So do m¢t dién tré dong R. 6 ché dp tin hiéu nhd tan soé thap: Trong
truong hop nay Diot ludn phan cuc thuan, d6i véi tin hiéu xoay chiéu
bién do nho dap tng ctia didt dugce coi nhu mot phan tir tuyén tinh:

Rj U=Rii=Ri
A D ‘ K A AAAK R+R,
— g T
duU
R=—"0 - :
di |, .
E _-I'
R-: UVT — 77VT T
I U
Ioem IM+|0 — RznVT
i IM
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éT%TrAI GIANG MON :
h A A > o« A
</ 0 hinh tuwong dwong cia diot .

~ Céac md hinh twong dwong xoay chié¢u tin hiéu nhé

b. So do twong dwong & ché dj tin higu nhé tin sé cao: O ché do nay
diot dugce col nhu mot dién tr¢ thuan R, mac song song voi mot dién dung
khuéch tan C,,. C,, xuat hién trong khoang thoi gian t 1a khoang thoi
gian l&ch pha gita i va u. C,, 1a dién dung khuéch tan ctia tiép xdc P-N

va dugc xac dinh: C..= v

R.
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L "lw
0 hinh twong du’O’ng cua diot .

c. So do mét dién dung chuyén tiép 6 ché dp tin higu nhé (Phan cuc

nguoc)
Et.:
-
A K
‘§_|>|_!§ -_/H/ )
Ungl.ﬁ:h: Uﬂwﬁt

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é o ) BAI GIANG MON :
O/ oai diot (1)

Diét chinh luu: Didt chinh luu st dung tinh dan dién mot chiéu dé chinh luu

dong dién xoay chiéu thanh mot chiéu.
A D‘ K A_@_K

Diot xung: O ché d6 xung, diét duoc sir dung nhu khda dién tir gom c6 hai

trang thai: "dan" khi dién trd cta diot rat nho va "khéa" khi dién tré ciia no rat
16n. Yéu cau thoi gian chuyén tir trang thai ndy sang trang thai khac phai that
nhanh. Thoi gian chuyén trang thai xac dinh toc do hoat dong cua didt va do
d6 xac dinh toc do 1am viéc cua thiét bi.
Cac diot xung c6 cac loai diot hop kim, diot méza, diét Sotky. Trong do diot
Sotky duge dung rong rdi nhat. Diot Sotky sir dung tiép xUc ban dan - kim
loai. Trong di6t Sotky khdng co6 qué trinh nap hodc xa dién tich trong mién
nén. Do d6 toc do lam viée chu yéu cua diét Sotky chi phu thudc vao dién
dung rao thé cua tiép xdc P- N rat nhd. Thoi gian phuc hoi chirc ning ngit cua
diot Sotky c6 thé dat t6i 100psec. Pi¢n &p phan cuc thuan cho diot Sotky
khoang Uy, = 0,4V, tan s6 lam viéc cao dén 100 GHz. . F
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é ﬂ ) BAI GIANG MON :
O/ oai diot (2)

Diot on &p: Nguoi ta sir dung ché do danh thung vé dién cua chuyén tiép
P-N dé on dinh dién ap. Diot 6n ap duoc ché tao tir ban dan Silic vi no
bao dam duoc dac tinh k¥ thuat can thiét.VD: diot Zener

Current] }
¥z

ﬁ ' Forward

ic | Requlation

Diot bién dung (varicap): La loai diot ban dan duoc st dung nhu mét tu
dién cO tri s6 dién dung diéu khién duoc bang dién ap. Nguyén ly lam
viéc cua didt bién dung la dua vao su phu thudc cia dién dung rao thé
ctia tiép xuc P-N véi dién ap nguoc dit vao no.

%
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é ﬂ ) BAI GIANG MON :
O/ oai diot (3)

Diot tunen (hay diét xuyén ham): Diot dugc ché tao tir chat ban dan co
nong do tap chat rat cao théng thuong n = (10%° + 102%)/cm3. Loai diot
nay c6 kha nang dan dién ca chiéu thuan va chiéu nguoc.

A

Forward
current

Megative
resistance
wregion

Conventional
forward-bias
current

Tunneling
current

o
NS

Forward

wol tage

Diot cao tan:Dung dé xu ly céc tin hiéu cao tan nhu:
- Pi6t tach song.
- Pi6t trén soNng.

- D16t di€u bién
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anh cua Diot
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BAI GIANG MON :
0t sO rng dung cua Diot

- Pidt duoc st dung trong nhiéu ung dung khac nhau. Vi du mét s6
rng dung don gian nhu sau:

+ Mach chinh luu dién &p xoay chiéu
+ Mach nhén do6i dién ap

+ Mach ghim va mach han bién

+ Mach on &p

+ Mach tach song

+ Mach logic

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



BAI GIANG MON :
s0 wng dung cua Diot

Mach chin

h luu

So do khoi cua khoi ngudén mot chiéu

Power
transformer
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120 V (rms) <
_ 60Hz J
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s0 rng dung cua Diot

Mach chinh luu nwra chu ky

O
+

ac line

voltage

AAAAA

YYYYY

Ideal Vpy 1,

(b)

L]

et GANG e T

: KY THUAT PIEN TU-
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0t sO rng dung cua Diot

Mach chinh lwu nwra chu ky

NUA CHU KY NUA CHU KY
DUONG +V

DUONG +V

o |
'

NUA CHU KY
AM

NUA CHU KY

1
1
1
1
1
1 Y
1 AM
1
1
1
1

+V
1

1 1
1 1 1
1 1 1 1
1 1 1 1 1
1 I
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1 -V 1
1 1 1 1 1 1
— MOTCHUKY —»! — MOTCHUKY —»!

(a) (b)
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BAI GIANG MON :
s0 rng dung cua Diot

Mach chinh toan song

D,
o > +—oO A Yo
+ .1P i: ® T Center *
ME v wp R Uo
¢
ljch 1: C ~ -
ine o)
)|} ¢ -
voltage jb ¢ = Slope =—1 Slope =1
4’ ‘b v
D] | [
— ¢ -
O N 1
D, —Vpo Y Vi Us
(a) (b)

|
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0t sO rng dung cua Diot

Cau chinh luu toan song

0

ac
line
voltage

O

wac N
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BAI GIANG MON :
s0 wng dung cua Diot

Mach chinh lwu ca chu ky

. CHINH LUU cAu
BIEN AP

TOAN SONG
---------------------
]
00— ]
. N "~ 1
cAUCHI  cONG TAC !
TAT MO i
]
NGUON | o )
XOAY CHIEU i DIEN AP CHINH LUU BiNH
1
T I /_
]
| 1
: 1 I 1
]
___________

DIEN AP
NAP DINH

THOI GIAN PHONG CUA TU

\THﬁI GIAN PHONG CUA TU
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0t sO rng dung cua Diot

Mach chinh lwu khi co tu lgc

H 2 / 141 I Tt
D i i T
¢ \L L \L Conduction
interval At
Uy C== R § v

(a) o

| +

@)
[
[
@)

- Dang song cua dién ap va dong
dién ung vo1 CR >>T.

Y

- Gia su diot la |),/ tlI()'Ilg. (©)
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- s0 irng dung ciia Diot

Mach chinh luwu khi ¢o tu loc
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Mach chinh lwu khi ¢o tu loc
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Conduction
interval At
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0t sO rng dung cua Diot

Mach nhan doi di€én ap

D1
! al
INPUT D2 ~C1
l OUTPUT §LOAD
o ®
gl
rTNC2

*—>)>—»
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’ BAI GIANG MON :

- Mach ghim (d1ch mirc) va mach han ché (ghim dinh)

T CR1 CR2 l
10 Vpihdinh / \ 7 1,4 Vonhdinh
O O
DAU VAO (a) DAU RA
Cs
o—] € o
I\
Rp CR1
THAM CHIEU = — —| — — — — = — — — —_————rm——— THAM CHIEU —_— ———
O O
PAU VAO DAU RA
Rs
o—\\A\—e o)
PAU VAO
CR1 CR2 : |
Y | !
! |
: I
- - —
DAU RA 1 c )
| o ! V.
| -t 1 1

L \ o H
piura I/ -

DAU VAO
v, %(THIENAP) % A
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Yo A Yo A
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s0 wng dung cua Diot

- Mach han bién

RS
o AN O
CR1
PAU VAO DAU RA
CAP PINH
THIEN
o, O
o W—
+
Y
20 Vgenagin (10 Vi) DKU VAO DKU RA
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0t sO rng dung cua Diot

- Mach gidi han bién d6 2 phia

Rg CR2
o— AW\ »H—]1| o
CR1 V2
PAU VAO pAu RA
— Wi
O -Ii O

DPAU VAO

DAU RA
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4210t zener 1 P vor: CAUKIEN DIENTU

« VVUng Zener duoc dung dé thiét ké didt Zener

* Dién &p Zener (yz): la dién ap phén cuc nguoc ma tai do dong dién co xu
hudng tang dot bién trong khi dién ap tang khong dang ke.

« Dién &p Zener rat nhay cam ddi vai nhiét do lam viéc.

LAV, 1V,

T. 100%/°C

1 TO
V., -dién ap Zener danh dinh ¢ 25°C
T, - nhiét d6 phong (25°C)
T,- nhiét d6 moi
Tc- hing s6 nhiét d§, théng thuong & 25°C : T, = +0,072 %/°C

VD: cho mét diét Zener c6 V, =10V & nhiét dd phong, hay tinh dién 4p Zener méi
ctia didt do khi nhiét do ting I&n dén 100°C

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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e C4c dic tinh ciia diot Zener véi moé hinh twong dwong & méi ving

Current

Current

Leakage

Yoltage
Current

+ + o

7 —— " avalanche
- I Current

=i [l EYerse
Yoltage
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Na210bit zener 3 PO CAUKIENDIENTU

b 6.8 -V, 10mA
-V, —Vzo —Wr
I J/ T e bt _ 0.5W,6.8-V, 70mA
? T | L v
nV /r
g | Vz =Vz0 +1yl,
—_ Slope = rl— i |
O &lr _Q ___________ — 1, (test current) Vz >Vz0
—>: :« IZ
AV/|f| Al O—é
____________ +
AV = Alr, v
Z
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420Dt Zener (5 oo CAUKIEN DIENTU

-Mach han ché ding dio6t Zener
(Zener Limiter):

Mot diot Zener c6 thé han ché 1 phia
cua mdt song sin toi dién ap Zener
(V ), trong khi d6 ghim phia kia toi
gan gia tri 0.

Véi hai diét Zener mac ngugc nhau
(hv&), song sin cd thé bi han ché ca 2
phia téi dién ap Zener

- Mach 6n ap ding diét Zener
(Zener Regulator):

Dién ap nguoc khong do6i (V) cia diot
Zener dugc dung dé on dinh dién ap ra
chong lai su thay do6i cta dién ap dau
vao tir mot nguon dién ap thay doi hay
su thay do6i cua dién tr¢ tai. | chay qua
diot Zener s& thay do6i dé gitr cho dién
ap nam trong g101 han ctua ngudng cua
vung lam viéc caa didt Zener

Unrequlated T
power "'l"rI R
supply l L
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CHUONG 5.

TRANSISTOR LUONG CUC - BJT
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_‘/..._

5.1. Cau tao va ky hiéu cua ludng cuc trong cac so d6 mach
5.1.1. Cau tao BJT loai pnp, npn,
5.1.2. Nguyén ly hoat dong cua BJT
5.1.3. M0 hinh Ebers-Moll

5.2. Cac cach mac BJT va cac ho dic tuyén tuong (ing

5.3. Phan cuc cho BJT

5.4. Ché do chuyén mach

5.5.Cac mo hinh tuong duwong cua BJT.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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_‘/.._ r BJT

~ Gi6i thiéu chung vé Transistor
- Transistor = (Transfer Resistor) TRANSISTORS

- Transistor 1a mot linh kién ban dan thuong
duoc st dung nhu mot thiét bi khuyéch dai
hoic mét khoa dién tir. Transistor 14 khoi don
vi co ban xay dung nén cau trdc mach & may
tinh dién tr va tat ca cac thiét bi dién tir hién
dai khac. Vi dap ung nhanh va chinh xac nén
cac Transistor duogc st dung trong nhiéu tGng
dung tuong tu va so, nhu khuyéch dai, dong
cat, diéu chinh dién &p, diéu khién tin hiéu, va
tao dao dong. Transistor ciing thuong duoc két
hop thanh mach tich hop (IC),co thé tich hop
to1 mot ty Transistor trén mot dién tich nhd.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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20 BJT loai pnp, npn

«—

<

&—— Base (P) &—— Base (N)

- Cau tao Transistor gom c6 2 tiép giap PN do 3 16p twong tng 3 mién phat,
gdc, gop va co 3 dién cuc ndi toi 3 mién: Cuc Phat-E (Emitter), Cuc Goc -
B (Base), Cuc Gop-C(Collector). BJT thuan c6 3 mién PNP, BJT nguoc cd
3 mién NPN

- Chuyén tiép PN giita mién E-B 1a chuyén tiép Emitter T, giita B-C la
chuyén tiép collector T

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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20 BJT loai pnp, npn

B E C
Isolauon SlO2 Emitter | Aluminum Epitaxial
layer
N3 nt+
pt // /////‘9/?‘/\/))/// / 2 pt
.iii- Z
) N P 7
layer substrate

Conventional npn transistor
- Nong d6 pha tap cua mién E la kha cao, Mién B c6 nong d6 vira phai kich

thudc khd mong, mién C c6 nong do pha tap thap. Mién phat c6 kha ning phat
Xa cac hat dan sang mién goc B, mién gop cO kha nang thu nhan tat ca cac hat
dan duoc phat xa tir mién phat E qua mién goc B tdi.

- Mién C thuong duoc nubi trén phién ban dan dé, cd 16p ban dan vui sau co
nong do cao (Buried layer n++) dé giam tri so dién trd noi ti€p.

- B0 rong cia mién B nhd hon do dai khuéch tan trung binh rat nhiéu

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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_~/'_ 20 BJT loai pnp, npn

Ki hi€u trén so’ do va cac dang TO-3
dong vo khac nhau cua BJT

NPMN

m

m
| | MY

GIANG VIEN: ThS. TRAN THUY HA
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O/ 20 BJT loai pnp, npn

Dat tén va ky hiéu cho BJT

- BJT thuong duoc ky hiéu la A..., B..., C..., D... Vi du A564, B733,
C828, D1555 trong d6 cac Transistor ky hiéu la A va B la
Transistor thuan PNP con ky hiéu la C va D la Transistor nguoc
NPN. cac Transistor A va C thudng c6 cong xuat nho va tan so lam
viéc cao con cac Transistor B va D thuong c6 cOng xuat 16n va tan
s6 lam viéc thap hon.

- Transistor do M¥ san xuat. thuong ky hiéu la 2N... vi du 2N3055,
2N4073 vv...

- Transistor do Trung quoc san xuat : Bat dau bang sb 3, tiép theo la
hai chii cai. Chir cai thirc nhat cho biét loai bong : Chir A va B 1a
BJT thuan , chit C va D 14 BJT nguoc, chit thir hai cho biét dic
diém : X va P 1a BJT am tan, A va G la BJT cao tan. Céc chit s6 &
sau chi thr tu san pham. Thi du : 3CP25 , 3AP20 wv..

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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f_/_ en ly hoat dong cua BJT .

- O trang thai can bang nhiét, dong dién qua c4c cuc = 0.

- Muon cho Transistor lam viéc ta phai cung cap mot dién 4p mot chieu thich
hO’p cho cac chan cyc. Tuy theo dién ap dat vao cac cuc ma Transistor lam
viéc & cac ché do khac nhau:

+ Che do ngat Hai tiép glap PN deu phan cuc nguoc. Transistor cé dién
trér rét 16n va dong dién qua cac cuc rat nho.

+ Ché d¢ dan bdo hoa: Ca hai tiép glap PN déu phan cuc thuan. Transistor
c6 dién trd rat nho va dong dién qua no 1a rat 16n.

+ Ché dé tich cuec: Tlep giap BE phan cuc thuén, tiép glap BC phan cuc
nguoc, Transistor 1am vigc nhu mot phan tr tich cuc, 0 kha ning khuéch
dai, phat tin hi¢u... Pay 1a ché do théng dung nhat cua Tran5|stor

+ Ché dé tich cwe ddo (Ché dp dao): Tiép giap BE phan cuc nguoc, tiép
giap BC phan cuc thuan, day la ché do khong mong muon

- Ca hal loai Transistor pnp va npn déu c6 nguyen ly lam viéc glong hét nhau,
chi cO chiéu nguodn dién cung cap & nguoc dau nhau. Chi can xét véi BJT
npn, voi loar BJT pnp tuong tu.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




f_/._ en ly hoat dong cua BJT .

- O ché dp ngat va ché dé din bao hoa, BJT lam viéc nhu mot phan tir
tuyén tinh trong mach dién. Trong BJT khong c6 qué trinh diéu khién
dong dién hay dién ap. Transistor 1am viéc & ché do ndy nhu méot khda
dién tr va n6 duogc stir dung trong cac mach xung, cac mach logic.

- Cac vung lam viéc cua BJT:

BJT - npn BJT - pnp
Vac Vee
TlCh? cuc B30 hoa Tich cuc Bao hoa
dao dio
VBE Vep
) Ngit
Tich cuc Tich cuc

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



BAI GIANG MON :
en ly hoat dong cua BJT

a. BJT lam viéc trong ché dj tich cuc (Forward Active)

n-Emitter I p-Base n-Collector

® W/\EAW | l~>0
Ig<0 i L JRVY VOV Y C K, .
. ; 5 — -Tiép giap BE phan

/’ “I.MNU"':\J\N - i A
; = - Tiep giap BC phan
| 1g>0 CUC nguoc.
I [
1 | 1 |
Vge >0 Ve <0

GIANG VIEN: ThS. TRAN THUY HA
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en ly hoat dong cua BJT

a. BJT lam viéc trong ché dj tich cuc (Forward Active)

Emitter Base Collector

(n

77.'5'

- Tz phan cyc thuin nén hat dan da sO 14 dién tir tir mién E duoc khuéch tan sang mién
B qua chuyén tiép T, trd thanh hat dan thiéu s6, do su chénh léch nong d6 ching tiép
tuc khuéch tan dén mién chuyén tiép Tc tai day no duoc cudn sang mién C (Vi dién
truong cia tiép giap T ¢ tdc dung cudn hat thiéu so).

-Hat dan da s6 1a 10 trong tai mién B ciing khuéch tan nguoc lai mién E nhung khong
dang ké so v4i dong khuéch tan dién tir do nong d6 16 trong & mién B it hon rat nhiéu
(Vi nong do pha tap mién B it hon nhiéu)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




f_/._ en ly hoat dong cua BJT .

a. BJT lam viéc trong ché dj tich cuc (Forward Active)
Hiéu suat ctia cuc phat: y - 1a ti s6 gitra thanh phan dong dién cua hat da s6
voi dong dién cuc phat: | 1

I I = =
BJTnpn:  y=-"t=—"_~0,98+0,995 4 le+loe 1+1271 ¢

le le+le

Dong dién do cac hat dan k /tan qua Tg dén duoc tiép xtc T

H¢ s6 chuyén doi: g = - —
Dong dién cua cac hat dan dugc k/ tan qua tiep xuc Tg

BJTnpn: f" = :“C — 0,980,995

Hé s6 khuéch dai dong dién cuc rfJEhélt tinh : o (0y) hay con goi la hé so
truyen dat dong dién cuc phat :

I | .
aF:aO:InC:InC InE:'By
a6 t4i h E nE 'E

€ sO tal hop:
5 L e+ 1 e ol
InE+IR+IpE I

GIANG VIEN: ThS. TRAN THUY HA
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f_/._ en ly hoat dong cua BJT .

a. BJT lam viéc trong ché dj tich cwe (Forward Active)

- Dong dién I chi yéu gom: dong bdo hoa nguge cua tiép giap T, thanh
phan dong phun cé4c hat thiéu s6 qua tiép giap T va cac thanh phan dong
dién do hién tuwong tai hop trong 1ép tiép xuc phat va trong mién gbc tao
nén.

lg=Ig* lpe-lcgo™ lhe-lnc
lg=le- Iietlnclcro
- Quan hé gitra 3 thanh phan dong dién trong BJT trong ché do 1 chiéu:

lc = lict leg

lc =aple + g,
lg = (1-0ag)lg—lcgg
4 4 4 oI E : I C n+ I B . °
Thuc té dung hé s6 khuéch dai dong dién cuc phat tin hiéu nho hay con goi

1a hé so truyén dat vi phan dong dién cuc phat o o = ae

ol ,

GIANG VIEN: ThS. TRAN THUY HA
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g; en ly hoat dong cua BJT .

a. BJT lam viéc trong ché dj tich cwe (Forward Active)
- Hé s6 khuéch dai dong Emitter chung (tinh) mot chicu Be (B,) :

I . a
,Bozl_c’ma IE:|B+|c:>:Bo: _F

B A

- Hé s6 khuéch dai dong Emitter chung tin hiéu nho: B= o. «

a_l—a

Emitter Base Collector

- M@ hinh kich thudc e
don gian cua BJT npn

oy

-We-Xge -Xgg 0 Wg WgtXge WatXpctWe

GIANG VIEN: ThS. TRAN THUY HA
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j_/._ en ly hoat dong cua BJT

-Tém lai trong ché do lam viéc tich cuc, tiép giap BE phan cuc thuan,
tiep giap BC phan cuc nguoc.

I
- Quan h¢ gitra cac dong dién trong BJT-npn la: | l y
B
le=lgtlc e
Vo I Vee D.n .,
o= 1s e:,t:f-pq bE Ip = —S(ea:pq BE )| 1 =(q ”\7\; AEJ l e

ET 3, kT
- Trong ché d6 tinh (ché d6 1 chiéu) va bo qua dong bio hoa ngugc :
o D N, W
l. =a: . =a,l | =6 1.=831. =—2F ] _ “n'N4eVVE
c ~Urle =tole c =Pele = Fole 1—a. SVE DN, W,
- Néu tinh d¢én dong bao hoa nguoc:
c =hole + lcgg lg = (1-ag)le—lcg ol ol a
-Trong ché d6 dong: a T p= ol - 1— o
E B

GIANG VIEN: ThS. TRAN THUY HA
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en ly hoat dong cua BJT

b. BJT lam viéc trong ché d§ dao (Reverse)

n-Emitter p-Base n-Collector

L~ @

lg>0

Ig>0
: |
VBE <0 VBC >0

-Tiép giap BE phan
cuc nguoc.

- Tiép giap BC phan
cuc thuan.

GIANG VIEN: ThS. TRAN THUY HA
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g; en ly hoat dong cua BJT .

- Phan bo nong do hat dan thiéu so trong cac mién ctia BJT & ché do dao

nhu hinh vé:
emitter base collector
PnE, . NpB 4 PnC
: PnCo
PnEo ; NpBo
i I T > X
-We-XgE -XBg 0 Wg Wp+Xgc Wp+Xpc+Wc

- Khi BJT npn ¢ ché do dao, mién C phun hat dan da s6 (dién t&r) sang
mién B, va chling lai dugc thu gom béi mién E.

GIANG VIEN: ThS. TRAN THUY HA
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g; en ly hoat dong cua BJT .

- Tinh toan tuong tu nhu ché d6 tich cuc, dong dién trén cac cuc duoc
tinh nhu sau:

Ve . _ Is — qVpe |
= Joexy — —(exp — 1
Ip = Igexp T B ,.SR( 1 T | ) T c
B
Ve Is( Ve j T e
l.=1_+Il,=1.€ + e -1
C E B S Xp kT IBR Xp kT
- Hé s6 khuéch dai dong Collector tinh: 1
B :IE:DnNdCWC B E B
R
IB DpNaBWB i

3R ™~ OJ_ — fj { 3F |E°‘AE

C C
GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




BAI GIANG MON :
en ly hoat dong cua BJT

c. BJT & ché d¢ ngat (Cut-off) So db twong duong don gidn
50 do phan cuc BJ'npn o gyT npn & ché do ngat
trong ché do ngat

C

ICBo

lE

- Cung cap ngudn sao cho hai tiép xuc PN déu
dugc phan cuc nguoc. Dién tré cua cac chuyén
tiép rat 16n, chi c6 dong dién nguoc bio hoa rat
nho cuia tiép giap gop I, COn dong dién nguoc
clia tiép giap phat Ig, rat nho so véi I, NEN €O
thé bo qua. Nhu vay, mach cuc E coi nhu hd mach.
Dong dién trong cuc gbc B Ig=-1 g0

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




BAI GIANG MON :
en ly hoat dong cua BJT

d. BJT o ché do bao hoa (Ssatg{altl{on) - So db twong duong don
odop ;PgFZN h‘npn gian cua BJT npn ¢ ché dd
trong che do bao hoa R, b3o hoa

+, E¢
E.T I
T
| l Re
t C
B 1
SRS BB R l
:i -:%:ﬁ E&&%&iﬁ E
atet S 20r ] Hons £ ol [Beees Natt L
E
~ c”™
U= OV R.

- Cung cap nguon dién mot chiéu vao cac cuc cua Transistor sao cho hai tiép xtic PN
déu phan cuc thuan. Khi d6 dién tré cua hai tiép xUc phat T: va tiép xuc gop T rat
nhd nén c6 thé coi don gian 1 hai cuc phat E va cuc gop C dugc ndi tat. Dong dién
qua Transistor 1. kha 16n va duoc xac dinh boi dién dp nguon cung cap E. va
khong phu thudc gi vao Transistor dang sir dung, thuc té U~ 0,2V.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




j_/._ en ly hoat dong cua BJT

1.3 M9 hinh Ebers-Moll (I:l'c
- M hinh c6 thé sir dung cho ¢
BJT & ca 3 ché d6 lam viéc <g |
khac nhau: ché do tich cuc, ché 'RT x l o I
dd ngat, ché do bao hoa. . ‘ Dong trén cc
- Thuong dung cho cac truong Be— { didt 1, = Iq(eVee! Vin1)

hop mét chiéu va truong hop g = log(€Vee/ Vin-1)

tin hiéu lén.
A Ao 1A IFl! <T>(*R|R

- Pugc xay dung tren to hé
phuong trinh Ebers-Moll

| IT
c _ _ |
| )l ls=0eles= ogles E |8
B

_ Vee Vi ) ( Vec Vn )
o =—lgle 1+ e 1o le 1
VBE /Vth Vor NV
GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




en ly hoat dong cua BJT

é ﬂ BAI GIANG MON :
_‘/..._

M6 hinh Ebers-Moll don gién cho cac ché d lam viéc
- MO0 hinh Ebers-Moll don gian cho BJT npn trong ché d6 tich cuc:

(I:llc Vge =0.7 Vi >0.2
I e
IRTX <l>aF ' — Be— ¢
s Vege =0.7 lc =B lg
Be . £
IFl v iggéa . -Mo hinh Ebers-Moll don gian cho BJT npn trong
1l [ ché do bao hoa (2 di6t phan cuc tllluén):
I g B
e TIE B -—_ —e (C
Ve =07 — V=01

GIANG VIEN: ThS. TRAN THUY HA
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( /7 BAI GIANG MON :
Q;T mic BJT va cac ho diic tuyén twong tn
-Trong cac mach dién, BJT duoc Xem nhu mot mang 4 cuc: tin hiéu duoc dua
vao hai chan cuc va tin hiéu lay ra cling trén hai chan cuc

-BJT ¢6 3 cuc la E, B, C nén khi str dung ta phai dat mot chan cuc lam day
chung cua mach vao va mach ra. Ta cé thé chon mdt trong 3 chan cuc dé l1am
cuc chung cho mach vao va mach ra. Do d6, Transistor c6 3 cdch mac co ban
la mach cuc phat chung (CE), mach cuc goc chung (CB), va mach cuc gop
chung (CC).

L, T E
u.ll_ AC JUCE ' lUEC
” o] .
(CE) (CB) (CC)

- Dic trung ctia mang 4 cuc dung hé phuong trinh trd khang, dan nap, hon
hop. Hé phuong trinh hon hop: {Ul = f(i,,u,)
, = f(il’u2)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




i JT npn mac cwe phat chung - CE

- X&c ho dinh dic tuyén ra tinh: lc = la(lg, Veg)
lc = f(UCE,)|I§ ? @
+ Gilr Iz & mdt tri s ¢o dinh, thay doi l I
U.g va ghi lai gia tri twong (g cua I, I Uce
vé& duoc dic tuyén [.=f(Ucp), Thay doi Iy E— " 4_' Ve

dén g1a tr1 khac nhau la thuc hién twong tu

két qua thu dugc ho dic tinh ra tinh cta I C‘) UBE\ l I Y

BJT mac CE.

- X&c ho dinh dic tuyén vao tinh: ° .

UBE:f(,IB)’|UCE 9 e

+ Gilt Ugg 0 moOt tl:i sO ¢O dinh, thay d@i? Upgg va ghi lai gia tri twong trng cua I,
v& dugc dac tuyén Ig=f(Ugg), Thay d6i Uce dén gia tri khac nhau la thyc hién
tuong tu, két qua thu dugc ho dac tinh vao tinh cua BJT mac CE.

- Xac dinh h¢ sb truyén dat (dic tuyén khuéch dai): 1. = f(I;5)],_

+ C6 thé dugc Xac dinh tir dic tuyén ra.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




”)

s JT npn mac cwe phat chung - CE .

T
Ho diic tuyén vao tinh Uy =)
- Nhan xét dac tuyén vao tinh: BE — B |UCE
Uge [V]

+ Khi dién ap Ug < 0 thi tiép xdc phat T, phan ‘
cuc ngugc, trong lic tiép xdc gop phan cuc 1 -

nguoc (Uge < 0), nén Transistor 1am viéc ¢ ché Ucg=10V

do ngat, dong dién phat I = 0, nén ta c6: I = - LLJJCE—:25\\//
lcgo CE™
Uee=0,1V

- Khi Uge > 0 thi tiep xdc phat Tg phén cuc 4

thuan, dac tuyén giéng nhu dac tuyén cua chuyén U-.=0V
- A A ~ NN N n X CE
tiép PN phan cuc thuan, vi dong Iz la mdt phan 0,2-
cta dong I qua chuyén tiép T¢ phan cuc thuan. ‘
| 1 1 1 "
lg = (1- o)l - log, 1 2 3 4 IlglWA]
- | tang theo qui luat ham s6 mil v&i dién ap Uge Nén dong dién cuc gdc | cling s& tang

theo qui luat ham s6 mil véi dién ap Uge.

- Vi gia tri Uggnhat dinh, Ug cang 16n thi dong I cang nhé, vi Ug tang 1am cho mién
dién tich khong gian cua T cang rong chu yeu ve phia mién B, nén so hat dan bi cuon dén
mién C cang nhiéu, so hat dan bi tai hop tai mién B cang nhé, nén dong Ig cang nhd.

GIANG VIEN: ThS. TRAN THUY HA
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s JT npn mac cwe phat chung - CE .

- Pic tuyén ra va dic tuyén khuéch dai

) ) Pic tuyén ra
Pic tuyén khuéch dai ', | T 1w
Ac ty ' (ggc)’ Tang tuyén tinh LpE A

Uoe=5V

m

Uee= | . Vung danh thdng
: ~ \ P lg=15pA
| (saturation)-Ba0 hodl — B H
| H
| (forward active) lg=1pA
|
' | :
: | : lg =500 nA
0A
I A I L L e DN e e e ey,
B(:l“l | | | s | =-lcgo
) 5 1 0 1 2 / 3 4 \ 5 6 Veg (V)

ché do ngat  ché do tich cuc
(Tr& khang ra rat
cao)

GIANG VIEN: ThS. TRAN THUY HA
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i JT npn mac cwe phat chung - CE .

- Pic tuyén ra va dic tuyén khuéch dai

- Nhén xét ddic tuyén ra:

+ Tai mién khuéch dai do doc cua dic tuyén kha 16m, Khi U tang lam cho do
rong hiéu dung cua mién B hep lai, lam cho so hat dan dugc cuon sang mién
C cang nhiéu, do d6 dong I tang nhanh.

+ Khi Ugg giam, dén diém udn cia dic tuyén khi d6 U g=Uqg-Uge=0, lam
cho chuyén tiép BC phan cuc thuan, BJT chuyén sang ché do lam viéc béo
hoa. Khi Uc-=0 thi dién ap phan cuc thuan U-g=-Uge day hat dan thi¢u so &
mién C trd lai mién B do do 1-=0, dac tuyén cling di qua goc toa do.

+ Khi Ug tang qua 16n, lic d6 Ueg qué 16n dan toi danh thing tiép giap T,
lam cho dong I tang dot ngot.

- Nhén xét dic tuyén truyén dat:

+ Dic tuyén truyén dat biéu thi moi qua hé gitra dong ra I va dong vao I khi
gilt Ug c0 dinh. Dac tuyén nay cé thé suy ra tir ho dac tuyen ra.

GIANG VIEN: ThS. TRAN THUY HA
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JT npn mac cwc phat chung - CE .

dl :
=—=% khi U, =U. =const
dU
Uge | Uge
l.=lse 7" =8=—"¢ e
- Pia Q i pha : du th
Dién tré ravi phanr, =f.=—C khi I, =I,=const
dl.
- Dién tré vao vi phan a0 - Foo =loe = d;: %t khi U, =U, =const
. . I
- Hé s6 khuéch dai dong dién tinh: K, Kip =—-= IC = Poc =Nee
vVao B

K., kha 16m, mach CE ¢ thé khuéch dai dong dién.
- Kiém tra BJT lam viéc & ché dd bdo hoa hay khong’P Khi tinh toan hodc do
duoc dong lgva |- ma khong phu thuoc vao tham so cua BJT, néu lg>I /e, thi
BJT lam Vlec o che do bao hoa. Vay khi thiét ké mach ding BJT o che d6 chuyén

mach, khi d& c6 yéu cau vé dong I (thong thu:0’ng =E./R,;) thi can phai tinh
toan mach sao cho Ig>l/h.¢ dé BJT c6 thé lam viéc & che do béo hoa.

- Pic diém ciia mach CE (Xem giéo trinh).

GIANG VIEN: ThS. TRAN THUY HA
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i JT npn mac cwe phat chung - CB .

- X&c ho dinh dic tuyén ra tinh:
lc = f(L,JCB,)llE ?
+ Gitlr Iz & mot tri s6 ¢o dinh, thay doi T
U.g va ghi lai gia tr1 tuong Ung cua I,
vé duoc dic tuyén I.=f(U.g), Thay doi I

dén g1a tr1 khac nhau la thuc hién tuong tu,

két qué’ thu duoc ho dac tinh ra tinh cua (CB)

BJT mac CB.

- X&c ho dinh dic tuyén vao tinh:

Ug = f(IE)luCB

+ Gilr Ug 0 mot tl:i s6 ¢b dinh, thay d(;)i Uggva ,ghi la1 gi14 tr1 twong Grng cua I,
v& dugc dac tuyén Ig=f(Ugg), Thay doi Ucg dén gia tri khac nhau la thyc hién
tuong tu, két qua thu dugce ho dac tinh vao tinh cua BJT mac CB.

- X4c dinh hé s6 truyén dat | = f (I E)IUCB

+ C6 thé dugc Xac dinh tir dic tuyén ra.

GIANG VIEN: ThS. TRAN THUY HA
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i JT npn mac cwe phat chung - CB .

Ho dac tuyén vao tinh Ugs[V]
- Nhén xét dic tuyén vao: 1 -
A 4 A A U - OV
+ Chuyén tiép EB ludon phan cuc CB
yen Hep 1 phan cue g gl Ugg= 1V

thudn nén dic tuyeén vao cua U oy
mach CB co ban giong nhu dac 0,5 UCB: Y
tuyen thudn cua diot. Ung voi “
dién ap am vao Ugg cO dinh ’
dong vao Ig cang 16n khi dien -0,
ap Ucg cang 16n, vi mién dién R
tich khong gian cua chuyén tiep 1 o 3 .4 lg[mA]
Tc phan cyc nguoc cang tang,

lam cho khoang cach hi¢u dung

gita chuyén ticp Emitter va

Collector ngan lai, do do dong

| tang Ién.

GIANG VIEN: ThS. TRAN THUY HA
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s JT npn mac cwe phat chung - CB .

o I( IC (mA)
= Bac tllyell ra > A€ Vung tich cuc —
‘ 40 les = 40MA
30 || JIE4 = 30mA
Vung /
din )
bio 20 H,— les = 20mA
hoa I o(lgs - leo)
10 i /
N\ IEZ - 10mA
- Y =0
2 4 T P66 T -8 Ug(V)
¢ Ving ngat )

- Doi v6i dong I ¢ dinh, I =Ig, khi Ugg tang I€n, | ting nhung khong dang keé.

- Khéc so voi dic tuyén ra ciia BJT mac CE, khi dién 4p Uog giam t6i 0, 1 van chua
giam t6i 0, do ban than chuyén tiép T van con dién thé tiép xdc, chinh dién thé tiép
xUc ndy da cudn nhiing hat dan tir mién B sang mién C lam cho dong . tiép tuc
chay. Bé I =0 thi T.phai dugc phan cuc thuan. Mién dic tuyén trong d6 T phan
cuc thuan goi 1a mién bio hoa.

- Khi U ting dén gid tri nao do thi I tang Ién dot ngot do hién tugng danh thing
xay ra.

GIANG VIEN: ThS. TRAN THUY HA
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JT npn mac cuwc phat chung - CB .

Cac tham so dic trung

A X R dl dl .
-PohodanS: S=—2=—C5_khi U =U, =const

) dUVao UEB

Uge | Uge
l.=15.e i —S=-—"¢ i
th

- Pién tré raviphanr, . : dUcs -

: ra"l,=Ig= T khi 1,,=1;=const

C

oA ? N\ - pal . dUEB -

- DPién tré vaoviphanr,, : r,,=res= " khi U, =U,, =const
B

ra_ __ IC _
- H¢ s6 khuéch dai dong di¢n finh: K, 0= T T %<

K., <1, mach CB khong thé dung Iam mach khuéch dai dong dién.
- Pic diém ciia mach CB (Xem gido trinh).

GIANG VIEN: ThS. TRAN THUY HA
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(P a JT npn mac cuc gép chung - CC .

- X&c ho dinh dic tuyén ra tinh:
;= f(UEC)|IB
+ Gilt Iy & mot tri s6 ¢ dinh, thay doi

U va ghi lai gia tr1 twong ung cua I,

vé duoc dic tuyén Iz.=f(Ug.), Thay doi I
dén g1a tr1 khac nhau la thuc hién tuong tu,
két qua thu dugc ho dac tinh ra tinh cua
BJT miac CC.
- Xé&c hg dinh dic tuyén vao tinh:
Ug = f(,IB)’luEC 9
+ Gilt U 0 moOt tl:i sO ¢O dinh, thay déi? Upgc va ghi la1 gia tr1 twong trng cua I,
v& dugc dac tuyén Ig=f(Ugc), Thay d6i Ugc dén gia tri khac nhau la thye hién
tuong tu, két qua thu dugc ho dac tinh vao tinh cua BJT mac CC.
- Xac dinh h¢ sb truyén dat (dic tuyén khuéch dai): 1o = (1),
+ C6 thé dugc Xac dinh tir dic tuyén ra.

GIANG VIEN: ThS. TRAN THUY HA
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s JT npn mac cuc gép chung - CC .

Piic tuyén vao tinh , Is(HA)
T
Uee=2V |Ue=4V
30
20 -
10 +
| | UCBgv)

1 2 -3 -4

- Pic tuyén vao ctia mach mac CC khéac han voi truong hop mac CE va
CB. Truong hop nay dién ap vao U.g phu thudc rat nhicu vao dién ap
ra Ugg,

GIANG VIEN: ThS. TRAN THUY HA
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s JT npn mac cuc gép chung - CC .

Pac tuyén ra

4

'

5 B ; o Pic tuyén ra
Pac tuyen khuéch dai E

(nA) Tang tuyén tinh Lle=25mh
Uee=5V 0T
N : i lIg=2pA
Uem2VNKR™ ™" "7~~~ 7 Fo-------== i Vung danh thiing

I P e
(saturation)-B30 h(‘)alj's =1.5pA
|
|
|

(forward active) lg=1pA

|B(‘LLA
) T2

ché do ngat  ché do tich cuc
(Tré khang ra rat cao)

GIANG VIEN: ThS. TRAN THUY HA
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s JT npn mac cuc gép chung - CC .

Cac tham s6 diic trung

- PohodianS: S-= al, _ dle khi U, =U.. =const
dUVao UBC
e dU.. ..
- Pign troraviphanr @ fe=fe =" Khi 1, =I5 =const
E
_dUBC

Dién tré' vao viphanr,,, : r,=r,

a0 BC —
dl,

khi U, =U.. =const

Ira IE

- Hg s6 khuéch dai dong dign tinh: K, o =77 =1"
A KX X o oA 7 dUra
- Hé so khuéch dai dién ap : Ky = 10

Vao

Piic diem ciia mach CC (Xem gido trinh).

GIANG VIEN: ThS. TRAN THUY HA
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ﬁl GIANG MON :
rc cho BJT

5.3.1. Khai niém phan cuc cho cac ché do lam viéc cua BJT
5.3.2. Phan cuc bang dong c¢6 dinh

5.3.3. Phan cuc bang hoi tiép am

5.3.4. Phan cuc bang mach dinh thién tu cap

5.3.5. Mach phan cuc kiéu bu

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



A BAI GIANG MON :
il i€ém phan cuc cho cac che do 1am vi

- Phan cwe (dinh thién — Biasing) cho BJT:

+ Mu6n BJT lam viéc nhu mot phan tur tich cyc thi cac tham so cua BJT phal thoa
man diéu kién thich hop, nhitng tham s6 nay phu thudc nhiéu vao di¢n ap phan
cuc cac Chuyen tiép Collector va Emitter. Nhu vay cac tham s6 ctia BJT phu
thudc nhiéu vao dién ap dinh thién ban dau (diém 1am viéc tinh) cua no.

+ Muon BJT lam viéc 6 ché do tich cuc thi chuyén tiép B-E phan cuc thudn,
chuyén tiép B-C phan cuc nguoc (BJT npn: U<Ug<Ug, BJT pnp: U>Ug>U,).

- Puwong tai tinh, diém |am viéc tinh

+ Puong tai tinh (duong tai 1 chiéu) duogc vé trén dic tuyen ra tinh cua BJT de

nghién ctru moi quan hé gitta dong dién ra va dién ap ra ctia BJT & ché do mot
chiéu.

+ Piém lam viéc tinh (d1em phan cuc 1 chiéu) 1a diém nam trén duong tai tinh
xac dinh dong dién, dién ap 1 chiéu trén BJT khi khéng c6 tin hiéu xoay chiéu
dat vao.

+ De minh hoa xét vi du véi mach BJTnpn mac CE, xac dinh dudng tai tinh va
diém lam viéc cua chdng.

GIANG VIEN: ThS. TRAN THUY HA
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é i BAI GIANG MON :
i niém phan cwce cho cac che do 1am vi¢

- Pé minh hoa xét vi du v4i mach
BJTnpn mac CE, xac dinh duong tai
tinh va diém lam viéc cua chdng.

- Phuong trinh duong tai tinh:

(tdi 1 chiéu: Ry=R), d6 thi nhu
hinh vé trang bén.

- Tuy theo céc gia tri phan cuc ma diém lam viéc tinh c6 toa do khac nhau,
diém lam viéc tinh Qi(Uceileilg) 12 giao diém cua duong tai tinh va dac tuyén
ra tuong tng véi dong phan cuc Ig=lg;.

- Khi ¢6 tin hiéu dat vao, I bién doi, dan t6i | bién doi, két qua la dién 4p ra
trén tai bién d6i. Can phai chon diém lam viéc tinh Q dé dién ap ra trén tai
khong bi méo. Thong thuong dé bién do dién ap ra cuc dai, khong lam méo
dang tin hiéu, diém lam viéc tinh thuong duogc chon & gitra dudng tai tinh.

GIANG VIEN: ThS. TRAN THUY HA
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é i BAI GIANG MON :
i niém phan cwe cho cac che do lam vi
I L4 IC(mA R
cma Piém lam viéc tinh
—
EC/RtC <3 Qi(UCEi’ICi’IBi)
N Se——
N | Prmax
EC/RtOZ > E 2 o —
Piém bio |/ | hean NQ, S w2
hoa ¢ | |
2| A o NQ;
C
UCEsA U UCEZ UCEl\E U cemax UCE(V)
) 7 AUCEZ |
/QEZ/. | Piém ciit
5//
<&‘1
~AUcel :
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é ﬂ BAI GIANG MON :
i niém phan cwe cho cac che do lam vi

On dinh diém lam viéc tinh va on dinh nhiét

BJT rat nhay cam vé&i nhiét do, nhat 1a Ugg VA Iy, Nén khi nhiét do
thay doi diém lam viéc tinh cling thay doi. Nhu vay diém lam viéc cling
nhay cam v&1 nhiét do.

Pé danh gia do6 on dinh cua diém lam viéc theo theo nhiét d6 1a str dung
Do 0n dinh nhiét dugc dinh nghia nhu sau:

dl
S=—¢
dICBO
- Tadaco lc = ople + g, = agllgtlc) + g,
<=> IC: (1,0 IB/(l'ao)-l_ICBO/(l-aO)’
<=> IC: BO'IB+ICBOI(1-(X'O)’ 1+ ﬂO
- Pao ham 2 vé phuong trinh trén theo I, rit gon ta co: S = dl
1_ ﬁO' dl °
C

GIANG VIEN: ThS. TRAN THUY HA
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BAI GIANG MON :
ni¢m phan cwe cho cac ché do 1am vig¢

Mo hinh twong dwong mot chiéu ‘
- Khi tinh toan phan cuc cho BJT c6 thé st dung mo hinh tuong duong mot chiéu.
Thuong sir dung mé hinh Ebers-Moll. Trong moi ché do 1am viée cu thé st dung so
do twong duong Ebers-Moll don gian.
- T6m lai khi tinh todn ché do 1 chiéu dé don gian co thé sir dung c4c cong thirc sau:
+ Ché d¢ tich cue: &

it

Iczlsﬂo *

U, =~ cont il <l> o Ig
(eg. 0,7—npnSi;—0,7 — pnpSi) 1 'RT A Dong trén céc

+ Ché d6 bao hoa: Be di6t Ir = les(eVee/ V1)
| Ig = log(eVee/ Vin-1)

U.~0 1I.>-%
CE B B, Ipl! ﬂT>aRIR

+ Ché do ngit:
. =0 I, =0 g'e

GIANG VIEN: ThS. TRAN THUY HA
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é ﬂ BAI GIANG MON :
Y inh thién bing dong c¢6 dinh (Pinh .

: Dong g tur nguon mot chiéu cung cap cho BJT khong doi, c6 thé dung mach 1
nguon mot chiéu E, hoac hai nguoén mot chiéu Ugg va E.. Dién tré Ry dau tir cuc
+ clia nguon cung cap vé cuc B sao cho tiép giap BE phan cuc thuan_

+TEC

H Re  |JRe
el c2 E>_|c:1
N | — I;; " Ura Uvao
Uvao ‘UCE
(a- Mach 1 nguon) — (b — Mach hai nguon) =
8= (Ec-Uge)/Re~ Ec/Rg 5= (Ugg-Uge)/Rg = Ugg/Rg

+ Phuong trinh duong tai: E.=1-.RytUe  (Rp=R¢)

+ Mic theo cac so do trén lg=const => Alg/Al.=0

+ Heé hé s6 on dinh nhiét la: S= B,+1, S phu thudc vao hé so KB dong Emitter
tinh B,vay S phu thudc vao ting loai BJT va thuong 16n, d6 6n dinh kém nhat.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




éﬂ . BAIGIANG MON:
L inh thién bang dong co dinh (Pinh .

Vi du: BJTnpn loai Si co: B, =50, phan cuc bang mach dinh thién co
dinh, E.=15V, diém lam viéc tinh cO 15=30pA, Ug=0,6V. Tinh toan
mach dinh thién?

Dap s6: Rg=480kQ; U=7,5V; R-=5kQ.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é o . BAIGIANG MON:
. phan cuc hoi tiép Am

- thi tin hiéu d%lu ra thay doi ciing s& té‘c dong dén dau vao lam thay
doi tin hiéu dau vao goi la mach c0 hoi tiép.

- Neu tin hi¢u ra tang lai lam tin hi¢u dau vao giam thi goi 1a hoi
tip am.

- Vi mach phan cuc cho BJT néu gia sir khi nhigt do thay doi lam
cho dong dién ra ¢ va ¢ tang Ién, su tang nay ncu lam giam dién
ap dat trén tiep giép BE hoac CE '[?h‘l s€ lam cho I; giam, nhu vay
|- va Iz giam, diém lam viéc dugc on dinh.

- Tuy theo phuong phép dung hoi tiép &m dign 4p ma c6 cac loai
mach phan cuc hoi tiép am khac nhau:

a. Mach dinh thién hoi tiép &m Collector.
b. Mach dinh thién hoi tiép &m Emitter.
C. Mach dinh thién hoi tiép am Collector va Emitter.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




. BAIGIANG MON:
phan cyc hoi tiep am

a. Mach dinh thién hoi tiép Am Collector +9 Ec
+ 9 Ec

Uvao ( a)

- Mach dinh thién ¢b dinh c6 d6 én dinh nhiét khéng cao, va khi dong I,
tang lam dién ap U,g giam, c6 thé dung dic tinh nay l1am cho dong I giam
do do on dinh duoc dong I bang cach dung dién tr¢ hoi tiep Rg tir cuc C
ve B, ta c0 mach Collector-Feedback Bias (CFB) hinh (a).

- Taco: Ec=(Ictlg)RctUce =(Bolgt1g)Rc+IgRg+Upge

— |, = Ec —Uge | = :Bo-(EC _UBE)
(B, +DR. + R, “ (B, +DR. +R,
- Phuong trinh duong tai tinh: Ec=(Ic+15)Rc+Uce= IR (Bot1)/BytUce

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é o . BAIGIANG MON:
i phan cuc hoi tiép Am

a. Mach dinh thién hoi tiép Am Collector

B
R. +Rg dl¢ Re +Re
- H¢sb ondinhnhigt: |5 = —
1+ f, -
Rg + Rc

- Nhu vay S< By+1, da cai thién duoc tinh 6n dinh nhiét.

- Néu chon Rg<<R_ thi S—1.

- Pién 4p phan hoi am qua Rg trong mach phan cuc lam ting d6 on dinh nhiét
dong thoi lai lam giam h¢ so khuéch dai tin hi¢u xoay chiéu, Rg giam thi do
on dinh ting nhung hé so khuéch dai giam. Nhu vay dé khic phuc mau thuan
nay Rg duoc chia thanh 2 phan R, va R, va dung tu n6i dat diém noi gitra 2
dién tréd nay nhu hinh (b). C hé mach doi véi tin hiéu dinh thién 1 chiéu
nhung ngan mach tin hiéu xoay chiéu khong cho phan hoi tré lai dau vao.

- Mach dinh thién hoi tiép am Collector van khong thé ting duoc do on dinh
lén cao vi S va diém cong tac tinh phu thudc 1an nhau.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




. BAIGIANG MON:
phan cuc hoi tiép am

b. Mach dinh thién hoi tiép Am Emitter

(EC _UBE) | = :Bo(Ec _UBE)

D@ dang tinh dugc: g = B
c S AN e T R (B +)+R,  © R.(B +D+R,

Phuong trinh duong tai tinh ?

SZ? UCE:?

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




. BAIGIANG MON:
phan cuc hoi tiép am

c¢. Mach dinh thién hoi tiép Aam Collector va Emitter

Phuong trinh duong tai tinh ?

D

S
Ug =2

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




) BAI GIANG MON : |
cuc bang mach dinh thién tu cap

- Mach dinh thién tu cap (con dwoc goi 1a mach phan ap, mach phan cuc
bang dong Emitter, mach phan cuwc bang hoi tiep am dong dién) c6 so do6
nhu hinh (a). So do twong dwong tinh nhu hinh (b) (4p dung bién doi
Norton, Thevenin véi co cau nguon E. va dién tré phan ap Ry, R,.

- R;, R, tao thanh mach phéan ap tao dién ap Ug dat vao cuc B cua BJT.

- R hoi tiép am dong dién. U= Ug=Ic.R¢ - _RE
« 7 ., A 4 2. B ™
- _Gla tr1 cua nguon bién doi tuong duong: R +R,

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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) BAI GIANG MON : |
cuc bang mach dinh thién tu cap

Can chon R1, R2 thé nao de dam bao Ug On dinh va Ug<<E,, nhung Rg

khong 16n hon nhiéu R, neu khong thi sy phan cuc ctia mach giong nhu

truong hop phan cuc dong c6 dinh. (Thong thudng chon Rg=R¢).
Eg=1gRgtUget(lctlg)Re=Ugetlg(Rg+(Bo+1)Re

Trong truong hop nay khong dugc bo qua Ugg

Tinh toan diém phan cuc: E,-U,,

|, = B : . =41
’ Rg + (8, +DRe e =hle

Taco: U=l R=(By+1).15 Re
+ Phuong trinh duong tai tinh: E-=I-(R-+Rg)+Ue+15.Re (bo qua I5.Rg)
N Ec= Ic(RctRg)+Uce
- XA&c dinh hé s6 on dinh nhiét: S=?
Eg=lgRg+Uge+(I+15)Re (Eg va Ugge khdng phu th“?fi vaodonglg) 1.4 R/

=> dlg/dl.= - Re/(Re+Rg) — 5= R, Gt R,
B 1+,6’0R oy 1+ By + /

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é i : BAI GIANG MON : |
. cwe bang mach dinh thién tu cap

R/
1+
5= /o +é — 1+ ,) R
1+ 1+ /
B R +R. Bo +

+ S—1 khi Rg<<Rg, va S—1+ B, khi Rg>>R¢

+ S khong phy thude vao Ry=R.

- Ban chat ctia sy 0n dinh nhiét ctia mach dinh thién tu cap chinh 1a dong
phan hoi &m qua dién tré Re. Ting R nghia la ting phan hoi am, do d6
lam giam hé s6 khuéch dai tin hiéu xoay chiéu ctia mach. CO thé loai
trir phan hoi Am cua tin hiéu xoay chiéu bang cach mac thém ty dién Ci
ngan mach d6i véi tin hiéu xoay chiéu nhu hinh c, d.

- Trong thuc té B, ciing thay doi theo nhiét do, do dé ciing anh huong dén
d6 on dinh ctia diém lam viéc tinh, dé danh gia su anh huong nay dung
cong thirc sau: Al ABS

. BB +D)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




) BAI GIANG MON : |
cuc bang mach dinh thién tu cap

+TEC

- Bai toan thiét ke (xac dinh céc gia tri di¢n trg phan cuec dé BJT lam vigc
o diem lam vigc tinh nao do Q(lgp,Ucgo:lp)), Can chu y mét so luat sau:

+ Tinh R, Ry sa0 cho |y, 1hpp >>lg=> 1= 1= 1, = E/(R+R,)

+ Thuong chon I ,> 2015, — luat 20:1.

+ Chon Rz < 0,01B8,Rg => R, < 0,01B3,Rg — Luat 100:1

+ Chon U=0,1E. — Luét 10:1

&0 0 G v R T R AN
ON: KY THUAT PIEN TU-




) BAI GIANG MON : |
cuc bang mach dinh thién tu cap
Ec _UCEO -U E

ICO

+ R. =

+ Re= Ue/(Igotlco)
+ Chon R, tinh R, dya vao phuong trinh sau:
Eg=UgetUp+1go[RiRy/(R1+R,]= Ec.R /(R +R))

+ Kiém tra lai xem c6 théa méan diéu kién I , > 2015, khong?

( Cha y: Khi tinh toan néu dir kién bai toan cho khdng du dé tinh chinh
xac cac dién trd phan cuc thi co thé dung mot so luat lya chon dé chon
gia tri cac dién nao do, tuy nhién cang dung it luat lua chon thi két qua
cang chinh xac).

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é ﬂ BAI GIANG MON :
i cai thi€n cac mach dinh thién cho B

' +o Ee +o Ec + oEc +oEc +o Ec I
I:I I:\)B RC I:I RB RC RC RC
T T T T
RE RB RB RE
- (2) ~ (3) -

(1) = 4) =

(1) : BB - Base Bias P on dinh ting dan
(2) : EFB - Emitter-Feedback Bias

(3) : CFB - Collector-Feedback Bias

(4) : CEFB — Collector- and Emitter- Feedback Bias

(5) : VDB — \oltage — Divider Bias

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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é T‘LTrAI GIANG MON :
7] A A R A A
L ong ché doé chuyén mach (ché do xun .

- Vi dung BJT hoat dong trong c4c mach xung, mach s, mach logic.

- BJT trong truong hop nay lam viéc nhu mot mot khoa dién tir, BJT lam viéc & 2
ché d6: dong — ché d6 ngat (ngat mach khong cé dong di qua BJT), mo - ché do
dan bdo hoa (ndi mach cho dong di qua BJT).

- Do dic diém hoat dong nhu vay ma cac tham so ciing nhu dic tinh cua BJT
chuyén dung cho cic tng dung nay ciing c6 nhiéu dic tinh khac so véi BIT
chuyén hoat dong ché do tich cuc. Doi khi nhitng BJT chuyén dung nay con dugc
goi la BJT xung.

- V6i nhitng BJT lam viéc o ché d6 chuyén mach nay thi cac tham so sau quan
trong nhat:

+ Pién ap thuin Ugg,, : 1a dién 4p Ugg khi BJT méc CE & trang théi bdo hoa.

+ Pién ap bao hoa Ucgy,: 12 dién 4p Ug khi BJT méc CE & trang thai bdo hoa

+ Théi gian qua a9 ciia BJT : t, - thoi gian qua do khi BJT chuyén tir ché do
ngat sang ché do bdo hoa, t.; — thoi gian qua do khi BJT chuyén tir ché do béo
hoa sang ché do ngat.

- Vi nhitng tmg dung tan s6 xung thap van c6 thé sir dung cac BJT thdng thuong.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




) BAI GIANG MON :
ong ché do chuyén mach (ché do xun .

- Vi dy mach BJT lam viéc ¢ ché do chuyén mach nhu hinh (a) , U 1a xung vao.

+Khi U; =0V => tiép giap BE, BC phan cuc nguoc, Q lam viéc & ché do ngat,

lg=150=-1c0=0, I =0 => U= E.=5V

+ Khi U;=5V, chon R, Rg sa0 cho Q lam viéc ¢ ché do bdo hoa, Khi do:
U,=Uce = OV. Nhu vay BJT 1am viéc chuyén doi giita 2 diém b&o hoa va ngit.

| ey = Ee ~Ycesa =~ Ec | = Ui—Ye  pidu kien aé Q bdo hoa: || - | csa
CSat R R B R . B
C C B 54
Ec =+5V : A 5V IC(mA)
I PR
Rc 0.82k ov| t Coat

R Yo U~ |
- hQ(B=125) |5V

U i
" 68k
@ Il L

»

= C C E . X z
Ngét l\J \\’iR ~0 . =-lcgo

R ~o0 - e
- ET el Bao hoa 1" Ucesa Ec Uc(V)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é o BAI GIANG MON :

O/ a do cua BJT
- Gian d6 thoi gian minh hoat cac thoi gian i
qua do cua BJT lam viéc & ché do chuyén U,
mach. ' t
- Trong d6: Ban dau BJT ¢ trang thai ngat o |t "
tai thoi dlem t, khi co xung duong dat vao, U,

chuyen tiép BE dugc phan cuc thuan BJT
md, tuy nhién I van rat nho nhu ¢ trang
thai ngat trong thoi gian tré ty, sau d6 méi
bat dau tang va sau thoi gian ting t, mai
dat gia tri bdo hoa I, va ¢ trang thai bo
hoa trong khoang thoi glan t, sau do dot
ngdt Xung vao mat U;=0, va dong I chay
theo chiéu nguoc lai, dong I khong giam
nho ngay ma tiép tuc duy tri gia tri bao
hoa trong thoi gian ton tich ts, sau do mat
thoi gian h01 phuc t; mo1 giam dan dén
gia tri ban dau nhu & trang thai ngat.

Thoi gian quéa do:

vt

tOI’]

=1, +1,

IANG VIEN: ThS. TRAN THUY HA

THUAT PIEN TU-




BAI GIANG MON :
twong dwong cua BJT

- MO hinh twong duong cua BJT !él mach ghép ctia cic phan tir thy
dong, nguon dong, nguon ap... xap xi hoat dong thuc cua BJT trong
diéu kién lam viéc nao do.

- Mo hiqh twong dugc duoc thay thé cho BJT trong cac phép xac dinh
tham so nao do6 cua mach.

- Cac mo hinh twong duong:

M6 hinh twong duong mot chiéu

M® hinh tham s6 Hybrid (Hybrid parameter/h—Parameter Model)

MO hinh twong duong tin hiéu nhé hybrid-n

MO hinh tuwong duong r,

MO hinh twong duong tin hiéu 16n

MO hinh Spice

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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é ﬂ BAI GIANG MON :
s twong dwong cua BJT .

a. Mo hinh twong dwong mét chicu
-Str dung mo hinh Ebers-Moll
-Trong mSi‘ché d6 1am viéc cu thé st dung so do tuong duong Ebers-Moll don gian
(xem lai phan trudc).
- Tom lai khi tinh todn ché do 1 chiéu dé don gian co thé st dung cac cong thirc
sau:

A C
+ Che dg tich cure: Il'c
lc =14 <l>
- og |
UBEzCOnt | 'RTl [F)F o
I ' B ong trén cac
(eg ' 017 - nanI 1_017 _ pnpsl) B—C-> diét g__ - |Es(e\\/,BEl/\\l;h_1)
+ Ché d¢ bio hoa: In = log(eVee! Vin1)
|
Uee =0 g >I—C | Y ot
A 3A z IBO _
+ Ché do ngat: l T'
E E
. =0 I, =0

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



T twong dwong cua BJT

BAI GIANG MON :

b. M6 hinh tham so Hybrid

- M® hinh tham s6 Hybrid dugc xac dinh tir ma tran tham s6 hdn hop H cua mang 4
cuc la tham so6 ctia BJT trong diéu kién diém 1am viéc mot chiéu.

- Tur hé phuong trinh hén hop H ciia 4C c6 thé suy ra md hinh tuong duong cua 4C
nhu hinh v& (gia thiét bién do tin hiéu xoay chiéu du nho dé tai diém lam viéc da

chon BJT 1am viéc nhu mét phan tir tuyén ’tlnhhl _h U,

U _h11| +h12

| ,

Iy =yl +1yU,

1
—>

o [ o
Ul | 4c | |y, "
*—— ——e 5

0 <_icn:
"1 h,,
l"ﬁ * ghzz l‘fz
hiav, Y 'hE*l"'*l 2
b——0FE

h22 —

L

u
:hl’ :—1
u2
i2
=h, =2
Il
i
h, =2
u2

us

UZZO

i2:O

Tro khang vao khi
dau ra ngan mach

Do khuéch dai dién
ap nguoc hd mach

Hé s6 khuéch dai dong
thuan ngan mach

=0

i, =0

Do hd dan ra khi
dau vao ho mach

Tham s6 h s& duoc ky hiéu va tinh theo mdi cach mic BJT khac nhau

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é ﬂ BAI GIANG MON :
s twong dwong ctia BJT .

b. M6 hinh mach twong duwong Hybr}gd —1pach mic CE

C
3 1> : + 0+
l-» <_l A . ) — 4
U, 4C U, u N Uce
oY | K J l QE> U re <> hf iB h U
BE ‘T i BE e o FCE
® o
hy, = h, =~ e e "
17 Ve T i — e Tro khang tiép giap emitter
B luge =0
h12 _ hre _ Uge Chi su phu thudc ctia ugg vao Ugg,
Uce o h, rat nho thuong bd qua
i
_ _ ¢ —
blug =0 | 1 1
h22:hoe: ¢ :—:—:go
Uce

ig =0 rce ro

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é ﬂ BAI GIANG MON :
s twong dwong ctia BJT .

b. M6 hinh mach twong dwong Hybrid — mach mic CB,CC

—
«— -« -«
L 2 o | Ic | l
o« o c U c
EB

I
U.JJ,_ 4C _lL.Jz ’ Na lUCE JUCE U ’ |UEC
Uge | i | ' ac] WTI
® . ® B 9 ® c 9
(CE) (CB) (CCO)
Common-emitter Common-base Common-collector
h-parameters h-parameters h-parameters
hie hib = hie/(hfe + 1) hic= hie
hye hyb = hiehoel (hfe + 1) — hye he=1
hfe hip=—hfl(hfe + 1) he=—hge—1
hGE }"Db:hﬂé?fﬁ{}{ﬁ?ﬂ_ 1:) }"ﬂc:hﬂe

GIANG VIEN: ThS. TRAN THUY HA
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BAI GIANG MON :
twong dwong cua BJT

¢.Mo0 hinh twong dwong tin hiéu nho hybrid-r
- Dya vao cac phuong trinh dac tinh va tham sO X4c dinh trong ché do tin hi¢u
nhd, néu bé qua cac thanh phan tich dién, ta co thé xay dung mo hinh BJT ché
dd tin hiéu nho nhu hinh v& sau (mo hinh nay thuong dung cho BJT hoat dong
¢ tan so thap):

iy I
e B —
) '®)
s Il +
r
base collecto

Voe V,.i ol <y> ImVr o Vee

. (B-1p)

o e o
emitter
- : Vbe u7r
Tai diém lam viéc tinh: Q(Ugg/lg, Ucg, 1) l, = o
.\/ I V ] T T 1
r;z:'BZ'B Ty = C = fy == I = QnVbe T Vee

A

IC
d. . V, kT

|
C ro
IANG VIEN: ThS. TRAN THUY HA
THUAT PIEN TU-




P:DT BAI GIANG MON :
s twong dwong cua BJT

d. Mo hinh twong dwong r,
' C

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é :)T BAI GIANG MON :
s twong dwong ctia BJT .

BJT npn d. M6 hinh twong dwong r,
CE CB
ib | - - io: ic
B — -«— C
+ + vV
pre { Ic:aie e = ILh
E
: B

M4i quan hé giira cac tham sé ciia cac mo hinh twong dwong
(mac CE):

€ oe

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




g ﬁl GIANG MON :
]

CHUONG 6.

TRANSISTOR TRUONG - FET

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



L - FET (Transistor hiéu trng trvong .

6.1. Giéi thiéu chung vé FET

6.2. Transistor trwong loai tiép giap — JFET

6.3. Cau trac MOS

6.4. Transistor trwong loai cwe cira cach ly — IGFET

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é.r,,T . BAI GIANG MON :
. ¢u chung vé FET

- Transistor hiéu ung truong FET (Field Effect Transistor) la mot dang linh
kién ban dan tmg dung hiéu Gmg dién trd suat ciia ban dan duoc diéu khién
bang dién truong,day 14 mot loai cau kién diéu khién bang dién ap.

- Nguyén ly hoat dong co ban cua Transistor truong la dong dién di qua
mot moi trudng ban dan c6 tiét dién dan dién, dién tré suat hoic nong do hat
dan thay d6i dudi tdc dung cua dién truong vudng goc véi 16p ban dan do,
do d6 diéu khién dugc dong dién di qua n6. Lop ban dan nay duoc goi la
kénh dan dién.

- Khéc vai BJT, FET chi ¢d mot loai hat dan co ban tham gia dan dién.

- FET c0 ba chan cuc la cuc S, G, D.

BJT FET
E S Source | Cuc nguﬁn: cac hat din da s6 di vao kénh tao ra dong dién
5 nguon .
c G | Gate Cuec cira: cuc diéu khién dong dién chay qua kénh

D |Drain | Cwe mang: cac hat dan da so6 roi khoi kénh tao ra dong I

GIANG VIEN: ThS. TRAN THUY HA

THUAT PIEN TU-
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BAI w
cu chung vé FET .

Phan loai chung vé FET
- FET chia thanh cac loai theo cau tric cua cuc ctra va cua kénh dan nhu sau:

+ JEET (Junction FET) : Transistor hi¢u u:ng truong dleu khién bang chuyen
tiép PN, cuc diéu khién G ngin cach véi kénh dan bang ving nghéo cia
chuyén tiép PN phan cuc nguoc.

+ IGFET (lIsolated Gate FET) : Transistor hi¢u ung truong cuc cua cach ly
v6i kénh dan, dién hinh 13 linh kién MOSFET (Metal-Oxide-Semiconductor
FET) va MESFET (Metal-Semiconductor FET).

* MESFET: cuc diéu khién cach ly voi kénh dan bang ving nghéo cua
chuyén tiép kim loai-ban dan.

* MOSFET cuc diéu khién cach ly han v&i kénh dan théng qua mot lé’p
dién moi (SIOZ) bay modi dung la Transistor truong theo dung nghia cua
thudt nglr nay, vi chi co loai nay dong chay qua kénh dan méi duoc diéu
khién hoan toan bang dién tru:0’ng, dong dleu khién hau nhu bang khong
tuyét doi, trong khi do dong ro cua chuyén tiép PN hodc Schottky phan cuc
nguoc, chua hoan toan bang khong).

- Moi loai FET con duoc chia thanh loai kénh N va kénh P.

GIANG VIEN: ThS. TRAN THUY HA
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éﬂ BAI w
s éu chung vé FET .

* Mot s6 wu diém cia FET:

FET la loai linh kién mot loai hat dan (unipolar device).

FET c6 tro khang vao rat cao.

Nhiéu trong FET it hon nhiéu so véi Transistor ludng cuc.

FET khong bl dién ap tai dong 15 = 0, do d6 no 1a linh kién chuyén

mach tuyét voi.

C6 d6 6n dinh vé nhiét cao.

Tan s6 lam viéc cao.

Kich thudc ctia FET nho hon cta BJT nén ¢é nhiéu wvu diém trong IC.

* Mot s6 nhuoc diém:

- Nhuoc diém chinh ctia FET 13 hé s6 khuéch dai dién &p thap hon nhiéu
so vo1 BJT

GIANG VIEN: ThS. TRAN THUY HA
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)

stor truwong loai tiép giap - JFET .

6.2.1. Cau tao ctia JFET

6.2.2. Nguyén ly hoat dong cua JFET

6.2.3. Cac cach mac va ho dic tuyén cua JFET
6.2.4. Phan cuc cho JFET

6.2.5. Cac mo hinh twong duong cua JFET
6.2.6. Mot s6 ung dung cua JFET

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é i BAI GIANG MON :
7] X
\ ao caa JFET
. 5 5 .
G 1 ]
; G G L
) 7 € Z
NS\ Nt )
D Tt S : | b S
’_I Kénh din N Kénh N Kénh P Kénh dian P I_'
/ Y
| f
/j P+ x ] , ;/ é N+ é
Chuyén tiép P-N T

- JFET c4u tao gom:
+ Mot kénh dan dugc lam tir ban dan N (JFET kénh dan N) hoic P (JFET kénh dan
P), ¢4 2 dién cuc 2 dau Ia cuc nguodn S va cuc mang D.

+ Dién cyc thir 3 la cuc cong G, gifta cuc nay va kénh dan c6 mot chuyen tlep PN,
trong d6 mién ban dan cuc cong dugc pha tap manh hon nhiéu so véi kénh dan de
ving dién tich khéng gian (ving nghéo) cua chuyén tiép PN lan cha yéu vé phia
kénh dan.

- JFET hau hét déu 1 loai d6i xtng, c6 nghia la khi dau trong mach ta c0 thé d01 cho
hai chan cyc S va D cho nhau thi cac tinh chat va tham sé caa JFET khong hé thay
doi

GIANG VIEN: ThS. TRAN THUY HA
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. ao cua JFET .

JFET cong suat thap

.

JFET vé nhua

JFET cong suat cao

&

JFET vé nhua tdng hop véi diu JFET vé hoan toan bing kim loai
nhiét kim loai

GIANG VIEN: ThS. TRAN THUY HA
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.. BAI GIANGMON‘
s én ly hoat dong cta JFET .

- Nguyén Iy hoat dong ctua JFET kénh loai N va kénh loai P giéng nhau. Ching
chi khac nhau vé chiéu ctia ngudn dién cung cap la ngugc dau nhau.

- JFET duoc phan cuc sao cho ving chuyén tiép PN bao quanh kénh dan ludn
duoc phan cuc nguoc, va dong cac hat dan da so di vao kénh tao ra dong .

- Nhu vay ngudn phan cuc mac sao cho: véi JFET kénh n: Uge> 0 va Ugg <0
va voi JFET kénh p: Upg< 0; Ugs > 0.

D b

a) JFET kénh N "l ] b) JFET kénh P

G l— . G s
P, D
? Ubs ° " Yos
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s én ly hoat dong cta JFET .

- Trong phan nay ching ta s& trinh bay vé nguyén Iy hoat dong ctia JFET
kénh N, sau d6 suy ra nguyén ly hoat dong cua JFET kénh P.

- Do tic dung cua cac dién ap Ugs va Upg, trén kénh dan xuat hién 1 dong
dién (la dong dién tir voi JFET kénh N) hudng tir cuc D tdi cuc S goi la
dong dién cyc mang I,. Dong I c6 do 16n tuy thudc vao cac gia tri Ugg va
Ups VI d6 phan cuc ngugc cua chuyén tiép PN phu thudc mach vao ca 2
dién ap nay nén do dan dién cua kénh phu thudéc manh vao ca 2 dién truong
nay. Nhu vay vé co ban c6 thé ndi rang JFET 14 mot dién tré co tiét dién
thay doi duogc, va tiét dién ndy duoc thay doi boi dién &p diéu khién.
15=T(Ugs, Ups)

- Néu xét riéng su phu thudc cua |, vao tung dién ap khi giir cho dién ap con
lai khong do6i (coi 1a mot tham sé) ta nhan duoc hai quan hé ham quan trong
nhat cua JFET la; || D = fl(UDS)|UGS=const__> Dic tuyén ra

Ip = 12 (UGS)|UDS=const_—’ Dic tuyén truyén dat
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s én ly hoat dong cta JFET .

Piic tuyén ra ciia nJFET

| 10 T

D 2 S IDbh e

'&Ii 12 Tlp (MA)

(Ohmic Region)(Avalanche Region)
/| UV B |
! G

A

Vung 6m tinh  Vung danh thing

\

D

UGS Il

|

b

[

%

(d)

IANG VIEN: ThS

e~
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s én ly hoat dong cta JFET .

a/ Vung ohmic (Vung Triot): Khi Uy ting dan, I ting dan, lUc dau Ugg con
nhé, sut 4p ciia N6 gay trén dién tré kénh anh hwong khong dang ké dén do
rong ciia mién dién tich khong gian, nén I ting tuyén tinh theo Uy, viing
dwoc goi |4 vang 6m tinh, va 1am viéc giong nhw dién tré thuan.

b/ Piém thit A: Khi Uy ting 1&n 1am cho I 16n dén mirc sut ap do dong nay
gay ra trén kénh lam tiing dang ké dién 4p phan cwe ngwoc chuyén tiép PN
giita cwe G va kénh, mién dién tich khong gian lan sau vao kénh, lam cho
dién tré kénh ting dan, do d6 I ting cham lai, Néu nhu tiép tuc ting Uy
dén thoi diém Upe=U,, thi hau nhu |5 khong ting mic di tiép tuc ting
Ups. Piém Upe=U, duoc goi la diém that A, U, la dién ap thit cia kénh,
dong dién I ing véi diém thit goi |4 dong bdo hoa Iy,

¢/ Vung b&o hoa (viing lam viéc tich cue): Khi Uy tiép tuc ting vuot qua diém
thit A, Upe>Up, thi |5 hau nhw khong ting, 1,=1,,, do khi Uy ting viing
dién tich khong gian cang lan sau vao kénh va dién tré kénh cang tang Ién
ti 18 véi Uys, do @6 dong khong doi. Nhung gia tri dong 15, lai ting nhanh
theo Ugg.
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L én ly hoat dong cua JFET .

d/ Piém danh thing B: Khi Uy ting qua 16n, dién ap phan cuc nguoc giita G

va kénh ting manh, dén khi Upg=Uy,, thi hién danh thung theo hiéu ung thac lii

xay ra, do dé dong |y tang dot ngot khi Uy ting, Diém B goi 1a diém danh
thung, viing ngoai diém B goi la viing danh thung cua kénh.

- Ho diic tuyén ra cia JFET c6 dang nhw ’,.

hinh vé ben: ({fhg  Vung béo hoa i{

+ Khi Ugs &m dan, thi su phan cue nguoe %isohmlc JA BJ\C;S -
cia G va kénh cang ting, dién ap that T 1 Gidam dan ;
¢ 10 -05V .

Y

U, dé kénh dat téi diém thiat cang nhé,

dwong dit nét trén ho dac tuyeén noi cac 8 | _10V J
diém that véi nhau. 6 /- Vung
+ Twong tw, voi diém danh thing B, khi 4 | Da?nh
Ugs cang 4m viéc danh thing chuyén 2 . thun
e A > y °A 7 J , a
tiep PN xay ra som hon, dién ap danh 0 > Uo 65 8 10 b

thing cang nhé hon. Uss (V)
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s én ly hoat dong cta JFET .

Dic tuyén truyén dat caa nJFET

Iy 12 1 o (MA)
I = fl(U Gs )(UDS=const (mA) J
U / 12 |10 T ;A Ugs = 5
D Ds F DSS DS |~ oy iam da QY
10 8 ,'I : 1aIM dan G
G “D Uy ,],-OV / 4—8 -+ — <> B 815 g J\J
[: . ] o
ti B / 6| ;o ~10V JJ
Kenh N /e * a8
en / i —15V J
// 4 2+ )5
Usso / - 0 I I

- Piic tuyén truyén dat ciia JFET mo ta moi quan hé giira |, va dién 4p Uy ing
v6i mot gia tri nhat dinh ciia Uye. Dang dic tuyén truyén dat khi JFET lam
viéc & viing bdo hoa nhw hinh bén trai. Pic tuyén xuat phat tir mét gia tri U,
tai d6 1, = 0, goi la dign ap khod.. Khi ting U, | ting gan nhw ty 1¢ do do din
dién ciia kénh ting theo mirc dd giam phan cuwc ngwoc cia tiép giap PN. Luc
Ugs = 0, tai vung bao hoa Iy = lpgs , vay Ipgs la dong tinh ewe mang bao hoa lém

nhét (khi Uc=0).
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.. BAI w
s én ly hoat dong cta JFET .

: , Io (MA)
- Quan h¢ giira Iy va Ugs dwge Xxac
. 2 N : 12
dinh béi phwong trinh Shockley: Ups 7 10V/| IfSS
- PhlE’O’ng trinh Shockley: Upe| tiing /
Ugs ) Ups Ug ) [~VUing ohmic VAL
loss| =2/ 1— - 1- % /
Ugso /Uaso Usso / 0
I; =+
Ugs o : 3 // 4
IDSS(l_U—j n UGSO SUGS =07~ Vung bao Usso / )

GSO

hoa 3 2 -1 0 Ugs(V)

- Trong do: Ipsqla dong cwe mang bao hoa khi Ugs= 0, khi dé6 kénh mé rong
nhat va lGc nay |, dat gia tri 16n nhat ciia N6, Nén nhwr viy c6 nghia 12 I, 12
dong cwe mang cwe dai co thé dat dwoce cia JFET

- Ugg la dién ap khoa kénh hay dién ap ngit kénh, vi 1,=0 khi d9 réng ciia
kénh din biang 0, nén nhw viy c6 nghia la Ugg, 1a thé ap dit 1én cuc cong
lam cho JFET bit dau bi khod lai hoan toan.

- lpes VA Ugg 1a 2 tham s6 quan trong ciia JFET ding nhiéu khi thiét ké
mach.
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s én ly hoat dong cta JFET .

+ Céac ho dic tuyén ciia n-JFET

lo (MA) 15 o | P
i ) Uge = 0V BJ
10 ____I_D_SS_ e G

UpsF [l Toss 10 idm ds

10V / 8 3 |

Upss / 6 6 -

// . 4
7 2 2

Ugso / 0 '

l5ss>0 — Dong |, khi Ug=0V
U50<0- Dién ap khoa kénh

D - :
lID | bss _2[1_ Yes j Yos —(1— Ues J —\ung ohmic
G | = Usso /Uaso Usso
. D =) y )
e hSN IDSS(l__U GS ) khi  0<Ug <Ug, ‘—’VUHQ bio hoa
en L GSO
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s én ly hoat dong cta JFET .

+ Cac dac tuyén cua p-JFET 5 (MA
o (MA) LUGS =0V v, 1
Ipss ﬂ& B """"""" 1 IDSS
L osv 2
\ Giam dan Ugg T
\ Ll,OV |
N\ %
\\ Uss : ‘ Ups
0 U(ISSO . . ] UDS]_UPO 0
|5ss>0 — Dong Iy, khi Ugg=0V
D 1 Ucsp>0 - Dién ap khoa kénh
D ( 2
©. e _2(1_ Ues j Uos _(1_ Ues ] —\/ung ohmic
I _ GSO UGSO UGSO
S D =)

2
U : N . .
IDSS[]'_U = ] khi 0<Ugg SUGso——>VUﬂg bao hoa

GSO
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éT‘,,T BAI GIANG MON :
i < A o o
< ach mac mach khuéch dai cia JFE

-Ciing twong tu nhu BJT, JFET ciing ¢ 3 cach mac cha yéu 1a: Chung
cuc nguodn (CS), chung cuc mang (DC), va chung cuc cira (CG). Trong
d6 kiéu CS thuong dugc ding nhiéu hon ca vi kiéu mac nay cho hé sb
khuéch dai dién ap cao, trd khang vao cao. Con céac kiéu mac CD, CG
thuong duoc ding trong tang khuéch dai dém va khuéch dai tan sé cao.

(CS) (CD) (CG)
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( BAI GIANG MON :
Qﬂ cuwc cho JFET .

-Dm‘)?’ng tal tinh ci’l‘a JFET ciling duoc v& trén dac Euyé'n ra cua no.
biém lam viéc can xac dinh Q(Ugg, Ups, Ip). Diém lam viée tich
cuc can phai nam trén vung dac tuyén bao hoa.

- C6 nhiéu kiéu mach phan cuc khac nhau, phén tich, tinh todn mach
phéan ap cho JFET s€ duoc dua trén cac diéu kién sau:

+ Dong cuc céng rat nho, bo qua, col nhu cuc ctra hd mach

+ Dién dp Upg dui 16n de JFET lam vige trong vung béo hoa (ving
pinch-off), khi d6 I =1y~ const tng v4i moi gia tri Ugg Xac dinh.

+ Dic tl'nh’truyén dat s& dugc str dung dé phan tich theo phuong phap
do thi , két hop voi cac phuong phap phan tich mach KVL, KCL.

+ Str dung phuong trinh Schockley .

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é ﬂ BAI GIANG MON :
' cuc cho JFET .

a. Pinh thién dién ap cuc G c6 dinh (Gate bias/Fixed blas)

- Mach dinh thién nhw hinh vé: St dung ngudn ap E dé l |DD
phan cwc nguoe cho chuyén tiép PN giira cuc G va Rp

s C2

kénh dan. C1 —> Ura

- Tham S("i cua mach: EG— 2V; Ep= +20V Uvad—| @ Q1
RG

- Tinh diém Iam viéc tinh dé n6 nam giira dwong tai tinh. E.=

Tinh toan H
- Do I rit nhé nén: U= Eg=-2V. Ko (MA) N
- Pwong tai tinh: Ey- 15.R5-Ups=0 T
- Mat khac theo phwong trinh Schockley : 1
Iog= lbss (1-Ugs/Ves0)® = 0,92 mMA

- Q nam giira dwong tai: Upso=Ep/2=10V
- Véiy: Rp= (Ep-Upso)/1p0=10,8 kQ.

- Do phai dung 2 nguén va d6 6n dinh khong cao
nén mach phan ap nay it dwoc s dung.

GIANG VIEN: ThS. TRAN THUY HA
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é ﬂ BAI GIANG MON :
(P a cuc cho JFET .

b. Mach tw dinh thién (Sefl bias)
- Mach dinh thién nhu h‘lr]h vé: Sur dung m(f)f
di¢n tro thich hop mac noi tiép véi cuec S dé
cung cap dién ap cho cuc G. Ej= +20V, Tham
s0 cua JFET: Uggy= -3,9V; Ipss= SMA
- Tinh toan diém lam vi¢c tinh néu Upso=10V.
Tinh toan
+ Do I rat nhé nén bo qua , 15=0, nén I=Iy
+ Urs=ls.Rs=Ip.Rs

+ Ap dung KVL ta ¢d: Ugg+IpRg+1.Rg=0 Ups = 10V
= Ugs= - IpRs— Phuong trinh duong tai dau vao. Rs,
+ Néu chon diém 1am viée Q1 ¢6 Uggoy= -2V. a >
S1
— IDQ1= IDSS (1-UGSQ1/VGSO)2 - 0,92 mA Ql

| DQ1
Ugs (V)

= Rp= (ED'UDSQ)/IDQ' R = 8,63 kQ. Ugso=-3V U(IBSQl UGSQl
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é ﬂ BAI GIANG MON :
s cuc cho JFET .

c¢. Mach dinh thién tu cap
- St dung 2 dién tré phan ap R1, R2 tao ra dién ap dinh
thién cho cuc G. Cho Ey= +20V, Tham so6 cua JFET:

Ugso= -3,9V; Ipgs= SMA
- Tinh diém lam viéc tinh néu Upso=10V Uvao
Tinh toan
+ Do I rat nho nén bo qua , 15=0, nén I=Iy
— Uge=lg.Rs=I5.Rs
— Ug= Ep.R,/(R+R))
+ Ap dung dién ap vong KVL ta co :
Us-Ugs-lp-Rs= O(phuong trinh duong tai vao)
+ Néu chon 15=2mA
+ Ma Ip= lpgs (1-Ugs/Vgso)?
= Ugs= - 1,28V, Chon Ug<=0,1.E,

F2ZMA

UGS

— Chon R,=200KkQ, tinh tiép cac dién tro conlai...  Usso=3V Ussq Ussar

U™
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s nh twong dwong cia JFET .

a/ Mo hinh twong duwong 1 chiéu va tin hiéu lon
b/ M0 hinh twong dwong tin hiéu nhé
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s nh twong dwong cia JFET .

a/ M6 hinh twong dwong 1 chiéu va tin hiéu l6n

*lj N_JFET 4lj P JFET

a/ Mo hinh twong dwong JFET lam viéc ¢ vung bao hoa

e O + 40O o -
Ugs l Res [ @Kiloss J Ups Uy \ Res || @®Kilpss l Upe
+ O O - e o+
Z 2
< —[1- Yes K — (p@j
UGSO UGSO
b/ M6 hinh twong dwong JFET lam viéc ¢ vung ohmic I
D
- © O+ ’Vp‘ +0 — o -
<_I Rps = :
U D Dbh
> J RGSH E] Ros \ Yos Uss RGS[] H Rps Ups
+ O O - e o+
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s nh twong dwong cia JFET .

b/ Mé hinh twong dwong tin hiéu nhé tan thap

*{ N_JFET g = — 2l s *‘E‘P_JFET
UGSO

—OG oD —  © oD
gm ugs @ I:I r-d On = gmo[l_ UGS j gm-ugs @ I:I rd
| Usgso
S N S o——
g — DSS( UGSJ 2 IDS DSS
' GSO UGSO UGSO
ng—vm
ID
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0 mach wng dung don gian cua JFE .

+ B6 khuéch dai xoay chiéu dung JFET + Mach on dong dung JFET

o
@l L

L’
| DS(b: 0 hop)
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3.1 Cau trdic MOS trong diéu kién can bang nhiét
3.2 Cau tric MOS khi c6 dién ap phan cuc

3.3. Pic tuyén Q-V

3.4. Mot so hiéu tmg bac hai

3.5. Cac mo hinh dung cho linh kién MOS
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— Oxide (S10,)

77/ I R R Vi
metal _ 7 _
? mterconnect to gate ‘7/, ox = 3'9‘5‘0
.....,..‘f."?ﬁffffiifﬁfifffﬂf{ffifé....... G + |
ate oxide OB R ate (n* poly) RA —_
xide = i at mong!
£op =3 e\sf n* polysilicon gate 0
= t, ~1nm
\ Body (p-type substrate)k
v
p-typel] x
e =117¢, g =1171¢,

% /f//ffff{’fffffff//fffffff/fff/ V
/// metal interconnect to bulk /%
A7 7 7 7 AT I T T T TTTTT T )

- MOS = Metal-Oxide-Semiconductor: Cau trdc tu dién MOS gom c6
16p dién cuc kim loai phu nén 16p ban dan co nong do pha tap rat cao
(n+ hoac p+) twong duong nhu 16p “Metal” (Mién Gate), va 16p ban dan
nén (loai p hodc n)-16p Semiconductor (mién Body), giita chung co 16p
cach dién rat mong dung Oxide SiO.,.

- Lép kim loai “Metal” thuong dung 16p ban dan pha tap cao n+ hoic p+.

- Lép ban déan nén dung loai p ta ¢d cau trdc NMOS, néu ding loai n ta

OS. GIANG VIEN: ThS. TRAN THUY HA




{ /) BAI GIANG MON :
T ¢ MOS

: C‘érlu trac MOS da va dang la cong nghé chu dao tao ra cudc cach mang
ve linh vuc dién tir. CO rat nhiéu g dung dung cau trac MOS:

+ DUng trong nhiéu Vi mach tuwong tu va s6: MOSFET 14 phan tir co ban
trong ho vi mach CMOS.

+ Dung nhiéu trong cac vi mach nh: DRAM, EPROM. ..

+ Dung c¢6 céc thiét bi anh nhu camera CCD (Charge-Couple Device)

+ Dung trong cac loai man hinh chi thi nhu Man hinh ma tran tinh thé
long tich cuc...
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BAI GIANG MON :
wong cia nMOS trong dieu kién ca

- M6 hinh cau tric nMOS ly
twéng nhu hinh vé. (;"f?;l}?s”

+ Mién kim loai “Metal” (Mién J

Gate) khong tao thanh mot cemiconductor—
vung tich dién ma no6 chi tich - oxide | (p type) contact

dién trén bé miit.

+ Lop oxide 1a chat dién moi, | | S

cach dién hoan toan, khang tich “tox 0 X

dién.

+ \/Ung ban dan nén (Mién Body): c6 thé hinh thanh ving dién tich khdng
gian.

- Piéu kién can bang khong thé dugc thiét 1ap théng qua 1op oxide nén
can phai c6 day dan chuyén dién tich gitra 16p kim loai va 16p ban dan.

GIANG VIEN: ThS. TRAN THUY HA
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BAI GIANG MON :
wong cia nMOS trong dieu kién ca

‘ T1og pg, Ny :

N D DB DN R Na

_OX \-l/- i @ @ @ @ i l v EOX W
JolcRlicRicRle B ' '

_____________________________________

@ |on Donor +

® lon Acceptor - i ' 5
-tox 0 Xdo X

- Qua day dan s& c6 sy khuéch tan dién tir tir mién kim loai G sang mién ban dan
B va 15 trong tir mién B sang mién G, chiing tai hop véi nhau.

- Nhu vay Mién B sé tich dién -, mién G tich dién +, gitta chiing hinh thanh dién
truong E,, huéng tor G sang B. Dién trudong nay lam hinh thanh 16p dién tich
duong ngay dudi day ciia mién G va mién dién tich &m trong mién B ngay dudi
16p oxide (Do E,, cuon dién tir va 16 trong nguoc véi dong khuyéch tan)

- Mién dién tich — trong mién ban dan tao ra mot ving chuyén tiép c6 do rong

X4 Ngay sat 16p oxide.

GIANG VIEN: ThS. TRAN THUY HA
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) BAI w
ruong cua nMOS khi dwgec phan cuc .

VGB
Fan
b

"metal”
(n* polySi)

J

i semiconductor
oxide
CDI‘lta ':t l::p t'_'prJ Cnnta .:t

Khi c6 dién ap phan cuc Ugg dat vao nMOS, tuy theo gia tri dién ap phan cuc
Ugg VUNg dién tich khong gian thay déi va cé thé ton tai & cac trang thai khac
nhau.
- Khi co dién ap phan cwe, dién thé ndi dit qua cau trdc MOS thay doi tir
b = PgtUgg
- Do lép oxide cach dién nén dong dién tai bat ky vi tri ndo trong cac 1ép ban dén
J=0, nhw vay Jgi = -Jgigr.
- Tai bién giira 16p oxide va ban dan, Dién trwong phia l6p oxide E_, va dién
trwong phia ban din nén E; ludn thea man diéu kién sau:
Eox/Eg=3

GIANG VIEN: ThS. TRAN THUY HA
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\ ruong ciia nMOS khi dwgc phin cuc .

- Khi Ugg>0, G “hut” dién tir tw do va “day” 16 trong, nhu vay
ving chuyén tiép s& dugc mo rong.

- Nguoc lai néu Ugp<0, cuc G “déy” dién t& va “hut” 16 tréng,
nhu vay ving chuyén tiép sé& thu hep

- Nhu vay tuy theo dién &p phan cuc ma cau trdc MOS c6 thé ton
tai & cac trang thai nhu sau:

+ Trang thai bang phang (Flatband): Ugg= Urg = -0g
+ Trang thai tich Iuy (accumulation): Ugg< Ugg

+ Trang thai chuyén tiép (depletion): Ugg < Ugg< 0
+ Trang thai chuyén tiép (depletion ): 0< Ugg < Uq
+ Trang thai ngudng (threshold): Ugg = U-

+ Trang thai dao (inversion): Ugg > U+

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




el ruong cia nMOS khi dwgc phin cuc .

Trang thai bang phiang (Flatband): Ugg= Urg = -0g

Uce=Ves= -¢5<0 | Qs (Vs =Ves) =0
® _

Body (p-type substrate)

-Khi dat dién ap phan cuc UGB—VFB -$5<0, di¢n ap phan cyc bu vai hi¢u
dién the ndi ¢g, CO tac dung cudn dién tur tur mién B sang mién G, dién tich
ctia CAC mién G va B giam dan dén bang 0, va cac ving tich dién bién mat.

-Véi dién kién phan cuc nhu vdy MOS c6 dai ning lugng bang phang
“flatband”. Dién ap Vg goi dién ap flatband.

-Mat d6 dién tich mién G: Qc(Vee) = 0.

- Tru:cmg hop nay ban dau dong cudn do Ugg tao ra ngugc chiéu va do l1én
bang v4i dong khuéch tan.

GIANG VIEN: ThS. TRAN THUY HA
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s ruong ciia nMOS khi dwgc phin cuc .

+ Trang thai tich luy (accumulation): U g< Uy

QG = Cox (VGB _VFB)
Uss<Ves pummmmmeen

+++++tt
Qs =|Qs|

Body (p-type substrate)

(+) Lo tréng

(-) Dién tu tu do
- Néu dién ap phan cuc giam nho hon Vi, cau tric nMOS giéng nhu tu
dién 2 ban cuc song song. Mién G tich dién — (dién tich do dién tir tu do tao
ra), mién B tich dién + (dién tich do 16 trong tao ra)
- Mat d¢ dién tich ctia mién G:

Qs = Cpx (Vee —Vis)
C.x - mat do dién dung cta ty MOS

- Truong hop nay ban dau dong cuon do Ugg tao ra lon hon va nguge chiéu
dong khuéch tan.

GIANG VIEN: ThS. TRAN THUY HA
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s ruong ciia nMOS khi dwgc phin cuc .

+ Trang thai chuyén tiép (depletion): Ugg < Ugg< 0

Qs (Ves) = Qs @® lon Donor +
@O>UGB>VFB * ololololole ® lon Acceptor -
h©©©®©®© QB :_qNaXd (VGB)
Body (p-type substrate)

+ Tuong tu nhu 6 dleu kién can bang nhiét, mac du UGB<O nhung do
UGB>V -5 NEN van ton tai _dong khuech tan dién tir tr mi€n Kim loai G sang
mién ban dan B va 10 trong tur mlen B sang mlen G qua day dan va vuot
qua dién thé ctia ngudn cung cap. Nhu vay Mién B sé& tich dién +, mién G
tich dién -, glu'a chung hinh thanh dién truong E_, hudng tor G sang B.
Dién trudng nay lam hinh thanh 16p dién tich dlIO’Ilg ngay dudi day cua
mién G va mién dien tich am trong mién B ngay dudi 16p oxide tao ra mot
ving chuyén tiép co do rong X ngay sat 16p oxide

+ Truong hop nay ban dau dong cudn do Ugg tao ra nguoc chiéu va nho hon
dong khuéch tan.

GIANG VIEN: ThS. TRAN THUY HA
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s ruong ciia nMOS khi dwgc phin cuc .

+ Trang thai chuyén tiép (depletion ): 0< Ugg < Uy

QG (VGB) - _QB
0<Vos

_________________________________

Body (p-type substrate)

+ Khi 0 < Ugg < Uy, trong ty nhu trudng hop Ugg < Ugg< 0, Vung chuyén tiép duoc
hinh thanh ngay sat lop oxide c6 do rong duoc mo rong hon. Mién tich dién + dugc
hinh thanh phia day cua mién G ngay séat 16p oxide va mién dién tich - duge hinh
thanh phia dinh cua mién B ngay séat 16p oxide. Dién tich am tao ra do céc lon
Acceptor — va nong do dién tr ty do tang lén.

+ Khi Ugg tang thi vung chuyén tlep cling dugc md rong.

+ Tai Vung chuyen t1ep phla mlen B — ban dan p, khi Ugg ting nong do dién tir ting
dan, nong do 16 trong giam dan.

+Truong hop ndy ban dau dong cuén do Ugg tao ra cing chiéu véi chiéu dong khuéch
tan

GIANG VIEN: ThS. TRAN THUY HA
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s ruong ciia nMOS khi dwgc phin cuc .

+ Trang thai nguwong (threshold): Ugg = Ut

4,
yos :VT#
€ D, |

_____________________________

Body (p-type substrate)

- Khi ting Ugg, tai mién dién tich chuyén tiép trén dinh mién B, nong do
dién ttr taing dan, nong d6 16 trong giam dan.

- Khi Ugg =U; tai dinh cia mién B nong dién tir bang nong do 16 trong &
viing ban dan can trung hoa n(0)=N,, con nong 16 tréng bang nong do6 dién &
ving ban dan can trung hoa p(0)=n2/ N, Trang thai nay goi la trang thai
ngudng - Ban dan da bat dau chuyén tir loai p sang loai n.

- Dién &p U duoc goi la dién ap ngudng.

GIANG VIEN: ThS. TRAN THUY HA
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s ruong ciia nMOS khi dwgc phin cuc .

+ Trang thai ddo (inversion): Ugg > U+

4,
yos :VT#
(ﬂ (D + B+ H () ()

Body (p-type substrate)

7~ ~
(Lop dao hat dan, twong dwong ban dan n)

- Khi Ugg>U+ nong do dién tir tu do tai bé mit cia mién ban dan B
tiép giap véi 16p oxide ting 16n hon N,, trang thai dao hat dan xay
ra. Lop dién tir tai bé mit duoc goi 12 16p dao, ban dan tai d6 tuong
duong ban dan n

- Nong do dién tir tu do tai bé mat duoc diéu ché theo dién ap Uge,
néu Ugg tang thi n(0) ting => dién tich cua 16p dao Q, ting.

GIANG VIEN: ThS. TRAN THUY HA
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s ruong ciia nMOS khi dwgc phin cuc .

Tong két vé cac trang thai ciia ciu tric MOS

M O S (p-type)
= T
= N -
Vee<VEg : E accumulation
- +
Vep=Vre ,I flatband
M =R
Vep<Vep<0 q o E’;i depletion
+ !
A 2% .
-— +1" !
Vgg=0 10 2 zero bias
o al
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ruong cua nMOS khi dwgec phan cuc .

Tong két vé cac trang thai ciia cau triic nMOS

_—E_ 2% : bi
Vear=0 H o zero bias
GB & -Erggi
SRR -
Y e e depletion
0<Ves<VT ¥ |ead
oo E‘E Feogb |
Vep=VT e G0l threshold
D e 29 i
S PeRee ! - erei
Ve VT - 206 eol inversion
B3 oo

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



éT}LTrAI GIANG MON :
h b ° vd r
L tor trudong loai cuc cira cach ly — IG .

6.4.1 Cau tao va nguyén |y hoat dong ctia MOSFET loai kénh dat
san (Depletion Type MOSFET- DMOSFET)

6.4.2. Cau tao va nguyén ly hoat dong ctia MOSFET loai kénh cam
ung (Enhancenment Type MOSFET- EMOSFET)

6.4.3. Cac cach mac va ho dic tuyén cia MOSFET
6.4.4. Phan cuc cho MOSFET

6.4.5. Cac mo hinh twong duong cia MOSFET
6.4.6. Mot s6 tmg dung cia MOSFET

GIANG VIEN: ThS. TRAN THUY HA
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L ao ciia MOSFET .

- MOSFET la loai linh kién dién hinh trong ho FET ¢6 cuc cira G cach ly.
MOSFET vé co ban 6 cau tao dua trén cau tric MOS nhu sau:

+ Trén dé ban dan (ban dan nén B), ngudi ta tao ra 2 ving ban dan khac véi
ban dan nén. Vi du loai nén loai p, thi tao ra 2 viing ban dan loai n+ cach
nhau moét khoang nhat dinh, 2 ving ban dan n ndy dugc dan ra ngoai
thanh 2 dién cuc S va D.

+ \VUng ban dan giita S va D hodc bang cach pha tap (MOSFET kénh dit
san) hodc do thién &p trong khi hoat dong (MOSFET kénh cam tng) bao
gio ciing ¢6 loai hat dan dao so véi dé. Ving nay duogc goi 1a ving kénh
dan, nhu vay tic 1 bao gio ta cling c6 mot chuyén tiép p-n gitra dé va
kénh dan.

+ Phia trén kénh dan nguoi ta pha 16p dién moi méong (SiO,), va trén 16p
dién moi nay phu tiép 16p kim loai tao ra dién cuc G cuia MOSFET, G
duoc cach ly hoan toan véi kénh dan, twong tu nhu cau trac MOS.

GIANG VIEN: ThS. TRAN THUY HA
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LT ao ciia MOSFET .

+ MOSFET thuong c6 thém dién cuc tht 4 goi 1a cuc dé B (substrate), cuc dé
(cuc nén) ngin cach voi kénh dan bang chuyén tiép p-n nén ciing cO thé
ding né nhu mot cuc dicu khién nita bén cach G. Tuy nhién tich chat diéu
khién cua cuc B thuong khong duoc st dung va n6 thuong dugc noi tat voi
cuc nguon.

- Ngoai ra, MOSFET con dugc phan loai theo cach tao ra kénh dan nhu sau:

+ D-MOSFET (Deplection MOSFET): MOSFET kénh dit san (MOSFET
kiéu 1am ngheo). Kénh dan duoc ché tao san 1a loai ban dan khac vai béan
dan nén. Pién ap giita cuc G va cuc S 1am nghéo mot phan kénh dan (twong
tu nhu JFET).

+ E-MOSFET (Enhancement MOSFET): MOSFET kénh cam ung
(MOSFET kiéu 1am giau), kénh dan chua duoc ché tao trude. Kénh dan sé
duoc tao ra khi dién ap dat Ién cuc G thich hop va cé gia tri 16n hon dién ap
ngudng nao do thi s& tao 16p dao hat dan phia dudi cuc cong, 16p hat dan
dao nay tuong tu nhu mot kénh dan noi cuc S va D.

GIANG VIEN: ThS. TRAN THUY HA
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ﬁl GIANG MON :
ao cia MOSFET

D-MOSFET E-MOSFET
i [ s— T | e T I
n+ Kénh dan ()| q+ . S_I S | |n+ n+
o | D
Substrate (p) GJ EI} GJ E+ Substrate (p)
‘ B S S : B
.S T G D. El BI .S T G D.
% (ﬂ , B GJ e
p+|Kénh dan (p) D+ §| 'g| p+ p+
— D BI -
Substrate (n) G |5 GJ :4 Substrate (n)
‘B s ‘B

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



ao cia MOSFET .

MOSFET vo nhya

MOSFET cong suit cao

MOSFET v6 nhua tong hop véi MOSFET v6 hoan toan bing kim
. . loai

GIANG VIEN: ThS. TRAN THUY HA
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(5" BAI GLANGMON‘
s guyén ly lam vig¢e cia MOSFET .

- Nguyén Iy hoat dong cia MOSFET kénh loai N va kénh loai P giong
nhau. Chlng chi khac nhau vé chiéu cua ngudn dién cung cap la nguoc
dau nhau.

- MOSFET duoc phan cuc sao giita dé (cuc B) va kénh tao ra viing chuyén
tiép nghéo bao quanh kénh dan, va dong cac hat dan da so di vao kénh tur
cuc S va ra khéi kénh tir cuc D tao ra dong I

- Nguyén Iy hoat dong co ban ciia MOSFET Ia cuc cong G két hop voéi 16p
dién moi nam dudi n6 va kénh dan ban dan nam dudi 16p dién méi chinh
la cau trdc tu dién MOS. Dién ap diéu khién tac dung Ién cuc cong sé tao
ra mot dién trudng lam bién thién néng do hat tai tu do trong kénh dan,
hodc thiét dién ctia kénh dan, do dan cia kénh s& thay doi. Dong dién Iy
phu thudc va di¢n ap Ugg va Ups. Dac tuyén quan trong cua I\/IOSFET
cling 1a dic tuyén ra va dic tuyén truyén dat tuong tu nhu JFET.

- Pic tinh cia MOSFET vé co ban tuong tu dic tinh caa JFET nhung c6
nhiéu diém wu viét hon.

GIANG VIEN: ThS. TRAN THUY HA
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y lam vi¢éc cua D-MOSFET .

- Trong D-MOSFET bang cong ngh¢ da ché tao san kénh dan bén dudi
cuc G, dién ap cuc G diéu khlen dong gitra cyc nguon va cuc mang
bang cach lam nghéo mot phan kénh d6 (thiét dién cia kénh bi thu
hep), twong tu nhu JFET. VI khi D-MOSFET hoat dong kénh dan da c6
san dong dan lai nén D-MOSFET con duoc goi 18 MOSFET thuong

mo.

- Thong thuong cuc nen B duoc ndi tit voi cuc nguon S. Nguon phan
cuc sao cho chuyén tiép PN glu:a cuc ban dan nén va kénh dan luén
phan cuc ngugc, dong hat da so cia kénh dan di ra ¢ cuc D.

2) D-MOSFET =t b) D-MOSFET D 1=
kénh N G | l 5 kenh Pg | ' D
R —I—3 R
® .‘_l UDS D UDS D
¢S ¢S
— Ucs + E+ Uss —
E. +_--_ T E G — _--_+ Ep
o J_ o I
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( /7 BAI GIANG MON :
T lam viéc cia D-MOSFET

D-MOSFET kénh n lam viéc theo 2 nguyén ly sau:

+ Nguyén Iy ton hao: Khi Ug<0, nhitng dién tich duong s& duoc cam ung vao kénh dan n,
nhitng dién tich duwong nay trung hoa bét dién tir trong kénh n va hinh thanh mot ving chuyén
tiép nghéo hat dan tai kénh ngay phia dudi cuc G lam cho dién tré ciia kénh tang Ién, dong I
giam xuodng. Ugg cang giam thi viing chuyén tiép cang mé rong va | cang giam. Sy thay doi
dién tré kénh dan do cic hat dan moi cam tng ra boi dién truong cuc G da trung hoa bét hat
dan von c6 ctiia kénh — do dién tich trai dau nhau — nghia la 1am ton hao hat dan.

V&i Ugg=const, khi Up ting dan thi viing chuyén tiép PN giita B va kénh phan cuc nguoc lan
sau hon vao kénh va ving chuyén tiép nghéo hat dan ciing s& mé rong, kénh s& bi that dan vé
phia cuc D. Bic tuyén ra ctia D-MOSFET ciing tuwong tu nhu cua JFET. Cau tric MOS gitta G
va kénh l1am viéc & trang thai chuyén tiép

+ Nguyén Iy ting cuwong: Khi Us>0, khi 4y dudi tac dung cta dién truong cuc G céac dién tir
duoc cam tng vao kénh din 1am ting nong do cua dién tir trong kénh dan do d6 1am giam dién
tr& suat ctia kénh. Néu U, tang thi | cling s& tang. Cau tric MOS giita G va kénh 1am viéc o
trang thai tich luy.

V&i Ugg=const, khi Up ting dan thi viing chuyén tiép PN giita B va kénh phan cuc nguoc lan
sau hon vao kénh, va nong do dién tir trong kénh ciing giam dan vé phia cuc D, nhu vay kénh
cling sé& bi that dan vé phia cuc D.

GIANG VIEN: ThS. TRAN THUY HA
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é o BAI GIANG MON :
h N A A r 33 °A
\a T lam viéc theo nguyén ly lam viéc

Léb chuvén tié <0 1 Vung danh thing
([))p Y& IUGIIi . 12 T1p (mA) (Avalanche Region)
0] A Uge<OV B
. % . N :
e ] o[/ .
Z ?}W ,-"'5” T E\ < N4
n Y 6| / I\ Ving baghoa
4
Substrate (p) T

@) : B i U — A—
. Ugs<0 /G .2 P éb\ <6O 8 1(\ 1G2.UDS (Y)GS<O
D — I s_—D — 7% — s

=

Z

Z

I
-+,
G G

Substrate (p) Substrate (p)

UDS|=T§ 5 (@
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BAI GIANG MON :
T lam viéc theo nguyén ly tang cuc

Lop dién tich U >0 12 -

, - Ge ~lp (MA) Ugs>0V
tich Qly —] g 10 A BJ
Dbh 7"~ , !
A
6 | i< Vung bao hoa f
4

t i E i i
@) 5 >0 / 2 Up 4 \ 6
G T G
S D
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ac tuyen caa D-MOSFET kénh n .

I, (MA) Ip (MA) _ .
| I Viing Ohmic Uss=+1v g | B¢
, -Dmax b SR d?
[ Chédy giau
| nghéohd | Ugs =0V J)_l hd
IDSSE """"" !
Z____ _______EL _________________ —10V 4\7—/ Ché
4 X do
L —2V ngheo
Usso Ugso ! hd
3 =2 -1 0 U 4% 6 8 10 12 Ups (V)

— Vung béao hoa
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ac tuyeén cia D-MOSFET kénh p .

2
I, = IDSS(]-_[LJJGS] Khi Uggpmin SUgs SUggol — Vung bao hoa

GSO
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BAI GIANG MON :
y lam viéc cua E-MOSFET .

- Trong E-MOSFET (MOSFET kénh cam tmg, MOSFET kiéu lam giau hat dan)
khong O san kénh dan gitta S va D ma kénh dan nay s€ duogc tao ra khi dat
dién ap 1én cyc cong thich hop 16n hon gia tri dién ap ngudng nao do Uy thi s¢
6 sy tao thanh 16p dao hat dan ngay dudi cuc cong tao thanh kénh dan nbi
gitra S va D (twong tu nhu cdu tric MOS trong trang thai dao). Vi kénh dan chi
duoc tao ra khi c6 dién ap trén cuc G nén loai MOSFET nay con goi la
MOSFET thuong mé’

Théng thuong cuc nén B duge ndi tat voi cuc nguédn S. Nguon phan cuc sao
cho tao thanh 16p dao hat dan tai ban dan nén, dong hat da s6 cua kénh dan di

ra ¢ cuc D.
a) E-MOSFET D 1 b) E-MOSFET 1 |
kénh N GI,_IID kenhP |'|:1| 5
@ R o r R
_F_l UD D UDS D
)\ $S
E >0 = Yo > L+ Ec<0[ [Yes -
S I 1S _Eo +| +Eo

1= 1
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O/ ra cia E-MOSFET kénh n
(&)
Uss>U>0 E e 11 (ma) Viing dénh thiing
* < 10 (Avalanche Region)
—] 1
D s QT A Up>Us Bﬂ

C Ipkg =} . >\ :
nHooloao ||| STew. /¢

i Vung béao hoa
© ©|Lép dio | LO @I 4+ 5 . L
“pLé'p lhuyén tiep \: i (Pinchaff Region) |
Substrate (p) ’ ’

B t 5 0 2 Up i\ 6 8 \10 12 Ups (V)
I ™
n+Hoo oo oln+ nHoo oo o+ n+ %o oo ot
oo Lo w W
Substrate (p) Substrate (p) Substrate (p)

A UDS<U*p 5 (b) R UDS:Uip ® () 4=UDS>Up* 5 (d)
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ic tuyén cia E-MOSFET kénh n

( ﬁl GIANG MON :

I, (mA)
Iz}}.: dac tuyeén

uyén dat

- N W AR UV O N ®
[

A, (mA)

Ho dic tuyén ra

VGS =48V

Vs =+1V

VGS =+6V

Vos=+5V

VGS= +4V

VGS =+3V

=]

20 25
VGS = VT= 2 V

A

S

+ Khi Uge<U; - dién ap ngudng, kénh bi khod hoan toan (chua hinh thanh kénh

cam ung): 5= l,,=0.

+ Khi U<Ugg = const, néu Upg >U,, thi I, =lp,,=const
+ Bicu thure tinh 15 theo Ugg tai vung bado hoa thuong dugc tinh nhu sau:

Iy =K.(Ugs _UT)2

k: hang so kénh/k = % £.C..

W, L do rong va
chiéu dai cua G
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ac tuyéeén cia E-MOSFET kénh p

Al (mA) Al (mA)
—8 8 Vys=~6V
—7 7
— 6 6
—~.5 5
Vos=-5V
—4 4
—3 3
—12 2 Ves=—4V
1! 1 Vog=—3V
I | | . .
-6 -5 -4 -3 -2 -1 0 1% 0
G3 Vie=V=2V =
A GS™ YT UDS
(b) (c)

+ Khi Ugs>U; - dién ap ngudng, kénh bi khoa hoan toan (chua hinh
thanh kénh cam ung): 1= 15,,=0.

+ Khi Ugg<U;<0, néu -Upg >U, thi I, =Ip,,=const

+ Biéu thuc tinh I theo U, tai viing b&o hoa thuong duoc tinh nhu sau:

W

| D= k(U s _UT )2 K= ﬂypcox C,y: Dién dung cua MOS

GIANG VIEN: ThS. TRAN THUY HA
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fg- [Hh fn =f.!'

I DSS
UGSO

UGS )2

ID — IDSS(l_

UGSO

h

EH e —— e —— —— E‘——
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é o BAI GIANG MON :
s ién cho MOSFET .

- V61 MOSFET lam viéc ¢ ché do xung so thu’O’ng duoc phan ap dé Chung
lam viéc ¢ ving dic tuyén khoa hoan toan va ving ohmic hoic gan bdo
hoa.

Khi MOSFET lam viéc ¢ ché do tich cuc (ché do khuech dai tin hiéu) thi
chiing duoc dinh thién dé 1am viéc ¢ ving dic tuyén bdo hoa.

- Trong phan nay chu yéu tinh todn mach dinh thién ¢ MOSFET lam viéc
& che do tich cuc.

- Khi tinh toan mach dinh thién s dung cac gia thiét sau: 15=0, Khi
Ugs=const, dong I5=1pep,=const mic du Upg thay doi.

a. Cac cach dinh thién cho D-MOSFET:

+ a.1/ Ty dinh thién

+ a.2/ Binh thién cuc cong

+ a.3/ Pinh thién bang mach phan ap

b. Cac cach dinh thién cho E-MOSFET

+ b.1/ Pinh thién bang mach hoi tiép

+ b.2/ Pinh thién bang mach phan ap

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




BAI GIANG MON :
L ien cho MOSFET .

a.1/ Mach tw dinh thién D-MOSFET
ED
20V
RD
£6.2 kQ

It Y

Ugso=-8V

e
—

Rg 1Mo Rs im kQ

GIANG VIEN: ThS. TRAN THUY HA
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Xac dinh diem lam viéc Q

- 2
________ ~———1Ip =17mA
Do

+1

1
| (. . -

-8 -7 -6 -5 -4 -3 2 -1

Ves , =—43V
GS,

P

|
01 2 Vss

UGSO



BAI GIANG MON :
L ién cho MOSFET .

a.2/ Pinh thién biang mach phan ap cho D-MOSFET

18V
I (mA)
| 0 ::
31wMQ T
. !

h—| Uggo=-3V

)
EWMQ 7500
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BAI GIANG MON :
ien cho MOSFET

a.3/ Pinh thién cuc G c6 dinh

20V
Ry 15k

D

VP=—4 v

Vo3 — ¢S
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BAI GIANG MON :
ien cho MOSFET .

b.1/ Pinh thién cho E-MOSFET bing mach hoi tiép

Voo
Voo ‘ID
RD RD
j—

0D —0 D

s ¥
¢ i I’
Vit‘r H ¢ G l" VDS

: Ic=0 : '-I _

Vs 93

Ucs = Ubs
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s ién cho MOSFET .

+ Pic tuyén truyeén dat

IVD
il Vgs= 10V, Ip=1176 mA
nr
0
9_
8
7_
Ipon) == 64 -==== == e '
it |
i+ |
3 |
2 Vas=16V,Ip =216 mA
1k |
O o I 5
0] 12345678910
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é ﬂ BAI GIANG MON :
s ién cho MOSFET

b.2/ Pinh thién cho N E-MOSFET dung mach phan ap

T Vop
R
j v Ve = VDD( R: j
R, R1+R2
P |
IG=0A k= = 2
C - I (VGson - VasTh)
f lo = k(Ves - Vesth)®
VGS —-98§
R,

GIANG VIEN: ThS. TRAN THUY HA
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BAI GIANG MON :
ien cho MOSFET .

b.2/ Dinh thién cho N E-MOSFET dung mach phan ap

I 40V
3kQ
22 MQ IDQ
r D
2N4351
Vesamy =35V
? g VDS ID (on) =3 mA
+ e at VGS (on) =10V
Vesg — o
18 MQ
0.82 kQ
i iR
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A twong dwong cua MOSFET .

a/ Mo hinh tuong duong mot chiéu va tin hiéu 16n
b/ M0 hinh twong duong tin hiéu nhé

Xét truong hop cwe S va B noi tat

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



twong dwong cua MOSFET .

a/ M6 hinh twong dwong 1 chiéu va tin hiéu lén
+ Mo hinh twong dwong D-MOSFET lam viéc ¢ vang bao hoa

O O + O O -
Ucs J Reas @K-lDSS Ubs Ucs | Res ['] @)K lpss \ Ups
O O - O o +
2 s 2
< —[1- Yes =1
UGSO \ Ucgso
+ Mo hinh twong dwong D-MOSFET lam viéc ¢ vung ohmic
O O + ’\/p‘ O O -
Rps = |
U Dbh
e J RGSH E] Rps \ Ups Ucs RGSH H Rps Ups
O O - O o+
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ON: KY THUAT PIEN TU-



twong dwong cua MOSFET .

a/ M6 hinh twong dwong 1 chiéu va tin hiéu 16m

+ Mo hinh twong dwong E-MOSFET lam viéc ¢ vung bao hoa

o =k.Ugs _UT)2

+ Mo hinh twong dwong E-MOSFET lam viéc ¢ vung ohmic

O | o + Ry, l\/p‘ O | o -
U Dbh
GSJ RGSH Rps \ Ups Ugs J RGSH Rps J Ups
© O - O o +

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



,_/'_ twong dwong cua MOSFET .

b/ M6 hinh twong dwong tin hiéu nhé tan thap

- M0 hinh tuong duong tin hiéu nho cia MOSFET xac dinh moi quan hé
gitra tin higu xoay chi€u bién d¢ nho trong JFET: iy, Uy

- C4c phuong trinh dic tinh twong tmng dé xac dinh cac md hinh twong
duong cua MOSFET:

+ T_éng quat :

Ib = f(?uGS’uDS) =15 +1g = T (Ugs +ugs’UDS + Ugs)
+ Gia str diem 1am viée Q(Ugg,Ups, 1)
: of of
— Id — a ugs + 8 uds — gmugs + gduds
uGS Q uDS Q

+ 0., - D0 ho dan vao, g, - D0 ho dan ra

GIANG VIEN: ThS. TRAN THUY HA
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twong dwong cua MOSFET

é ﬂ BAI GIANG MON :
_/'_

M4 hinh twong duong tin hiéu nhé tan thap cia D-MOSFET

+Po ho dan ra : : 2
’ _ Olpg | 1_ Ugs
gd o a DSS U V
Ups Q GSO o An
o n b e 1AL A ou 1 V
+ Dién tro vi phan dau ra: =r=—05 =~ —_"A
alD Q gd ID

+ M6 hinh twong dwong tin hiéu nhé tan thap ciia D-MOSFET

—oGQJl?}

OnUss® |

] rq

S &——

_2|DSS
Omo = —
° Ugso d%
U G S
O D gm:gmo(l_ues J °D
GSO
OmUgs@® || 1g
g :_2|033£1_ UGSJ:Z IDS'IDSS
' Ucso Usso —Ugso S &
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.—/.— twong dwong cua MOSFET .

+ M6 hinh twong dwong tin hiéu nhé tan thap cia E-MOSFET

J oI

—0 O D

—0 O D

OnUgs® [] 1q OmUgs ®  |] g

S &——

s ¢ o 21,

— OUps

1 1 A : Heé s6 diéu ché
ST
D

o 9u Alp chiéu dai kénh
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CHUONG 7.

THYRISTORS




( /7 BAI GIANG MON :
</ eu chung

- Thyristors la mot ho cau kién ban dan cong suat dugc st dung nhleu trong linh
vuce dién tr cOng suat, dleu khién cong suat diéu khién nguodn dién, diéu khién toc
d6 0 t0, diéu khién den tat - sang, diéu khlen mo to dién mot chiéu v.v..

- Thyristors 1a ho cau kién ban dan duoc cau tao tur bon 16p ban dan, vi du nhu p-
n-p-n, tao ra ba lop tiép giap p-n:J1,J2,J3 va co thé ¢6 2, 3 hoic 4 chan cuc, O thé
dan dién 1 chleu hodc ca 2 chiéu.

- Pay la loai cau kién hoat dong & trang thai bén 1a khéa va trang thai mé' tly
thudc vao tinh hoi tiép du’ong cua 4 16p ban dan p-n-p-n

- Ho Thyristor ¢d nhiéu loai cau kién khéc nhau, dién hinh nhu:
+ SCR (The Silicon Controlled Rectifier): Cau kién chinh luu Si ¢6 diéu khién.
+ TRIAC (Triode Alternative Current): Cau kién chinh luu 2 chiéu.
+ DIAC (Diode for Alternating Current).
+ GTO (Gate turn-off thyristor).
+ FET-CTH (FET-controlled Thyristor).
+ IGCT (Integrated Gate Commutated Thyristor) .
+ MTO (MOS turn-off Thyristor)

+ IGBT (Insulated Gate Bipolar Transistor)...

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




: BAI GIANG M(‘)lj : \
au kién chinh luu Si c¢o dieu khién

7.2.1 CAu tao cua SCR
7.2.2 Nguyén ly lam viéc
7.2.3 Pac tinh cua SCR
7.2.4 Ung dung

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é o BAI GIANG MON :
A ”
</ tao ciia SCR

-SCR la mdt cau kién quan trong A
trong ho Thyristors, SCR hay con e—
duoc goi 1a ho cau kién chinh luu ¢

diéu khién thuong duoc lam tir vat

liéu Si nén con goi 1a cau kién chinh e Cathode
luru Si c0 diéu khién (SCR-The Silicon ADH?
Controlled Rectifier Devices). . o
, , ~ Inx ate
- SCR cau tao tir bon lé’p ban dan p-n- . ,1[ P1 N1 P2 NZJ_J_K
p-n (goi 1a P1-N1-P2-N2), tao ra ba ™ 1 32 33 -

16p tiép giap p-n: J1,32,J3, c6 ba cuc:
anode A, cathode K, cuc cong diéu
khién G nodi vao P2.

- C6 2 loai: SCR quy udc (Goi tat la N1
SCR) va SCR kiéu bu (Cuc G ndi vao — -

Wnz ~ Lp Wp3 ~ Ly

N1, loai nay it duoc dung). c2.250um) (e 25 pm)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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é ok BAI GIANG MON :
\ n ly lam viéc

- SCR c6 thé dwee coi

nhr twong dwong 2
BJT: PNP va NPN
mic nhw hinh vé.

- Pé xét nguyén Iy hoat

dong cua SCR, xét
mach nhw hinh vé:

C B E
G T T T LT
Ge|l
(I G!
A Jfe!
A K'!
]
[
-VBr l

Mién dan thuan
I increasing

Mién chan

\ngu’()’c

—1 —> VAK
Miéen chan thuan

Mién danh thiing nguoc
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é o BAI GIANG MON :

s n ly lam viéc .

Dic tuyén V-A thé hién hoat dong cia SCR nhu hinh v& va dugc chia thanh
4 vung ro rét:

1. Phan cwe ngwoe U,<0, SCR c6 thé coi nhu 1a 2 diét phan cuc ngugc
mic ndi tiép J1, J3. Khi Uak cang giam thi dong qua SCR nhanh chong
bang dong bio hoa ngugc (bing dong bdo hoa nguoc cia cac diot), SCR
lam viéc & “Mién chan ngwoc” hay trang thai khda “OFF”.

Néu giam U, quéa nho (U,c<-Ugg) thi 2 chuyén tiép J1,J3 bi danh thing
theo co ché thac 1t va xuyén ham, dong danh thung tang vot co thé lam
héong SCR. Vung lam viéc nay goi la “Mién danh thing ngwoc”.

2. Phan cwe thuian U, >0, Xét cac truong hop sau:

a. Cue G hé, 15=0, J1, J3 phan cuc thuan, J2 phan cuc nguogc, khi U,, con
nho dong Il nhé va duge quyét dinh chu yéu bai dong bdo hoa nguoc
cua J2, I5=1,=I, dugc goi la dong do thuan, SCR lam viéc & “Mién chin
thuan” (hay SCR & ché do trd khang cao, trang thai khoa “OFF”).

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é ﬂ BAI GIANG MON :
. n ly lam viéc

- Néu tang dan U, 1én dén dién &p danh thing tiép xuc J, thi dong dién qua
SCR ting vot. LUc nay ca 3 tiép xtc P-N déu coi nhu duoc phan cuc thuin,
dién tro cia chlng rat nho l1am cho sut &p trén SCR giam han xudng con
khoang tir 1 + 2 V. LGc nay SCR da chuyén tir trang thai khoa sang trang
thai md “ON”, hay trang thai dan dién hoic & ché do trd khang thap, mién
lam viéc ctia SCR goi 1a “Mién din thuin”. Phuong phap mé SCR bang
cach tang dién ap phan cuc thuan U, goi la phuong phap kich mo.

- Trong trang thai mo, dong dién qua SCR duoc han ché nho dién tro mic &
mach ngoai va 1,>1, - dong choét (dong dién nho nhat trén Andt yéu cau deé
duy tri SCR & trang thai md), nhu vay khi SCR chuyén sang trang thai mo
thi khéng can dong diéu khién lg. Tri s6 dién &p ma tai do xay ra danh
thing tiép xdc J, dugc goi la dién ap dinh khuyu Ug, - cOn duoc goi la dién
ap kich mé.

- Nhu vay, khi SCR di dan dién thi dong dién qua né khong thé diéu khién
duge néu dong 1, 16n.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




( BAI GIANG MON :

- Theo so do tuong duong, khi ting Uy t6i gié tri nhat dinh lam dong
ngugc g, ting (khi J2 bét dau bi dénh thung), ma Ig,= 1oy, khi g, 16n
hon dong m¢& cho Q2 thi Q2 s&€ mo lam cho I, tiép tuc tang, ma lg,=
o, nhu vay Iy tlep tuc tang, qua trinh nay xay ra theo mét vong Kin,
két qua 1a du diéu kién gay ra sy danh thung J2 mat di (khi U, giam)
thi qué trinh ciing van tu dong dan téi Q1, Q2 mé hoan toan, nghia la
SCR m¢ hoan toan.

- Khi SCR d3 md& hoan toan thi néu dién ap phan cuc thuan U,y giam
nhé hon dién ap kich mé thi dong I, cling giam nhung SCR van mo, va
SCR chi ngung dan khi dong dién 1, bi giam xudng dudi tri s6 dong
dién I, - goi la dong dién duy tri va tuong ung voi dong |, ta co dién ap
duy tri U,,.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



é ﬂ BAI GIANG MON :
. n ly lam viéc

b. Cwe G c6 dong diéu khién, |,#0:

- Néu dién &p thuan dat vao SCR U Ak Nhé hon muc dién ap kich mo
Ugg, Va gitta cuc G va K dugce dat dién ap Ug>0, tao ra dong I da 16n
lam mo Q2, va qua trinh xay ra theo mot vong kin tuwong tu nhu trén va
lam cho Q1 moé nhu vay SCR duoc mé hoan toan.

- bién &4p mé SCR Ug thuong la mdt xung cd bién do du lon, sau khi
SCR m& mo gilt nguyén trang thai nay cho du xung mé Ug khong con
nita, mudén cho SCR chuyén tir trang thai md sang trang thai khoa phai
lam cho dong lg;, g, giam nho hon dong mé cua Q1, Q2, diéu nay co
thé thuc hién dugc bang 2 cach sau:

+ Giam nho dién ap thuan U,,, do d6 1, sé giam dan téi IB2 giam nhé
hon dong mo cua Q2 lam cho Q2 khoa, dong 1-,=1g, cling giam di lam
cho Q1 khoa, két qua la SCR khoa hoan toan.

+ Tao dién ap Ug <0, lam cho I, giam lam cho Q2 khéa, dan téi Q1
cling Khoa, do d6 SCR ciing khoa hoan toan.

GIANG VIEN: ThS. TRAN THUY HA
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é ﬂ BAI GIANG MON :
. n ly lam viéc

- Neu ta tang dong dieu khién Ig; < Ig, < lgg thi dién &p dinh khuyu Ug:
cting giam tir Ugg, dén Ugg, va khi I = g3 thi SCR dan dién nhu mét
diot.

- Khi U,y thuan tang I8n thi dong dicu khién can thiét dé khoi dong SCR
s€ giam xudng.

Cha y: Khi SCR khda, muén né mé tré lai co thé thyc hién bang 2 cach:
+ Tang dién ap phan cuc thuan U, vuot qua gia tri dién ap kich mo
+ Kich khéi bang xung diéu khién mé U>O0.

GIANG VIEN: ThS. TRAN THUY HA
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é ﬂ BAI GIANG MON :
. n ly lam viéc

- Tinh dong 14, I trong trang thai mé:
+ Theo so d6 mach tuong duong ctia SCR ta thay, khi SCR dan dién thi
qua nd co dong dién tir A dén K va gitra cac tiép xuc P-N cua 2 BJT Q, va
Q, c0 cac dong dién vao va ra:

lcr = gz va gy = gy

Ma dong collector cia moéi BIT la: 1o, =oyly + gy
lco = ol + lepo:

Trong do o, va o, 1a h¢ so khuéch dai thac 1 alpha (s6 nhan thac 1i).

+ Dong dién tong qua SCR Ia:

In =y + lep = oyla + ol + leger + lepoz (1)
Trong do ta co: lcgor + leger = lego
lcg, 12 dONg dién nguoc bdo hoa cua tiép xc J2.
+ Mat khac 1=l ,+I;thay vao (1) va rat gon ta co:

GIANG VIEN: ThS. TRAN THUY HA
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é o BAI GIANG MON :
. n ly lam viéc

In = (oplgt loge)/[1-(0y + ay)]

+ Néu I;=0ta co :

In = lego/[1-(ay + o))

+ Hé s6 khuéch dai ctia hai BJT hé nén nho. Nhu vay, trang thai dan bén
vitng dat dugc la do ca hai BJT roi vao ché do bdo hoa dé dat dugc diéu
kién o, + a, = 1.

+ Nhu vay, khi a, + o, = 1 thi dong dién ting vot va khong diéu khién
duoc, n6 tuwong tmg véi tiép Xac J, phan cuc thuan. Lic nay, SCR dan
dién va c6 nghia la ca hai BJT Q, va Q, déu dan b3o hoa, twong ung
v6i SCR & ché do mo "ON".

+ Trén thyc t&, khi dat dién ap U, ndo do 1én SCR thi chi c6 dong dién
ngugc chay qua SCR, con dong diéu khién | s& tao ra mot thanh phan
dong dién ma khi tong cac hé so khuéch dai kiéu thac 1i cia dong dién
a, +a, = 1 thi SCR s€ khoi dong.

GIANG VIEN: ThS. TRAN THUY HA
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é o BAI GIANG MON :
i n ly lam viéc

+ Khi cho mot dong dién vao cuc diéu khién G, nd cd thé ting hé so o

(hé s6 tang kiéu thac 1ii) ma khong

phu thudc vao dién ap va dong dién.

Nhu vay, dong I c6 tac dung gia ting hat dan thiéu so (dién tir) cho
16p ban dan P, dé cho tiép xlc J, bi thdng sém hon. Tuy theo tri s cla
dong I ma dién ap danh thung tiép xuc J, va tri s6 dong dién duy tri I,

thay doi. Khi I c6 gia tri cang 16n

thi Ugg cang nho va |, cang nhd.

- Vi du mach chinh luu cé diéu khién pha minh hoa hoat dong ctia SCR:

D> D Uy
| /N o
U Rt |U, ol ® m\/ | \
o |11 ] 4 el B
' U '~ :
D t D f\ i’\ o

o, T
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s nh ciia SCR .

Thoi gian mé va tat rat nhanh (vVai pu s dén chuc ps).
Cuong do dong cho phép cao (hang nghin Ampe).
Dbién ap lam viéc cao (hang nghin VVon).

Sut ap gitta 2 cuc nho (tr 1 + 2V).

Kha ning diéu khién tot.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




7.3.1 CAu tao cua TRIAC
7.3.2 Nguyén ly lam viéc




S 20 cua TRIAC .

- TRIAC (TRIlode for Alternating Current) la phan tir ban dan gom nim
16p ban dan, tao nén cau trdc p-n-p-n nhu & SCR theo ca hai chiéu giira
cac cuc Al va A2, do d6 c6 thé dan dong theo ca hai chiéu giira Al va
A2. TRIAC c6 thé coi tuong duong véi hai SCR mac song song nguoc

nhau.
Ao
As
A2 K1 i T l Az “
. Gi
B/ ANV S
G Aie ® K5

. 1 o o
Ay

G Ar
GIANG VIEN: ThS. TRAN THUY HA
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http://upload.wikimedia.org/wikipedia/vi/f/f0/Triac2.png

é T‘,,T) BAI GIANG MON :
/i r A Y oA
P én ly 1am viéc

- bic tinh Volt-Ampere cia TRIAC bao gom hai doan dic tinh & goc phan tu
thtr nhat va thir ba, méi doan déu giong nhu dic tinh thuan cia mot SCR.

- Phwong phap kich khéi cho TRIAC:
+ Cuc G duong va cuc A2 duong hon so voi Al
+ Cuc G am va cuc A2 am hon so voi Al

- TRIAC cho qua 2 nira chu ky
ciia mét dién ap xoay chiéu va
diéu khién bang mét cuc diéu
khién G.

Vung chan thuan !

GIANG VIEN: ThS. TRAN THUY HA
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s — Diode for Alternating Current .

- DIAC ¢0 cau tao hoan toan giong  a,
TRIAC nhung khoéng cé cuc diéu
khién G.

- DIAC dugc kich md bang cach ting
dién ap dat vao 2 cuc.

- Pic tuyén cua DIAC tuong tu cia

TRIAC trong truong hop 15=0.

"y

E o

Ay

GIANG VIEN: ThS. TRAN THUY HA
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( BAI GIANG MON :
T ate turn-off thyristor)

' A

- GTO c6 céu tao twong tu nhu SCR, ciing ¢0 4 16p

ban dan p-n-p-n, nhung cau tao dic biét sao cho so
d6 twong duong voi 2 BJT Q1, Q2 c6 do khuéch dai G }
dong B kha nhé. K

- Vi GTO véi cau tao 2 BJT ¢6 B kha nho nén khi muon kich cho GTO
khoa thi phai tao ra mét dién ap phan cuc am trén G dé kéo dong I, tu
cuc cong ra de lam khoa Q1, va kéo Q2 khoa theo.

- Nguyeén tic nay chi 4p dung cho GTO ma khéng ap dung cho SCR vi
SCR dugc ché tao v6i 2 BJT ¢0 B rat 1én nén dong I kich mé ¢o gia tri
nho nhung dong kich d& SCR khoa can |5 nguoc kha 16n, dieu nay kho
thuc hién trong mach diéu khién.

- Pbi v6i GTO dé thuc hién duoc nguyén Iy kich khéa nguoi ta chi ché
tao cac loai GTO cOng suat trung binh dé c6 dong I, va I5 khdng 16n
1am. Gope=la/lgoe ~ 10
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LT OR DON NOI (UJT - UNITJUNCTION T .

Céu tao ciia transistor don néi.

UJT 1a linh kién ban dan c6 mot tiép xdc P-N va 3 chan cuc. N6 gom mot
thanh ban dan Silic loai N ¢6 gan thém 1 miéng ban dan Silic loai P dé tao
thanh mat tiép xdc P-N.

Chan cuc ndi véi mau ban dan P goi 1a cuc phat E. Hai dau con lai cua
thanh Silic loai N duoc dua ra 2 chan cuc goi 1a Nén 1 ( ky hiéu B1) va
Nén 2 (ky hiéu B2).

52T B B
RBZ JI:%:R
. 4 °
SIQ@E% Than Ueer? UEl/+ IUBB
E J Si(N) E D _¢- B .
l E 0 of
RBl |1 |1
B, +#'™= L 'I+
Bl
Bl

Hinh 6- 10: a) Céu tao; b) Ky hiéu; ¢) So dd nguyén 1y; d) so' do
twong duwong cua UJT ; e) bo tri chan cwe ciaa UJT
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LT OR DON NOI (UJT - UNITJUNCTION T .

Nguyén ly lam viéc ciia UJT.

Trong so d6 twong dwong, diot dwoc thay thé cho tiép xic P-N; Ry, 1a dién tré

ciia phian ban din nén 1; Ry, la dién tré ciia phan ban din nén 2.

Pé cho tranzito don noi hoat dong, cap dién 4p dwong cho B, so véi B, (Ugg > 0).

Nhu viy, néu hé mach cue phat thi Rg,va Rg, 1a bd phan ap cho nguén Uy . Do

dé, dién 4p tai diém O sé l1a: . . .
UgRy, Re., n  goi la hé so thuan

= :]7U — oA
°"R,,+R,, TTR., +R,, khit

Néu U <m Ugg (Ug < Up) thi tiép xtc P-N (diot D) dwge phan cwe nguoe va
qua no chi c6 dong dién ngwec I, rat nhé. Ta co ving ngit ciia dic tuyén V-A
-Up >n Ugg, tiép xuc P-N dweec phan cuwe thuin, dong | e tang dan. Khi U > Up
(U, goi la dién ap kich khéi cho UJT hoat dong hay goi Ia dién ap dinh) thl dong
[ tang nhanh Duwéi tac dung ciia dién truwong, cac 16 trong chuyen dong tur cuc
phat E xuong Nén 1 (B,), con cac dlen tir chuyén dong tir Nén 1 dén phan phat
tao nén dong dién I.. Do su gia tang 0 at ciia CAC hat dan trong Nén 1 nén dién
tré Ry, giam trong khl dong dién I ting va dién ap U gidm nén ta c6 vung dién
tré Am cia dic tuyén von- ampe.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




LT OR DON NOI (UJT - UNITJUNCTION T .

Dic tuyén Vén-, Ampe biéu thi quan he gifra d‘(‘)ng dién cuc phat Iz voi dién ap trén
cuc phat Uz. Moi quan hé¢ nay dugc bi€u dien bang ham Iz = f(Ug)
Néq cuc nén 2 (,Bz) hé mach, nghia la dong Ig,=0 thi quan h¢ V-A 161 vao la dic
tuyén V-A cua ti€p U)(l'JC P-N:

1. =1 Levf 11 va ta c6 dudng dic tuyén ung véi lg,=0 trong hinh
Qua hinh 6-10 ta'thay, khi thay doi di¢n &p dat 1n gitta nén 1 va nén 2 (Ugg) thi dién
ap dinh (U,) cling thay doi theo va dua dac tuyén dich 1én trén.
Tai vung dién trd am, dong dién ghi bi gidi han boi cac linh kién mac & mach ngoai,
do d6 mach ngoai phai bao dam dé dong dién I¢ < lg.,
Khi ¢ tang dén I, muén tang thém dong Ig 1én nira ta budc phai tang Ug Vi S(f) luong
10 trong va dién tir da dat dén tinh trang di chuyén bao hoa, dac tuyén chuyén sang

EO

vung dién tré duong. 14 JRE)
12 T=25°C
U, 10
Ugg=10V
Hinh 6-11: Diic tuyén Vén — Ampe ciia I\ Uy =5V
uJT A =——— =
M | |82§0

| | | | |
edr2 4 6 8 10 12 14 16 I(MA)
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CHUONG 8.

CAU KIEN QUANG



ﬁl GIANG MON :

1 Giéi thiéu chung
2. Sw twong tac giira vat chat va anh sang
3. Vat liéuquang
4. Céc cau kién chuyén d6i dién - quang
4.1 Piot phat quang (LED)
4.2 Mt chi thi tinh thé 1éng (LCD)
5. Cac cau kién chuyén doi quang - dién
4.1 Pién tro quang
4.2 Diot quang
4.3 Transisto quang lwéong cuc
6 Thyristor quang
7. Té bao quang dién va pin mait troi
8. Cac sensor quang:Cau kién CCD, ...
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i <
L ieu chung

1. Khai ni¢m chung vé ky thudt quang dién tir.
a. Pinh nghia vé k¥ thuit quang dién ti:
Quang dién tir | nhirng hiéu tng twong ho giira birc xa anh sang va mach dién
tir. Btrc xa anh sang 12 mot dang cta btrc xa dién tir ¢6 dai tan sé6 dao dong rat
Cao(A: khoang 50nm dén khoang 100um).
Cac birc xa quang dwec chia ra thanh ba vung la:
— Vung cuc tim c6 A = 50nm <+ 380nm.
— Vung anh sang nhin thay c¢6 A = 380nm -+ 780nm.
— Vung hdéng ngoai ¢6 A = 780nm + 100um.
b. Phén loai linh kién quang dién ti:
— Linh kién quang dién tit gdm c6 linh kién ban dan quang dién tir va linh
kién khong ban dan quang dién tu.
— Linh kién ban dan quang dién ti: 1a nhitng linh kién duogc ché tao tir vat
liéu ban dan nhu dién tré quang, diot quang, tranzito quang, LED, LASER
ban dan,v.v..

— Linh kién khong phai ban dan quang dién tir: nhu soi quang dan, mit chi
thi tinh thé 16ng LCD, ong nhan quang v.v..

GIANG VIEN: ThS. TRAN THUY HA
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BAI GIANG MON :
i€u chung

2. Hé thong truyén din quang

So d6 khoi ciia cac hé thong théng tin:

Mach phat Soi dong Mach thu
tin hiéu _ | Mach dién Khdi diéu @) Khoi giai Mach dién | tin hiéu
— ¥ , > £ A £ > , >
to ché di€u che to

a) Hé thong thong tin dién

Mach phat Soi quang Mach thu
t h-A N PR FOPIR R t h-,\
&» Machv dién L . Kh;(.)l bién O Kh;(.)l bién L . Mac}{ dién ﬂ

to doi E-O doi O-E t

b) Hé thdng thong tin quang
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U KIEN BIEN DOI PIEN — QUANG (Céu Ki¢ .

8.2.1. Sw twong tac giira anh sang va vit chdt

Su tuong tac gitta anh sang va vat chat gom c6 3 qué trinh: quéa trinh hap
thu, qua trinh phat xa ty phat va qua trinh phat xa kich thich (Xem hinh 8
2a,b,c).

hd E 3.’.' E E;
hfic > I l\/‘l hfic hf’k\/ﬂl\/& hf'
E. 3 E.
© ° °
a) Qua trinh hap thu b) Qua trinh birc xa tu phat ) Qua trinh birc xa kich thich

hf = E, —E, E;: Mirc nang lwgng Kich thich
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h
_‘/._ U KIEN BIEN POI PIEN - QUANG (Cau Kié

- Qua trinh hap thu:
Qua trinh hap thy (hlnh 8- 2a) la qua trinh ma tai do khi c6 mot photon tuong | tac

v6i vat chat thl mot dign tor ¢ muc nang lu’(mg co ban E, s¢ nhan thém nang
lugng cua photon (quang ning) va nhay 1én mic ning lu:Ong kich thich E..

- Qué trinh phat xa tw phat:

Burc xa tu phat (hinh 8-2b) la qua trinh ma cac dién tir nhdy lén mic nang lugng
kich thich E,, nhung Chung nhanh chong tr¢ vé muc nang luong co ban E, va
phat ra photon cO nang luong hv. Moi mot phat xa ty phat ta thu dugc mot
photon.

Hién tugng nay xay ra khong co su kich thich bén ngoai nao va dugc goi la qua
trinh phat xa tu phat Phat xa ndy dang hudng va cé pha ngau nhién.

Qua trinh phat xa kich thich:

Néu c6 mot photon co nang luong hv t6i twong tac voi vat chat ma trong lic do6
c6 mot dién tir dang cOn & trang théi kich thich E,, thi dién tir ndy duoc kich
thich va ngay 1ap tic n6 di chuyén tr¢ vé mirc nang luong co ban E, va phét xa
ra mot photon khac CO néng luong cling dung bang . Photon méi phat xa ra nay
c6 cung pha voi photon di dén va duogc goi la phat xa kich thich (hay phét xa
cam tng). Xem hinh 8-2c.
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~ 8.2.2. Vit liéu bdn dan quang

- Vat liéu ban dan quang chil yéu I cac loai hop chat ban dan 2 thanh phan
nhom 111-V va nhém 11-V, hop chat ban dan 3 va 4 thanh phan.

- Chat ban dan 2 thanh phan nhom I11-V: duoc st dung pho bién trong

cac ung dung quang dién tir do no 1a ban dan c6 ving cam truc tiép (ving
cam thang): Ban dan cd day ctia ving dan va dinh ctia ving hoa tri cling
nam trén mot gia tri s6 séng (trong khdng gian dong luong) Loai ban dan
nay co dic tinh quang tot, dién tr tai gan day cua ving dan co thé dé& dang
tai hop truc tiép véi 16 trong gan dinh cta ving hoéa tri, ning luong tai hop
c6 thé duoc phat xa ra photon anh sang (hién tuong tai hop bic xa hay burc
xa tu phat.
+ Chat ban dan 2 thanh phan nhém 11-V duge hinh thanh boi su to hop
gitta nguyén to nhoém 1l nhu Al, Ga, In véi nguyén t6 nhom V nhu N, P,
As, Sb. C6 9 loai hop chat ban dan 2 thanh phan pho bién nhu sau: AlP,
AlAs, AISh, GaP, (GaAs, GaSh, NnP, InAs, InSb) — viing cAm thang).

GIANG VIEN: ThS. TRAN THUY HA
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= U KIEN BIEN DOI DIEN — QUANG (Cau ki€ .

+ Hop chat ban din 3 thanh phan: Puoc hinh thanh tir 2 nguyén to ctia
nhom 111 véi 1 nguyén to nhom V hodc tir 1 nguy@n to nhom 11 véi 2
nguyén t6 ciia nhom V: vi du Al Ga,  As (c6 tinh chat nam giira AlAs
va GaAs phu thudc vao ti 1& tron cac thanh phan X — ti s6 ciia C4C
nguyeén tir Ga & trong GaAs da duoc thay thé boi cac nguyén tir Al

+ Hop chat ban din 4 thanh phan: Hop chat duoc hinh thanh tir 2
nguyén t6 nhom Il véi 2 nguyén t6 nhém V, loai ban dan nay c6 su to
hop mot cach dé dang, t6t hon so v&i ban dan 3 thanh phan, vi ching
cung cap mot do ty do 16n hon. Vi du In,Ga, ,As, P, ti I€ tron.cac
thanh phan x, y thay doi glua Ova l.

- Do thi biéu dién hang sé6 mang, ning lugng ving cam, tan sO cat cla
mot s6 loai ban dan don, hop chat 2 thanh phan, 3 thanh phan va 4
thanh phan nhu trang bén:

- (Vi ban dan c6 d6 rong ving cam la E thi tan s6 cat (hodc bude song
cat) la: A.=hc/E, trong d6 ¢ 1a van toc anh sang.

GIANG VIEN: ThS. TRAN THUY HA
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é ﬂ BAI GIANG MON :
s at quang (LED) chi thi .

- Piot phat quang la linh kién ban dan quang dién ti. N6 co
kha nang phat ra anh sang khi c6 hién twong tai hop xay ra
trong tiép xuc P-N.

o Tuy theo vt liéu ché tao ma ta c6 anh sang birc xa ra & cac
vung bwéc song khac nhau.

Trong muc nay ta sé trinh bay truwéc hét vé LED bire xa ra &nh
sang nhin thay goi 1 LED chi thi. LED chi thi c6 wu diém la
tan so6 hoat ddng cao, kich thwée nhé, cong suat tiéu hao nhé,
khong sut ap khi bat dau lam viéc. LED khong can kinh loc ma
van cho ra mau siac. LED chi thi rat ro khi troi toi. Tuoi tho ciia
LED khoang 100 ngan gio.

GIANG VIEN: ThS. TRAN THUY HA
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s at quang (LED) chi thi .

a. Cdu tao va ky hiéu ciia LED:

Chuyén tiép PN

~—| P N
A l/h K

Vat liéu ché tao didt phat quang déu la cac lién két ciia Cac
nguyén to thudéc nhom 3 va nhom 5 caa bang tuan hoan
Mendéléep nhw GaAs, hoac lien ket 3 nguyén to nhw GaAsP v.v..
Day la cac vat liéu tai hop trwe tiep, cO nghia la sw tai hop xay ra
gitra cac dién tir ¢ sat day dai dan va cac 10 trong ¢ sat dinh dai
hoa tri.

GIANG VIEN: ThS. TRAN THUY HA
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at quang (LED) chi thi .

Cac cau truc cua LED:

1 S T2
] |
Dome LED e 2| epitaxial layer | s
N n type
ohmic  diffused substrate Planar LED

contacts  P-type -
ohmic contacts

. LED vom va LED phing dwge sit dung trong phan lén cac thiét bj
hién thi véi loi ich 12 rat dwee lwgng anh sang cwe dai tir thiét bi dé =>
anh sang dwec phat ra theo tit ca cac huéng va sir dung cac ong kinh
dwoc sap xép theo trat tw nhat dinh dé héi tu anh sang.

- Burrus LED va LED phat xa canh chii yéu dwee dung trong cac hé
thong thong tin sei quang

GIANG VIEN: ThS. TRAN THUY HA
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s at quang (LED) chi thi .

b. Nguyén ly 1am viée: |<|/
N ‘ —
LED I
Vin R Vout

© l o

« Khi LED phan cwe thuin, cic hat dan da s6 khuéch tan o at qua tiép
xuc P-N, ching gap nhau sé tai hop va cac photon dwoc phat sinh.

* Toc d¢ tai hop trong quéa trinh birc xa tw phat nay ti 1 véi nong do
dién tir trong phan ban din P va nong dj 16 trong trong phan ban dén
N. Py la cac hat dén thiéu sé trong chit ban dan. Nhw vy, dé ting so
photon bire xa ra cin phai gia ting nong do hat dan thiéu so trong cac
phan ban dan.

 Cuwong do dong dién cia diot ti 1é voi nong d6 hat dan dwoc "'chich”
vao cac phan ban din, do d6 cwong d9 phat quang cia LED ti 18 voi
cwong do dong dién qua diot
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s at quang (LED) chi thi .

« Pién 4p phan cwe cho LED gan bang @ réng ving cam cia vat
liéu, do dé, cac LED birec xa & cac buwéc song khac nhau sé dwoc
ché tao tir cAc vat liéu ban dan co d6 réng ving cam khac nhau va
dién ap phan cwc cho chung ciing khac nhau.

e Tuy nhién LED c6 dién ap phan cwe thuin twong déi cao (1,6 v +
3 V) va c6 dién ap nguge cho phép twong doi thap (3 v +5 V)

Dic tuyén VOn - Ampe ciia LED:
Pic tuyén VOn - Ampe cia diét phat quang biéu dién moi quan hé
gitra dong dién quang véi dién ap dat I1én LED. '

Ugguqc max / -
( O UD IJAK
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GIANG MON :

A 5
s at quang (LED) chi thi .

Mt s6 loai LED chi thi:
LED don: linh kién m¢t LED.

LED déi: dung cho nhirng wng dung dac biét

ETZXN STZ;/ CZ

ZAAVAN

o,
lg LED 1

a)C4u tric cua LED 7 doan

LED 2

a)C4u tric cua LED 7 doan A chung
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L hong ngoai

Cac hé thong thong tin quang yéu cau toc do bit xap xi 100 dén 200Mbit/s cung
soi quang da mét voi cong suat quang khoang vai chuc pW thi cac diét phat
quang ban din thwong & c4c ngudn sang tot nhat.

Cau tao ciia LED hong ngoai co ban 1a giong cac LED chi thi. Pé birc xa anh
sang hong ngoai, LED hong ngoai dwoc ché tao tir vat liéu Galium Asenit
(GaAs) véi dp rong ving cam E; = 1,43 eV twong ng véi bire xa bude song
khoang 900nm.

Hinh 8- 8 md ta cau truc ciia mét LED hong ngoai bire xa anh sang 950nm.

-Do dic diém cau tao dic biét nén LED hdong ngoai
R r~esonm  tao ra anh sang nam trong ving hong ngoai. Ngoai
| + 7 7 ra, nhimg tia c6 huéng di vao trong 16p ban din sé
gip gwong phan chiéu va bi phan xa tré lai dé di ra
ngoai theo cung mt hwéong. Viéc nay sé€ tang hi¢u
suat mot cach dang ké cho LED.
Tia hong ngoai cO kha ning xuyén qua chat ban dan tot
hon so véi anh sang nhin thay nén hiéu suat phat cia
LED héng ngoai cao hon rat nhiéu so véi LED phéat anh
sang mau

GIANG VIEN: ThS. TRAN THUY HA
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Nguyén ly lam viéc:

Khi phan cwe thuin cho diot, cAc hat din da so6 s& khuéch tan qua
tiép xuc P-N, ching tai hop véi nhau va phat ra birc xa hong
ngoai. C4c tia hong ngoai birc xa ra theo nhiéu hwéng khac nhau.
Nhitng tia hong ngoai cO hwéng di vao trong cac 16p chat ban
dan, gip guwong phan chiéu (mit mai nhin) sé dwoc phan xa tré
lai dé di ra ngoai theo ciing hwéng véi cac tia khac. Piéu nay lam
ting hiéu suit ciia LED.

Trong k¥ thuét thong tin va ty dong héa anh sang hong ngoai
gan dwoc sit dung rat rong rai. Lwong théng tin dwec truyeén di
véi song hong ngoai lom gap nhiéu 1an so véi song dién tir ma
ngwoi ta thwong dung.
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é ﬂ _ BAI GIANG MON :
O/ i thi tinh theé 16ng (LCD: Liquid

4

4

L)

<

L ) 4

L)

o0

o0

L)

Tinh thé 16ng sir dung trong LCD 1a nhitng hop chat hiru co dic
biét. C4c phan tir ciia tinh thé 16ng nay dwgec phan bo sao cho
cac truc doc ctia chling nam song song véi nhau.

O nhiét @6 thap LCD é trang thai rin, khi t° ting 1én dén nhiét
dd nong chay thi LCD chuyén sang trang thai 16ng. Pha trung
gian giira hai trang thai nay |a trang thai tinh thé léng

Mt chi thi tinh thé 16ng- LCD- khéng phai |4 linh kién ban dan
guang dién

tir. LCD dworc ché tao dwéi dang thanh va cham- ma tran. LCD
la cau kién thu dong, n6 khong phat sang nén cang dé doc néu
Xxung quanh cang sang

LCD: dung lam mat chi thi cho dong ho, may tinh con, cac thiét
bi do s6, d6 choi tré em, man hinh ti vi.
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chi thi tinh theé long (LCD: Liquid Cr

Cau tao ciia thanh LCD:

0 GoOm c6 2 tam Kinh @it cach nhau khoing 10pm. M:it phia trong ciia 2
tam kinh trang mét 16p oxit kém (ZnO) trong suot lam hai dién cue.

0 Xung quanh bén canh hai tim kinh dwoc han kin, sau d6 do tinh thé
16ng vao khoang giira 2 tim kinh va giin Kin lai.

0 Hai tam nhua c6 tinh phan cuc anh siang dwgc dan bén ngoai hai tam
kinh sao cho hinh dnh phan chiéu ciia mit chi thi dwoc nhin tir mot
phia nho gwong phan chiéu.

T4m nhuya phan cyc tht 2 Guong phan chiéu

Dién cyc trong sudt 4 Tinh thé 1ong
T4m nhya phén cyc tha 1 £ !
Anh sang A e ngudi quan sat
chiéu vao

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



rm GIANG MON :
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Nguyén ly lam viéc:

Khi chwa co dién ap dat vao, cac thanh LCD khong lam viéc, co
nghia la khong co dién ap dat l1en mot con thi phan tinh
thé 16ng tai d6 khong bi tac dong gi ci, anh sang sau khi truyén
qua chd ay van giir nguyén phwong phan cwe, va cudi cung bj
chin lai hoan toan béi kinh loc phan cwe thir hai. Piém anh con
nay bj tat va doi véi mat ngudi quan sat thi diy 1a mét diém toi.
Mt chi thi trong suot.

Khi c6 dién ap cung cap cho thanh LCD né lam thay d6i sw dinh
hwéng cita cac phén tir tinh thé 16ng tai dé va két qua 1a anh sang
sau khi truyén qua phan tinh thé 16ng ¢ chd diém anh con nay sé
bi xoay phwong phan cue di, cé thé lot qua 16p kinh loc phan cwe
thi hai, tao ra mét diém mau trén tam kinh truwée.

GIANG VIEN: ThS. TRAN THUY HA
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_ BAI GIANG MON :
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 Laser = Light Amplification by

Stimulated Emission of Radiation 5 [ D
= lode
@)
- Dic diém: S Laser 1. <3nm
- Pho phat sang hep S
- Kich thuwdc nho S LED ~75nrmh
- D6 on dinh cao % — N
- C6 bude séng anh sang trong cac cira s6 =
quang 1, 2, 3 o
6;3 21611 che truec tiep co the len dén vai Wavelength (nm)
- Ban kinh birc xa nho (ghép véi soi Hinh 9-10
quang)
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Dinh nghia vé LASER:

Nhuw di biét, LED c6 mét 16p chuyén tiép PN dwoc ché tao trén
ban din cé ving cam thiang véi cau trac PN don hay di thé.
Néu diit dién 4p thuan vao diot di 1én thi s6 dién tir va 16 trong
trong mién chuyén tiép c thé dat nhiéu dén mirc tao ra s dio
1on mat d§. Khi co photon téi véi bire xa kich thich manh hon
birc xa hap thu thi linh kién sé phat ra anh sang két hep. Luc
nay diot cO 16p chuyén tiép PN hoat dong nhw mét khuéch dai
laser.

Khuéch dai laser c6 thém lién két phan hoi quang dwoc goi 12
diot laser.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



_ BAI GIANG MON :
ban dan

Cau truc cua diot LASER 1) Budng cong hwomng (ving bi kich

2 thich)
2) Nguon nuoéi (nang lwgng bom vao

3 .' 7 4 J/
| “\ vung bi Kich thich)
. 3) toan phan
y, 1 \ ] 4)

5) tia laser

5
Budng cong hwéng chira hoat chat laser, d6 1a mét chat dic biét co6 kha ning
khuéch dai anh sang bang phat xa cudng birc dé tao ra laser. Khi 1 photon
t6i va cham vao hoat chat nay thi kéo theo d6 1a 1 photon khac bat ra bay
theo cling hwéng véi photon téi. Mit khac, buong céng huéng ¢ 2 mit chian
& hai dau, mot mit phan xa toan phan cac photon khi bay téi, mit kia cho
mét phan photon qua mdt phan phan xa lai |am cho cac hat photon va cham
lién tuc vao hoat chat laser nhiéu lan tao méat d§ photon lém. Vi thé cwong do
chum laser dwge khuéch dai I&n nhiéu lan. Tinh chat cia laser phu thudc vao
hoat chat dé, do dé ngwdi ta cian cir vao hoat chat dé phan loai laser.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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é ﬂ _ BAI GIANG MON :
(P a ban dan

Hoat dong cua diot LASER

Cap nguon cho LD hoat ddng phan cwe thuin. Dudéi sw tac dong ciia
hiéu dién thé cao, cac electron di chuyén tir mirc niing lwong thap 1én
mirc nang lwong cao tao Nén trang thai dao 1on mat do caa electron.

O mirc niing lwong cao, mot sé electron sé roi ngau nhién xudéng mirc
niing lwong thap, giai phong hat dwore goi la

Cac hat photon nay sé toa ra nhiéu hwéng khac nhau tir mét nguyén
tir, va phai cac nguyén tir khac, kich thich eletron ¢ cac nguyén tir nay

roi xuong tiép, sinh thém cac photon cuing , cling va cung
hwéng bay, tao nén mot phan wng day chuyen khuéch dai dong anh
sang.

Cac hat photon bi phan xa qua lai nhiéu lan trong vat liéu, nho cac
gwong dé ting hiéu suat khuéch dai anh sang.

M§#t sé6 photon ra ngoai nho co tai mot dau cia vat lidu.
Tia sang di ra chinh la tia laser.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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é o _ BAI GIANG MON :
O/ ban dan

Phéan loai

+ Laser chat rin

C6 khoang 200 chat rin c6 kha niang dung lam moi trwong hoat chat laser. Mot so loai
laser chat ran thong dung:

YAG-Neodym: hoat chat & Yttrium Aluminium Garnet (YAG) céng thém 2-5% Neodym,
c6 bwée s6ng 1060nm thude pho hong ngoai gan. Co thé phat lién tuc téi 100W hodic phat
Xung véi tan sé6 1000-10000Hz.

Hong ngoc (Rubi): hoat chat |a tinh thé Alluminium cé gin nhitng ion chrom, c6 bwéc
s6ng 694,3nm thudc ving dé ciia anh sang tring.

Ban din: loai thdng dung nhat 1a diot Gallium Arsen c6 bwée song 890nm thudc phd hong
ngoai gan.

+ Laser chdt khi

He-Ne: hoat chat 1a khi Heli va Neon, c6 bwéc song 632,8nm thudc pho anh sang dé trong
vung nhin thay, cong suat nhé tir mot dén vai chuec mw.

Argon: hoat chat 1a khi argon, buéc séng 488 va 514,5nm.

CO2: bwée song 10.600nm thudc pho hong ngoai xa, cong suat phat xa cO thé toi
megawatt (MW). Trong y hoc itng dung 1am dao mo.

+ LASER chit léng

M0i truong hoat chat 1a chat 16ng, thong dung nhat 1a laser mau.

GIANG VIEN: ThS. TRAN THUY HA
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é ﬂ BAI GIANG MON :
O/ KIEN CHUYEN DOI QUANG - PIEN

. Céc? bo ghu quang dién qhoat déng dua trén nguyén ly hiéu Ung
chuyén doi quang dién. O d6 su hap thy photon boi vat liéu ban
dan da tao ra cac cap dién ti-1o t,réng -> tao ra tin hiéu quang dién
dudi dang dong dién hay dién thé c6 thé do duoc.
« Thiét bi quan trong nhat la diét quang ban dan (photodiode)
« YU cau:

- B0 nhay cao

- Nhiéu trong nho

- Bang thong rong

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-



s g tré (LDR-Light Dependent Resisto .

Cau tao- nguyén ly:

o L& bd thu tin hiéu quang don gian nhat. Quang tré thuong duoc 1am bang chat
Sunfit Cadimium (CdS) Selenid Cadimium (CdSe) Sunfit chi (PbS)... trong d6
loai quang tré CdS c6 do nhay pho gan véi mat nguoi nén thong dung nhat
* Quang tr¢ duoc ché tao bang cach tao mot man ban dan trén nén céch dién n01 ra?2
dau kim loai roi dat trong mot vo nhua, mat trén co 1op thuy tinh trong sudt dé
nhan anh sang bén ngoai tac dong vao.

hv
i

v/

Ban dién cuc >
2277 o

DAy dén noi tir

~ dién cuc ra
Ban dan ngoai

Pé cach dién Hinh 9-13

« Khi anh sang chleu vao bé mit quang trd, cac cip e-16 tréng duge sinh ra va dugc
dién truong cudn ra phla cac dién cyuc. Phu thudc vao thong luong anh sang chiéu
vao, dong dién bén ngoai ciing thay doi theo.

GIANG VIEN: ThS. TRAN THUY HA
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s g tré (LDR-Light Dependent Resisto .

e Tri so dién trd cua quang tr¢ thay doi theo do sang chiéu vao no. Khi
bi che t6i thi quang tré 0 tri sO dién tro rat 1on (vai MQ), khi duoc chiéu
sang thi dién tré giam nho (vai chuc Q-+ vai tram Q).

« Uu diém cuia quang trg: €6 khuech dai trong, nghia la dong guang dién

thu dugc ¢ so dién tir (hay 16 trong) 16n hon s6 dién tir (hay 16 trong) do
photon tao ra

‘ RCdS

N
—+

[

Lux
Hinh 9.15. Dac tinh cua quang tro

Ung dung: dung trong cac mach thu tin hiéu quang, trong bao dong,
dong ngat cac mach dién, trong do dac, diéu khién va tu dong hoa.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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( /7T BAI GIANG MON :
9‘ uang

Diot thu quang cé vai tro rat quan trong trong hé thong thong tin
quang. O ché @9 phan cwe nguge né ding dé thu tin hiéu quang. O
ché do nay, diét thu quang la linh kién tiéu thu ning lwong. Khi
khong phan cwe, diét quang lam viéc & ché d9 pin quang dién, N6
c6 thé bién ning lwong 4nh sang thanh ning lwong dién. O ché d
nay, diot thu quang la linh kién phat ra nang lwong.
Tuy theo chirc néing va cau truc cé thé chia diét quang thanh nhiéu
loai nhw sau: -

Diot quang loai chuyén tiép P-N.

Bi@t guang loai PIN.

Diot quang thac (APD).
Mt so dic diém ciia didt quang la rat tuyén tinh, it nhiéu, dai tan
s0 lam viéc rong, nhe, cO @ bén co hoc cao va tudi tho cao.
Piot quang khéng nhay bang dién tré quang loai CdS nhung noé
lam viéc nhanh gap nhiéu lan.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




BAI GIANG MON :
quang dung chuyén tiép PN

Lép tiép xiic — ="
kim loai

| .
: prl | kim loai
L I
|
3 I
Lép kim loai I

trong sudt I
Mién dién tich -=
khong gian

Piot quang dwoc ciu tao giong nhw cau truc diét P-N thdong
thwong, nhung khac 1a: 16p ban dén tao ra béi khuéch tan gan bé
miit cO chiéu day c¢& 1pm doéi véi Si va co nong do pha tap khong
qué cao dé anh sang cé thé xuyén sau vao trong long chat ban
dan (xuyén qua chuyén tiép PN). Ngoai ra, diét quang con c6 mot
cira s0 dé chiéu anh sang vao. Hai chan andt A va catot K 1a kim
loai dwoc noi toi cac phan ban dan. (Xem hinh 8-18). Piét quang
lubn hoat dong & ché 6 phan cuc ngwoc .

GIANG VIEN: ThS. TRAN THUY HA
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( /) BAI GIANG MON :
T quang dung chuyén tiép PN

Nguyén ly lam viéc:
Nhuwr trong so d6 hinh 8-20, diét quang dwgc cip nguon ol e
E.c sao cho chuyén tiép P-N phan cuwc ngwge dé tao ra \

lp

mot dién truwong dich chuyén c4c hat dan thiéu so sé dwgc Eec-
sinh ra dwéi tac dung cia anh sang. Do do, khi chwa ¢ tac
dung anh sang thi trong diot thu quang chi c6 dong dién
ngwoc (dong dién téi hay dong ro) rat nhé.

Khi dwgec chiéu sang cac photon téi dwee hap thu trong ba mién khac nhau
ciia diot quang sé hinh thanh cac ciap dién tir va 16 trong bang kich thich
quang hoc trong vung nay sé tao thanh dong quang dién trong diét quang.
Duwéi tic dung ciia dién truwong tai ving nay, cac dién tir va 16 trong sinh ra
trong mién dién tich khong gian bi quét ngay lap tirc vé phia mién P* va mién
N. Céac cip dién tir va 16 trong sinh ra trong ving trung hoa (ving P* va ving
N) sé tw khuéch t4n va mét s6 hat sé bij tai hop trong ving nay. Poi voi mot so
hat din c6 thé khuéch tan dén bién giéi ciia mién dién tich khéng gian thi
Chung ciing bi dién truwong cua mién nay quet di. Cac hat quang tai dién
khuéch tan nay tao thanh dong quang dién khuéch tan J, g« Va J i

- pdifft
GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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_ BAI GIANG MON :
-lode (Photodiode c6 16p ban dan

Lép tiép xiic

Lép tiép xiic

I
kim loai ' ) tiep X
p* | kim loai

i I

I

I

I

Lép kim loai I

I

I

I

trong sudt
Mién dién tich
khong gian

« Pi6t PIN bao gom 16p P, 16p | va 16p N. Lép | 1a 16p ban dan thuan c6 dién

tré rat cao dé khi Diot PIN dugce phan cuc nguoc, 16p nghéo cé thé lan ra rat

rong trong 16p | dé hudng phan 16n cac photon roi va hap thu trong do.

» Trong 16p | ¢6 dién trudng cuon rat cao dé cudn hat tai nhanh chong vé 2 cuc

tao Nén dong quang dién & mach ngoai.

Nguyén ly hoat dong:

Nguyén ly hoat dong ctia didt quang PIN tuong tu nhu nguyén ly hoat dong cua
diot quang PN

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é o BAI GIANG MON :
_‘/.._

Cau tao ciia APD co ban giong nhu diét quang loai P-1-N.
Lép ban dian nguyén tinh I trong diét P-1-N dwoc thay biang
mét 16p ban dan P c6 nong do tap chit thap nam giira hai 16p
ban din c6 nong d9 tap chat cao P* va N*. Nhw viy, mién ban
dixl’ll P tao thanh mién tréi va 1 noi sinh ra cac cip dién tir- 16
trong.

Lé6p chéng phan xa Dién cuc (A)

bién cuc (K)

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




BAI GIANG MON :

Co ché nhén dién trong bo chuyén tiép PN N

Mét photon hap thu tai diém A tao ra mdt cip dién tir- 16
trong bang chuyén dich dién tir A>B (dién tit B 6 trong ~ ~ -
vlng dan, 16 trong A ¢ trong ving hoa tri). Hai hat quang
tai nay dwoce dit trong mdt dién trwong rat manh nén
chiing 1ap tire dwore gia toc. Voi su gia toc ndy diém B thu & ———--
dwoc mét dong niing 16n, do d6, ning lwong toan phan
ciia dién tir ndy 16m hon niing lwong & day cia dai dan.

L

o _——— —
l—_
<V

Trong qua trinh di chuyén dién tir nay bi va cham ngiu nhién v6i mang tinh thé, vi du diém C. O
diém nay, dién tir chia bét mdt phan ning lweng cho mang tinh thé, ning lwong chuyén giao nay
16n hon @9 rong vung cam va di sirc dé ion hoéa nguyén tir, tao nén chuyén dich dién tir F>E. Mot
ciip dién tir va 16 trong thir cap dwoc sinh ra, va dén lwot ching bi gia toc boi dién truong, dong
thoi véi dién tir so cap.

Pién tir so' cap nay sau khi chuyén giao b6t ning lwong tai diém C, ‘roi’ xuéng diém D va tiép tuc
dwoc gia toc trén 16 trinh méi. Lo trong sinh ra ¢ diém F dwoc gia toc theo chiéu nguoc lai va lai va
cham v6i mang tinh thé & diém G tao nén chuyén dich dién tir H—1I va lai sinh ra cip dién tir va 15
trong méi. Lan nira, cap hat tai dién nay lai dwoc gia toc dwéi dién truomg va tham gia viao qua
trinh ion héa cac nguyén tir bang va cham.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é ﬂ BAI GIANG MON :
(P a ao quang dién

Pin ning lwgng mat troi (hay pin quang dién, té bao quang dién),
|a thiét bi ban dan chira lwong 16n cac diét PN, chuyén doi anh
sang miit troi thanh dong dién. Sw chuyén ddi nay goi 1a hiéu wng
guang dién. Anh séng

| | bién cuc (K)

R Ly
>>>>>>>>>>>>>>>>>>

Mién dién tich
khéng gian

Dbién cuc (A)

Hinh 8-25. Cdu tao ciia mét té bdao quang dién
Ciu tgo:
Té bao quang dién thwong dwoc ché tao tir cac vat liéu: Ge, Si, CdS, ZnS,... Ciu tao
ciia té bao quang dién gom phan nhay quang | tim ban dén loai N véi cac cira so
trong suot cho tin hiéu quang chiéu vao. Phia d6i dién véi l6p ban dan N 12 16p ban
din loai P. Tét ca dwoc boc trong vé bao vé véi 2 dién cwe din ra ngoai.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




é ﬂ BAI GIANG MON :
(P a ao quang dién

Khi chiéu sang 1&n 16p ban dan N, do qua trinh lweng tir hoa sé
sinh ra tirng d6i dién tir - 16 trong. Duwdi tic dung ciia dién truong
trong mién chuyén tiép PN, cac 16 trong sé di chuyén tir phan ban
dan N sang ban din P, con cac dién tir thi chuyén dong vé bé miit
citia 16p ban din N va lam xuat hién é hai dau cuc hiéu dién thé
c6 hwéng dién trudong tir ban dan P sang ban dan N (E;) va nguoc
chiéu vo6i chiéu ciia dién trwong tiép xtc. Do dé, dién truong tiép
xUc giam, hang rao thé ning cia tiép xic P-N giam, cac hat dan
da so sé khuéch tan qua tiép xic P-N. Hién twong nay tiép tuc
dén mot tri so6 E- nao d6 ma tri s6 dong dién do cac 156 trong
chuyén dong troi va chuyén dong khuéch tdn bang nhau, thi
trang thai can bang ddng trong tiép xuc P-N dwoe xac 1ap hiéu
dién thé U. & hai dau cwe dién on dinh. Nhu viy, té bao quang
dién di chuyén ning lwgng 4nh sang sang niing lwong dién.

GIANG VIEN: ThS. TRAN THUY HA
: KY THUAT PIEN TU-




( BAI GIANG MON :
T stor quang

E (cuc phat)

Viﬁ; mit cau tao, transistor quang ciing 50, i‘““lsé“f Si0;
giong nhw transistor thweong nhung cue | %
base dé hé (hinh 8-26). Transistor quang | L Bewsbednd |
cO mdt thau kinh trong suét dé tap L Mt ioesin
trung anh sang vao noéi P-N giira N

collector va base. HE

Khi cue base dé hé, chuyén tiép goc — C (ewe g6p)

phat dwoc phan cwe thuian (Tg) va 3

chuyén tiép gop — goc (T.) phan cuc
ngwoc Nén transistor lam viéc ¢ vung
tich cwe.

Transistor quang c6 2 loai 1a P-N-P va N-P-N. Cuec phat E 13 ban dén loai
N* ¢6 nong d¢ tap chat cao, cue goc B 1a ban din loai P, va cuc gép C la
ban dan loai N c6 nong do tap chat thap. Cuc goc 1a bé mit dwoc anh
sang chiéu vao, né dwoc ché tao rat méng dé cé dién tré nhé.

GIANG VIEN: ThS. TRAN THUY HA
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( BAI GIANG MON :
T stor quang

» Khi Transistor quang & ché do hoat dong
'[h:l tiep giap BC duoc phan cuc nguoc con .
tiép giap BE phan cuc thuan

« Khi &nh sang chiéu vao Transistor quang, A Rt
cac hat tai duoc sinh ra va dugc khuéch Amsing —» o ¢ ®
tan toi tiép giap BC, tiép giap nay sé& tach v T
dién tr va 16 trong dé gop phan tao nén
dong quang dién. :

e Tiép giap BC cO vai trd nhu mot diot
quang, cac hat tai tir phia tiép giap thuan
BE duoc tiém chich vao cuc goc B. Dong
quang dién trong mién B (dong ro l.g ) s&
tré thanh dong 15 va duoc khuéch dai 1én
(B+1) 1an & collector.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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Hinh 9.21 . |

Mach dién a) ding transistor quang lap Darlington véi transistor cong

suat d¢ dicu khién role RY. Khi dugc chiéu sang transistor quang dan
lam transistor cong suat dan cap dién cho role.

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




( BAI GIANG MON :
T 0 ghép quang (Opto- Couplers)

' Muc dich: ding dé céach ly giira cdc mach 6 su khac biét 16n vé dién
ap.
VD: mach tu dong diéu khién cbng suat c6 dién &p cao (U =
200V+380V, 660V hay 1000V); mach diéu khién thudng cO dién ap
thap nhu cac mach logic, may tinh hay cac hé thong phai tiép xuc véi
con nguoil.

Cau tao:

Bo6 ghép quang géom 2 thanh phan goi 12 so cap va thtr cap. Phan so
cap la mot diot loai GaAs phat ra tia hong ngoai, phan thir cap 1a mot
Transistor quang loai Silic. Khi duoc phan cuc thuan, didt phét ra buc
xa hong ngoai chiéu I&n trén mach ctia Transistor quang.

Nguyén 1y: Phan so cap 1a LED hong ngoai bién doi tin hiéu dién
thanh tin hiéu 4nh sang. Tin hiéu anh sang nay s& dugc phan tht cap
(Transistor quang) bién d6i lai thanh tin hiéu dién

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-




,, BAI GIANG MON :
0 ghép quang (Opto- Couplers)

] I 1 4 1 6
| B T ] 5
_ . . NN\ T } NN\

2
Hinh 9.22 Nguyén ly Hinh 9.23. By ghép quang transistor

Piic diém:

»  Dién ap cach dién giira so cap va thir cap (vai trim von + hang ngan
von)

«  Bo ghép quang co thé l1am viéc véi I hodc 1, €6 tan s6 cao

* Dién tro cach dién gitra so cap va thr cap c0 trj s6 rat 1on (vai chuc
MQ-vai tram MQ) doi voi I

 Hé s6 truyén dat dong dién (1./1c): vai chuc % + Vai trim % tuy

GIANG VIEN: ThS. TRAN THUY HA
ON: KY THUAT PIEN TU-
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T 0 ghép quang (Opto- Couplers)

Céc loai bo ghep quang:

a) BO ghép quang Transistor:

Phan thir cap: Transistor loai Si. Boi véi bo ghép quang transistor co 4 chan
thi transistor khong co cuc B, trrong hop bo ghép quang transistor co 6 chan
thi cuc B duoc ndi ra ngoai (hve). Bo ghép quang khong cO cuc B cO uu
diém 12 hé sb truyén dat I6n, nhung c6 nhuoc diém 1a d6 6n dinh nhiét kém.
Néu noi gilta cuc B va E mot dién tré thi cac bo ghep quang transistor nay
lam viéc kha on dinh v&i nhiét do nhung hé sb truyén dat bi giam di.

N ——

c6 nguyén ly nhw bo ghép quang véi 1 5

quang transistor nhwng véi hé sé truyén } W\ —
dat 16n hon vai tram lan nho tinh chat ‘lj K

b) Transistor quang Darlington: 6

khuéch dai ciia mach Darlington. Nhuoc
diém: anh hwéng béi nhiét do rat 16m nén 3
gitta chan B va E cua transistor sau
thwong co dién tré dé on dinh nhiét. Hinh 9.24 Transistor quang Darlington
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BAI GIANG MON :
0 ghép quang (Opto- Couplers)

c) BO ghép quang véi quang Thyristor:
- Gom mot diot quang va 2 transistor lap theo nguyén Iy ciia SCR.
- Khi ¢6 anh sang hong ngoai do LED ¢ so cap chiéu vao diot quang
thi sé co dong dién I cap cho transistor NPN va khi transistor NPN
dan thi s& diéu khién transistor PNP dan dién. Nhu vay thyristor
quang da duoc dan dién va s& duy tri trang thai dan ma khong can
Kich lién tuc & so cap.
- Pé ting kha ning chong nhiéu nguoi ta néi gitta chan G va K bang
mot dién trd t vai KQ+vai chuc KQ

| 6 ¢
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Hinh 9.25 Ky hiéu va cu triic ban din twong dwong ciia Thyristor quang
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{ /) BAI GIANG MON :
T 0 ghép quang (Opto- Couplers)

I'I'ng dung:

- C4c loai bo ghép quang c6 dong dién ¢ so cap cho LED hong
ngoai khoang 10 mA.

- Poi véi transistor quang khi thay doi tri sé6 dong dién qua LED
hong ngoai ¢ so cap s€ lam thay déi dong dién ra I- cua
transistor quang & thir cap.

- Céc bo ghép quang cé thé dung thay cho role hay bién &p xung
de giao tiép vai tai thuong co dién ap cao va dong dién 16n.
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{ /) BAI GIANG MON :
T 0 ghép quang (Opto- Couplers)

* Mach dién hinh 9.27 1a ung dung cua transistor quang dé diéu khién
dong ngét role.

Transistor quang trong bo ghép quang duoc ghép Darlington véi
transistor cong suat bén ngoai. Khi LED hong ngoai & so cap dugc cap
duoc cap nguodn 5V thi transistor quang dan diéu khién transistor cong
suat dan dé cap dién cho role RY. Pién trd 390Q dé gii han dong qua
LED hong ngoai khoang 10mA.

T +24V

Hinh 9.27
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{ /) BAI GIANG MON :
T 0 ghép quang (Opto- Couplers)

* Mach dién hinh 9.28 14 tmg dung ctia OPTO- Triac dé dong ngat dién
cho tai dung nguon xoay chiéu 220V.

Pién tro 1kQ dé giéi han dong qua LED hong ngoai khoang 10mA. Khi
LED so cap duogc cap ngudn 12V thi triac quang sé duoc kich va dan dién
tao dong kich cho triac cong suat. Khi triac cong suat duoc kich s& dan
dién nhu mot céng tac dé dong dién cho tai.
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Hinh 9.28
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