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LOINOI PAU

(Gido trinh Pién tir co ban do tap thé giao vién bd mon Co sé Ky thuat
Pién tir, Khoa Dién - Pién tir Truémg Pai hoc Sur pham K¥ thuit Thanh pho
Ho Chi Minh bién soan va bién dich dung (Gi4o trinh nay duge sir dung lam
tai liéu hoc tip cho sinh vién cdc khoi nganh k¥ thuét va cic ngénh cd lién
quan dén ky thuét. N§1 dung gido trinh dé cap mét cdch cé hé thong va tong
hop céac kién thitc co ban va hién dai 1dm nén tang cho viéc hoc tip cac mdn
hoc chuyén nganh.

Gio trinh duge bién soan bd sung va hiéu dinh véi su hd tro cia cic
ban d6ng nghiép va dua trén céc tai liéu tham khao 13 bai giang cua cb
Trwong Thi Bich Ngi va thady Nguyén Dinh Phi va sich cia céc trudmg dai
hoc Arizona State, Ohio va cic dai hoc khac ciia M§. Nha xuét ban Pai hoc
Quéc gia TP.HCM da khuyén khich va tao didu kién thuén lgi dé sach ra
mit nhin dip ky niém 50 nam thanh ldp Trudmg Dai hoc Su pham Ky thuét
TP.HCM.

Trudng Pai hoc Su pham K¥ thudt TP.HCM la truomg tién phong
trong ¢4 nudc vé ddo tao k¥ su thuc hanh, sinh vién tét nghiép ¢ kién thitc
va k¥ ning 1am viéc tét trong k¥ thudt cong nghiép.

Sinh vién ctia trudng sau khi 6t nghiép hién dang nim giit cdc vi tri
chii chdt vé& quan 1%, vin hanh, béo tri k¥ thuét trong céc tip doan léntrong
va ngodi nude tai cic cong ty Intel, Jabil, Renesas, Mitsubishi, Toyota...
Trong khi bién soan glEL{} trinh ndy, ching t6i d3 trao d6i va duoc sy dong
gf}p clia cdc -::huye:n gia ciia doanh nghiép, cuu sinh vién, dé i:uet dugce cac
yéu td can thiét ma céc tip doan doi hoi & sinh vién va k¥ su can phai dugce
trang bi trong thii gian con 1a sinh vién. Ching toi di hé théng lai todn b
céc mach dién dién tir cdn ban nhit, sip xép theo trinh tur logic hop 1§ xuyén
sudt toan b gido trinh, din dit sinh vién vao thé gidi ky diéu ctia nguyén tir
va lam quen véi céc cip dién tir va 1§ tréng 13 nhitng phin tir bé nhé nhit,
triru twgng nhat, ciu hinh 1én nhimng tinh thé chat rin tao thanh nhiing linh
kién bén din, thyrc hién nhitng chitrc ning, t& hop tuyét voi 1am chuyén bién
toan nhan loai, mé phong cac hién tuong vit 1y théng qua cidc mach dién tir:
mach khuéch dai, mach dao déng tao s.un;&,, ., kham pha nhitng bi mét cia vii
tru, clia thién nhién dé dap (mg dwoc nhu cdu ngdy cang cao clia xi hoi.

Néi dung quyén sach duge chia thanh cic chrong nhu sau:

Chuwong 1: Vit lidu ban din va chuyén tiép P-N: PGS.TS.Trin Thu
Ha di gi6i thiéu cho sinh vién céu tric vt liéu bin din 1a phan tir nho nhét
lam diéu vi dai nhét, sy vin hanh cta chuyén tiép P-N qud trinh trao dbi
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ning lugng va trung hoa cta dién tir va 16 tréng 1am nén dic tinh din dién
mét chidu clia chuyén tiép P-N, déy 1a thanh phén c6t 161 cua cdc linh kién
ban dan.

Chuong 2: Diode ban dan:TS. Nguyén Thi Ludng gidi thiéu cac linh
kién bén din c6 cdu tao co ban trén chuyén tiép P-N va cdc mach (mg dung
thue té clia diode.

Chiromg 3, 4: C6 Bui Thi Tuyét Pan va PGS.TS.Tran Thu Ha da gidi
thiéu linh kién ban dan ¢6 3 cuce tinh, d6 1a transistor Iudng cuc va cac mach
phéin cuc cho BIT. Py 14 linh kién ban din chinh cia cic mach dién tir va
céc mach diéu khién sau nay.

Chuong 5, 6: Co Phi Thi Ngoc Hiéu da gidi thigu linh kién dugc (mg
dung rdng rai va dac biét trong cong nghé ché tao vi mach hién dai co kich
thude nhd c& nand mét d6 1a transistor trudmg FET. Ho linh kién FET,
MOSFET 14 linh kién théng linh trong cong nghé k¥ thuat s trén thé gidi
hién nay.

Chuong 7, 8, 9: C6 Duong Thi Cam Ta da gion thiéu cac mach
khuéch dai tin hién nho, cdc dang ghép ting khuéch dai co ban ciia mét hé
thong khuéch dai 12 thinh phén cit yéu trong tit ca cdc hé thong mach
khuéch dai 4m tan, cAc hé thong tuong tu va so, cdc hé thong diéu khién tyr
ddng, cong nghé vién thong va tr dong hoa.

Chwrong 10: C6 Trwong Thi Bich Nga gi¢i thigu t6 hop cia cic mach
khuéch dai vi sai, mach khuéch dai trung gian, mach phéi hop tré khang ngd
ra dé hinh thanh mét mach khuéch dai thuit todn OP-AMP. Cac mach {mg
dung OP-AMP nhu: mach loc tich cuc, mach khuéch dai tao ham, mach
diéu khién trong céc hé théng dién tir cong nghiép, vi mach dién tt trong y
hoc, vién thong. ..

Chuong 11: Giéi thi¢u céc che do khuéch dai cong suat, cic che do
cong suét l6p A, 16p B, 16p AB, 16p C va 16p D. Mdi ché do khuéch dai ¢6
nhimg vu diém riéng va céc (g dung thue té ctia mach khuéch dai cong sudt.

Churomg 12: Gidi thiéu vé khéi dao dong tao séng sin, séng vudng va
séng tam gide dugc (mg dung trong cdc mach do luong, diéu khién, cong
nghé truyén théng .

Chwromg 13: Gi6i thiéu céu tric mach khuéch dai cong hudng va
phuong phap thiét ké céc mach loc tich cyc nhu: mach loc thong thﬁp, mach
loc théng cao, mach loc thong gidi va mach loc chan dai.

Chuong 14, 15: Gidi thiéu ho linh kién 4 16p déng vai trd quan trong
trong cac mach dién tr cong s-:uﬁt, cac mach diéu khién hoc trong k¥ thudit
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cong nghé hién dai ciia nginh té qubc dén. Khdi ngudn va 6n ép, 1 khoi tich
hgp ciia tat ca cdc mach dién tir bién ning lwong AC thanh DC dé cung cép
nguon cho toan bé hé thong mach dién tir.

Chm:mg 16: Cung cap thong tin vé cic mach dién tir thu'r: té, dé sinh
vién cé thé tham khao dé phén tich, nhan dang trong thuc té gﬁn két wirl 1};
thuyét, Céc mach trong thuc té c6 cdu tric thit cé tinh todn dén céc yéu to
6n dinh va cac yéu t6 méi trudng do dm, d6 tin cdy cua hé thdng mach thiét
ké thuec té.

Cuén sich 12 nén ting cho cdc mon hoc dién tir co ban, dién tir cong
sudt, thiét ké vi mach, mach diéu khién va cic mon chuyén nganh ctia nim
cubi. Theo chuong trinh dao tao hé tin chi, gior ty hoc cta sinh vién phai gip
d6i s6 gior hoc trén 16p vi vy khi bién soan cudn séch ndy ching téi da dic
két, tong hop va ¢b dong cc ¥ chinh va logic d& timg bude huéng din sinh
vién ¢6 thé cling c6 bai giang. Phin bai tip c6 trong timg chwong muc s&
gitip sinh vién tw dénh gia két qua tr doc hidu cia minh, cing ¢é thém kién
thirc nén tang v6 clng quan trong cho cong viée trong twong lai.

Thay mit nhém bién soan, t6i xin giri 1&i cdm on chén thanh nhat dén
cac ddng nghiép & bo mon Co s&r K§ thuat Dién tir, dic biét 13 giang vién tré
Trdn Vii Hoang, cé Lé Hodng Minh, thdy Hoang Ngoc Vin, thay Pham Xuén
H6 va cic gido vién Khoa Pién — Dién tir, cdc cyu sinh vién da gidp do, tu
vén va déng gop nhidu ¥ kién quy bau cho viéc hoan thanh cudn sach nay.

Do thoi gian han ché, chic chin cudn sich khong tranh khoi nhiing so
xudt nhé. Chiing t6i rt mong nhén duge nhiéu gop ¥ déng gop clia céc ban
doc dé khi thi ban s& tot hon.

Dia chi lién hé: B modn Co s& K¥ thudt Pién tir, Khoa Dién — Dién tir
Trudng Pai hoe Su pham K§ thudt TP.HCM.

Pia chi mail: thuha@hcmute.edu.vn

Chii bién
PGS.TS.Trin Thu Ha



GIAO TRINH BIEN TIF CO’ BAN DANH MUC CAC TU VIET TAT

DANH MUC CAC TU VIET TAT

AC Alternative Current Dong dién xoay chiéu
ACTL Alternative Current Pudng tai xoay chiéu
Load Line
A; Do loi dong dién
AM Amplitude modulation |Diéu ché bién do
A, D0 loi cong suét
Ay b6 loi dign ap
Avor Open-loop voltage gain |D6 lgi dién dp vong ha
B Base Cuc nén
BJT Bipolar junction Transistor luong cuc
transistor
BPF Band-pass filter Mach loc thong dai
BSF Band-stop filter Mach loc da1 tnét
BW Bandwidth Bing thong
C Collector Cuc thu
Co Dién dung tiép xtic
CB Common base Mach khuéch dai chung cuc nén
CC Common collector Mach khuéch dai chung cuc thu
Co Diffusion capacitance | Dién dung khuéch tan
CD Common Drain Mach khuéch dai chung cyc mang
CE Common Emitter Mach khuéch dai chung cyc phat
CG Common Gate Mach khuéch dai chung cuc cf‘mg
CMRR Common -mode Ti s6 nén tin hidu cich chung
rejection ratio
CS Common Sourse Mach khuéch dai chung cyc ngui’:‘m
Cr Transistion capacitance |Dién dung chuyén tiép




DANH MUC CAC TU VIET TAT GIAO TRINH BIEN TUY CO BAN

D Diode Diode

D Drain Cuc mang

D_MOSFET Depletion. MOSFET ~ |MOSFET kénh ¢6 sén

DAC Digital Analog B chuyén dbi s sang tuong tir
Converter

DC Direct Current Dong dién mét chiéu

DCLL Direct Current Load Pudmg tai mot chidu
Line

Diac Diode AC Linh kién chuyén mach hai chidu
Semiconductor Switch

E Emitter Cuyec phat

E_MOSFET | Enhancement_ MOSFE |MOSFET kénh cam img
4

F e Average frequency T4n s6 trung binh

o Cutoff frequency Tén sb cit

FET Field effect transistor | Transistor trirong

fu Tén s6 cét cao

L Tén sb cit thap

FM Frequency modulation |Piéu bién tan s6

f, Tén s6 trung tAm

fi Resonant frequency Tan s6 cong huong

G Gate Cuc cong

GaAsP Gallium arsenide Hop chét GaAsP
phosphide

GaP Gallium phosphide Hop chit GaP

Ge Germanium Ban din Ge

Zn Transconductance Do xuyén din

GTO Gate turn-off Linh kién tat bing cuc cong

Is Dong dién cue nén




GIAO TRINH BIEN TIF CO’ BAN DANH MUC CAC TU VIET TAT

Ic Dong dién cuc thu

IC Integrated circuit Mach tich hop

Icso Dong 1o gifra cue C va B

Iceo Dong ro gitra cuc C va E

In Dong dién qua diode

Ioss Dong dién cyc méang bio hoa

Ie Dong dién cue phat

IGFET Isolated Gate FET Transistor truong cuc cong cach ly

Ir Reverse current Dong dién nguge

Is Saturation current Dong ngugce bao hoa

Ie Lép chuyén tiép phia cuc thu

Jg Lop chuyén tiép phia cue phat

JFET Junction Field effect Transistor truong tiép xic
transistor

LASCR Light - activated SCR  |SCR diéu khién bang énh sing

LCD Liquid crystal display | Man hinh tinh thé long

LED Light Emitter Diode Diode phat quang

E Bé rong ving tiép xiic

MOSFET | Metal oxide Transistor truong cau trac kim loai
semiconductor FET cach dién ban din

N Negative semiconductor | Ban din loai N

N* Bién dan loai N pha tap cao

N*™ Bén dfin loai N pha tap rét cao

Na Néng d6 tap chit nhan

Na Nong d6 tap chit cho

NN Nong d6 dién ti trong chit ban dén

loa1 N
np Nong d6 dién tir trong chét ban dan

loai P




DANH MUC CAC TU VIET TAT GIAO TRINH BIEN TUY CO BAN
Op-Amp Operational amplifier | Mach khuéch dai thuit to4n
Opto B4 ngau hop quang dién
p* Béan din loai P pha tap cao
Bén dén loai P pha tap rét cao
Pemax Cong suit tiéu tan cuc dai tai cuc C
Pomax Cong sufit cuc dai cta Diode
PLL Phase-locked loop Vong khda pha
PN Tiép xtc P-N
Dx Nong d6 15 tréng trong chit ban din
loai N
pp Nong d6 13 trbng trong chét ban dan
loai P
PUT Programable UJT Transistor lap trinh duge
Q Quiscent Piém lam viéc tinh
Q Quality factor Heé s6 pham chit
Rp Dién tro tinh
T4 Bién tro dong
R Dién tro trong duong thevenin
S Sourse Cue ngudn
SBS Silicon Bilateral Switch |SBS
SCR Silicon controlled Chinh Iueu didu khién dwoc
Rectifier
SCS Silicon control switch | Cong tic diéu khién
Si Silicon Bin din Si
Triac Triode AC Linh kién céng tic ban din xoay
Semiconductor Switch |chiéu ba CLIC.
tir Reverse recover time | Thai gian khoi phuc nguoc
t: Thot gian luwu trir
te Thdi gian ngung din
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GIAO TRINH BIEN TIF CO’ BAN DANH MUC CAC TU VIET TAT
ulT Unijunction transistor | Transistor don ndi
Vap Dién ap danh thung
V CEsat Bién ap cuc thu-phat bao hoa
VCO Voltage-controlled Dao dong c6 diéu khién
oscillator
VE Forward Voltage Dién ap thudn
Vi Peak voltage ( Max Dién ap dinh
Voltage)
Va Output voltage Pién ap ngd ra
Vp Pinch off voltage Dién ap thit kénh
Vo Threshold voltage Dién ap ngudng
Vin Thevenin voltage Dbién ap twong duong thevenin
Vi Pién ap tiép xtic
Vz Zener Voltage Dién ap Zener
Yy Dién ap ngudng
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GIAO TRINH BIEN TIF CO’ BAN CHUONG 1

Chwong 1
VAT LIEU BAN DAN

1.1 VAT LIEU BAN DAN
1.1.1. Céu tric va dic tinh cia vt lidu b4n din

Pic tinh din dién cua cdc chét phu thude vao mét d6 dién tir tr do va
cdc ion ¢é & trong chat d6. Theo ly tinh vit liéu chia lam ba dsmg kim loai,
bén dn va dién méi déu 14 cdc chat rin c6 chu triic mang tinh thé.

Theo bing tuan hoan phén loai céc nguyén td hod hoc cic nguyén t6
kim loai thuomg dimg & cde nhém déu va c6 s6 dién tir & 16p ngoai ciing hay
13 dién tir héa tri tir 1 dén 2. Do lién két yéu véi hat nhin nén ching dé& tdch
khoi moi lign két va tre thanh dién tir tu do. Kim loai thudng c6 mat do dién
tir tur do Tt 1ém va 13 cdc chat din dién.

O céc nhém cudi bang tudn hoan thudmg 13 cdc 4 kim, céc nguyén td
ndy thuong ¢ tir 7 dén 8 dién tir & 16p ngoai cing ching lién két bén ving
vGi hat nhéan. Céc dién tir nay rat khé thodt ra khoi méi lién két trong nguyén
tir nén cdc nguyén o nay cb rat it dién tir tr do va dugc goi 1a chat dién méi
(chat céch dién).

Tham s6 ctia vat lidu dién dién tir 1a dién tré xudt ky hiéu p don vi do
14 Q.cm va dién din xuft ¢ don vidola Q'em™.

Bang 01
Kim loai | Bén din Pién méi
P (ﬂ‘-m) <10 0 = }.IU]:}
]“]E}
o (Q'em™ | >10° 10%- 1010 | <1070

Vit liéu ban din 13 cac nguyén t6 ndm & nhém 4 va nhém 5 cua bang
phan loai tudn hoan Mendeleev. Theo bang 01, ta thiy vét liéu ban dn 1a
vit liéu trung gian ¢6 dién tro xuat gitra kim loai va dién moi.

Chét ban din duge cdu tao tir nhing tinh thé ¢6 hinh dang xéc dinh,
trong dé cac nguyén tir dugce sap xép theo mot trat ty chat che tudn hoan tao
thanh mang tinh thé ban dan.

Céu tric ning luong clia mdt nguyén tir dimg 6 1ap duge xép theo
céc mic 1o rac, trong lién két gilta cdc nguyén tir sy tuong gitta cdc mire
ning lugng cua cac nguyén tir gan nhau va sy tuong tac gitra cic hat nhan
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CHU'ONG 1 GIAO TRINH BIEN TU CO' BAN

cla cac ngm}ren tir hinh thanh céc vung n.:‘mg luwgng. Co ba viing ning hn:m;Er
trong cdu triic mang tinh thé cta cdc chét rén, ty theo tinh trang cic mitc
nang lugng trong mot ving cd duge cac hat dlgn tir (electron) chiem chd
nhiéu hay it s& quy dinh tinh chét dén dién cua tinh thé chat tén d6:

A IVA VA VIA
10.811 " 12.01115 14.0067 15.9994
B C N 0O
Boron Carbon Nitrogen Oxygen
26.9815 28.086 L9738 32064
13 14 16
.
Al Si P S
“B Aluminum Silicon Phaosphorus Sulfur
65.37 (9.72 72.59 74.922 TE.06
20 A a2 kL
Zn | Ga | Ge | As | Se
Line Gallinm Germanium Arsenic Selenium
11240 114.82 118.69 121.75 127.60
48 49 51
Cd | In | Sn | Sb | Te
Cadminm Indium Tin Antimony Tellurinm
200.59 204.37 207.19 208.9%0 (210
80 81
.
Heg | TI | Pb | Bi | Po
Mercury Thallium Loazad Bismuth Polonium

Hinh 1.1. Vi tri cila vt liéu bdn ddn trong bang phdn logi tudan hoan.

— Ving hoa tri (ving lién két giira cac nguyén tir tao thinh mang tinh
thé), trong dé tit ca cdc mire ning lugng tran day khong cé dién tir ty do.

—  Ving dén (Conduction band) 13 viing c6 nhidu mirc ning luong tu do,
noi ma dién tir ¢6 thé chiém giit khi ¢6 ning lugng.

~  Ving cam 13 viing & khoang giita cia ving lién két va ving din, noi
khong c6 mirc ning lwong va xdc xuit chiém gilt ving cdm cia cdc hat dién
tir bang 0.

Thy theo cdu tric clia vimg ning lugng ta phan biét cac chit rin cé
clu triie tinh thé 1am ba loai 12 kim loai ban din va dién mai. Hinh 1.2 thé
hién cic ving ning luong cua chat cach dién, chat ban din va cach dién.
Dbi véi chat cach dién hay con goi 1a chit dién méi, ving din (conduction
band) ¢6 mirc ning luong cao nhat, ving c¢im cd mirc ning luong 13 Eg ¢6
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GIAO TRINH BIEN TIF CO’ BAN CHUONG 1

gia tri 1én hon 5 eV. Gia tri 16n cla ving cAm I]fl}-’ lam cho céc dién tir néu
cé hinh thanh Lung khéng vuot qua duoc dé chiém cdc mie nang lugng tai
ving dan, do d6 chét dién mai s& bi bién dang khi duge cung cép nhiéu ning
lwong clia méi trudmg ngoai va bi thay dbi céu tric tinh thé rén.

.l.l-::'.x‘:rg-‘_.' Eleciron: Encrgy ¢+ Eaigrgy
Conduction hani . "free” in i :
catablish e =
coid ction .__:__' et i hisod :
b TG .' - The Fangls
Do s oy i —— 5
Wileps — 2
\ fl-"i‘-i-;-'ulL"l'.'-' i
T bood |
LI
By = L EeVisn e
|
j-_g 0167 eV {’L:ﬁg
Insulator Sericonductor Canductor
d. b. c.

Hinh 1.2, Viing nang lrong ciia: a. Pién méi; b. Bdan dan; ¢. Kim logi.

Trong k¥ thuft, ngudi ta thuomg ding dién mdi 1am chét cach dién
(Si0,). Vit liéu kim loai ¢6 cdu tric ving din va ving lién ket tinh thé nep
xlic v&i nhau, tai vimg din ¢6 san cic dién tir tu do ludn sin sang chuyén
dong dé tao thanh dong dién trong kim loai (Hinh 1.2¢).

Vit liéu ban dén (Semiconductor) c6 khodng ning lugng & ving cim
i Bg= 1,1 eV nfu tinh thd 1A Silic (Si) vA Bg = 0.67 eV khi tinh thé 13
Gemanium (Ge). Trong ving din cé thé cd mdt vai dién tir tyr do cb niing
lwong dd vuot qua vimg cam dé chidm giir mirc ning lwong cao hon trong
ving din, dé c6 thé tham gia din dién trong ban din (Hinh 1.2b).

Chit ban dén 12 chét ¢6 hoé tri 4. Theo cdu triic cia Bo, céc nguyén tir
nhém 4 c¢6 bdn hat dién tir & 16p vo ngoai ciing, mdi hat nhén s& gép mot
dién tir ngodi clng ndy v hat nhin bén canh tao thanh “Lién két cong hoa
tri” (Hinh 1.3a).

Lién két cong hoa tri 12 lién két bén vimg cia hai dién tir & 16p vo
ngodi cling cia cdc nguyén t6 nhém 4 cta bang phan loai tudn hoan
Mendeleev. Nhir vy, quanh mjt hat nhan ¢6 bén mdi lién két cong hoa tri
vi xung quanh mdi nguyén tir ban din luén ludn c6 bén nguyén tir ké can
lién két véi nguyén tir 46, vi viy nguyén tir lubn dat trang thai bio hoa.
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CHU'ONG 1 GIAO TRINH BIEN TU CO' BAN

Chibdting
alectrons

a. Crarmandarm b, Silican

Hinh 1.3. Cdu tritc nguyén tir ciia a. Germanium; b. Silicon.

Céc hat dién tit ndm trong moi lién két cong hoa tri ludn bi rang bude
bai lue lién két cong héa tri va luc hit cia hat nhan rat bén vimg . Su lién
két gifra cac nguyén tir voi nhau ndy lam cho dién tr khé tach roi khoi nhan
clia chimg. Véi ciu triic nhu viy nén tai nhiét d6 0 K (-273°C) chét ban din
tinh khiét khéng ¢6 hat din dién do d6 ban din hoan todn cich dién twong ty
chét cach dién.

Ta thiy riang vé mit cdu trac tinh thé thi chét ban din c6 ciu tric
mang kiéu kim cuong. Nguyén tir & tim tir dién s& lién két véi bon nguyén
tir & dinh t dién theo lién két cong héa tri . Hinh 1.4a cho ta thiy mot &
nguyén té vé& trong khong gian. D& don gian, ta c6 thé bidu dién c4c nguyén
tir lién két véi nhau trong mit phing nhu hinh 1.4b.

| | | | .
E}J '..E] . .Ia’.___
e OOsd En &
. TeR—Fok

|ﬁ§”
o) | sy
Qg S8 SO0

OF— o — o

=

|
= Ic.E}.-.'- — LE’:._"_-IL_'IE.: t.éi:_-:‘ ;

. S e
(a) (b)
Hinh 1.4. a. Cau triic tinh thé don cia Ge va Si; b. Cau triic mang finh thé
cua Si
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GIAO TRINH BIEN TIF CO’ BAN CHUONG 1

C6 hai vit liéu ban din thui‘m;? duge sir dung nhat la: Silicon (Si) va
Germanium {Ge), ciu tric nguyén tir clia cic nguyén t6 nay duoc trinh bay
& hinh 1.3. Céc chat ban dan nhu Silicon va Germanium thuémg duge ding
trong cong nghé ché tao céc linh kién ban din.

1.1.2. Céc hat dfin dién trong bin din

O nhiét d binh thuong, trong ban din tinh khiét, 1a chit ban dn c6
céu tric tinh thé i tuong khong c6 sy tham gia clia nguyén t6 tap chit khic
(ngoai lai), & diéu kién binh thuong cdc mdi lién két cong héa tri bén vimg
va trong mang tinh thé khéng c¢6 dién tir tr do va vt liéu ban dan lic nay
khong din dién.

Khi b1 tac ddng bdi nhiét do hodc do duge cung cﬁp nang luong dudi
cac dang khic nhu tac dong cia dién trudmg, ban pha nhiét, dién, v.v... mjt
s6 hat dién tir trén bé mit nhin thém ning lrgng va birt phé ra khoi mdi lign
két cdng hoa tri va tao thanh dién nir tir do(electron) la hat din dién mang
di¢n tich am (q= -1,6x10"°C) va céc hat ndy sin sang chuyén dong dudi téc
dung cuia luc dién tredng tao thinh dong trong chét ban din.

Khi dién tir tu do xuét hién, tai mdi lién két bi phd v&, dién tir mdi
thodt ra s& xufit hién mdt khoang trﬁng (v.icam,y) thiéu dién tich 4m hinh
thanh ving di¢n tich duong, ta goi 1a 16 rnmg {h{}]t‘:} 13 hat din dién mang
dién tich duong gid tri bang + 1,6x107'°C. L3 trong nay cé thé bi trung hoa
bdi mét hat dién tir tw do nao d6 vira bi pha v& tir moi lién két méi trong
mang tinh thé va ta noi 18 trong da dich chuyén dén vi tri méi trong tinh thé
béan din. Nhu vy [6 trong ciing c6 thé coi la hat ddn dién mang dién tich dwong.

Trong bén dn tinh khiét c6 hai loai hat dén co bin din dién cimg xuét
hién khi duge cung cﬁp ning luong: hat dién tir tr do va 16 trong.

Goi n 12 mit dé cia hat dAn mang dién tich 4m hat electron, p 12 mat
d9 cia 16 trong hat mang dién tich dwong. Béan dan tinh khiét ky higu 13 ban
din loai I, ta ¢6 mit d6 cha hat mang dién tich duong va dién tich 4m bang
nhau n=p;.

1.1.3. Phin loai ban dfin

a. Bdan dan tinh khiét ky hiéu I'12 ban dan c6 céu tric mang tinh thé cia
nhom 04 khong c6 tap chét tai cic nat ciia mang tinh thé. Ban dan tinh khiét
& diéu kién binh thudmg 14 chit cach dién, chi din dién khi duoc tic dong cé
nghia hinh thanh dugc cac cip dién tir va 15 h*f%ng trr do. Dudi tac dong cuia
dién trudmg, céc hat s& chuyén dong c6 hudng tao thanh dong dién trong ban dan.
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b. Bdn din loai N 13 ban din tinh khiét c6 pha tap chét nguyén t6
nhém 5 (vi dy Phosphorus P) véi ham luong thich hop trong mang tinh thé
ciia ban din thuin khiét. Céc tap chit nhém V ndy chiém mét chd trong
nhimg nit cia mang tinh thé ban diin, nguyén t6 nay s& gop 4 hat dién tr 16p
ngodi cling vao 4 mbi lién két cong héa tri ciia mang tinh thé bén dén tinh
](]Ikiét, con lai mét dién tir thir 5 & 16p vo ngoan cung, chi bi rang bude bt hat
nhan clia nguyén t6 tap chét, do d6 twrong dbi linh ddéng va chi cin mot ning
lugng rat bé 1a du dé thoat ra tao thanh hat dién tir tw do chuyén tGi ving
dan dién va sin sang tham gia dan dién ngay 1Gc ban dau.

Céc nguyén té héa tri 5 nhu Phosphorus (P), Arsenic (As), Antimony
(Sb), Bismuth (Bi)...

Nguyén tir tap chét bj ion héa cung cép dién tir tir do cho ban din nén
goi 12 tap chit cho goi la tap chit Donor. Trong chit ban din c6 tap chét
cho, ngay trong diéu kién ban du dd c6 hat din mang dién tich am goi 13
bén dén loai N. Goi N, 14 nong d6 tap chiét trong bén din loai N va ta c6 mit
d6 dién tir tap chét trong ban dan loai N 1 ng= Ny va tong mat d6 dién tir -
hat din 4m trong ban din loai N s& 13

Ny= np+ng=nr+N>>py= pi (1.1)

(px mét d6 hat din duong — 18 tréng trong ban din loai N), nhur viy
mit do hat electron trong ban dan N 16n hon rét nhiéu so véi 13 trdng, ta goi
hat din mang dién tich am 12 hat da s6 trong ban dn loai N va hat thiéu sd
14 hat mang dién tich duong 14 15 trong.

O —— QL Gl E
-_S'_@ @""@ @m@
1© 'O (o] ;
f.||t|.:_-;.=.;l.l :G']"\'—L"lﬁ'i Vilng din
A0 — o0 “NEY B ] T {
©s0 pPsd 9s0 Ed_@{ S Viing cm
o —fox—Td N G |V
sy E,
—loL—JN\ol— ) [\T_I‘Ing]iénl
Et;_{f} ©sO 686 két héa tr
s = © 00000000 I Vangety
a, b.

Hinh 1.5. a. Chét bin ddn logi n véi tap chit Donor [ nguyen tur Sb;
b. Gidn d6 nang liromg ciia chat ban dan logi N.

18



GIAO TRINH BIEN TIF CO’ BAN CHUONG 1

Hinh 1.5b biéu din gian dd ning luong cia chét ban din loai N, mic
ning luong cia nguyén to tap chat ndm rit gin ving din do d6 céc hat
electron chi cin vugt qua mite nang lugng nho 14 ¢6 thé chiém gii vimg dan
va sin sang tham gia din dién.

Cang nhidu ion tap chét kha ning dén dién ctia ban dén cang ting, ta
ky hiéu ctia ban din loai N véi nong dé tap chét ting dan: N, N*; 3 mie N*,
nong do tap chit ting cao hang chuc triéu nguyén tir trén don vi thé tich.

¢. Ban din logi P (P"' )

Néu trong mang tinh thé cta bdn din tinh khiét Si c6 pha tap chat
nhém 111 cia bang phin loai tuin hodn. Vi du céc nguyén td heu biu
Aluminum (Al), Gallium (Ga), Boron (B), Indium (In). Cic nguyén t6 nhom
111 gép 3 dién tir vao 3 mdi lién két cong hoéa tri chung quanh tap chét trong
luGi tinh thé, con lai méi lién két cong hoa tri thir 4 bi khuyét mot hat dién
tir va hinh thanh 15 tréng tai lién két cong hoa tri thir 4. Nhu viy ngay tir
thori diém 1Gc ban dau, ban din c6 tap chét nhém 3 ndy c6 hat ddn mang dién
tich dwong. L tréng mang di¢n tich duong luon sin sang nhin hat electron
trung hoa, tite 14 ¢6 thé tham gia dan dién. Tap chéit nhém 3 dugc goi la tap
L.hﬁt nhin (Agceptnr) ban dan cé tap chat cho gm 14 ban dan loai P, goi N,
lﬁ ndng do tap chat Au,epmr ta c6 mat d6 18 trong trong bén din pp= N, vi
tong mat d6 hat din mang dién tich dm:rng trong ban din P 1a
Pp=pr+pr=prtN, >> np = ng (np 12 mét d6 hat din mang dién tich 4m trong
ban din P), nhu viy méat d6 16 trong trong ban din loai P 1én hon rit nhicu
s0 véi hat dién tir va goi 14 hat dn da sé trong P, hat dn thiéu s6 13 electron
(Hinh 1.6a).

E

S =,
OO OO G" NG

) @ Viing diin

3 % ) 1".

] 6 'E} I i Vi &
3 si E} &8 D )5 S .. L oA fmg chm

o o T ) L i

O .;? m_? ket *¢ e

i b.

Hinh 1.6. a. Chat bén dan logi P 6 tap chdt Acceptor nguyén fir B;
b. Gidn dé nang heomg ciia chat ban dan logi P.
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Hinh 1.6b biéu dién guin 46 n:mjj 1[1'{]']]}____ ciia chat ban din loai P, mitc
ning lugng Lu.:l nguyén tb tap chit ndm rét gin ving hoa tri do d6 céc hat
electron chi cin vugt qua mirc ning lwong nho 13 ¢6 thé trung hoa cac 16
Hg:,lg va trong viing hoa tri ¢b céc 16 trong dugc sinh ra va sin sang tham gia
dan dién.

d. Chit bén din suy bién N**, P**:

Céc chét ban din néu trén c¢6 ndng d6 hat din khong cao, duge goi la
bén din khong suy bién. Chét ban din c6 nong d6 tap chét 16n hon 107
nguyén tir/em’, duge goi 1a ban dan suy bién.

Mic 6 tap chsit nhiéu cé hai loai hat dwong va hat 4m. Cac mirc nang
lugng chiém giir gin hét ving cdm va chiém giit va xép chon%, y [én trén ving
dén, hrcmg tir nhu mirc ning legng cia kim loai vi viy c:ha:l: ban din suy
bién c6 tinh chét giéng nhu tinh chat cia kim loai dén dién tdt hon kim loai
va thudmg co higu u'ng xuyeén ham ( higu tng Tunnel). Do la hleu (g I]’l.-:fi
trong d6 céc hat din ty dong chiém gift cdc mirc ning lwong thdp hon néu
mit d§ cac mirc nang lwong d6 khong nhiéu hoic nguoc lai tu déng chuyén
té1 mirc ning lugng cao hon néu mét do cadc mic cao ké cin con it hon.
Ning lugng cua hat din tu do trong ban dén suy bién khéng phu thude vao
nhiét do.

1.1.4. Co ché din dién theo Iy thuyét viing niing lwong
a. Niing lwong di¢n tiv trong chiit rén:

Theo ciu triic ciia Bo, m{t nguyén tir dugce cilu tao gf’im mot hat nhén
mang dién tich duong va cic dam may dién tir mang dién tich dm go1 1a cac
16p K.L,M duge dénh sé bang lugng tir n=1,2,3,...Mdi 16p ndy duoc chia
1am cac 16p nhé ky hidu s, p, d,...S6 luong dién tir trong mbi 16p xic dinh
theo quy luét Is, 2s, 2p, 3s, 3p...( Ldp s 6 hai dién tir, 16p p co 6 dién tir,
lép d ¢6 10 dign ). Ngm’ﬂ ta chimg mmh dugc rang nang lugng & mdi 16p
may dién tir quanh hat nhéin dwgc sip xép theo quy ludt nhu hinh 1.7a.

Trong hinh 1.7 a, b, ta thiy mirc ning lugng bé nhét & gin nhén, cang
xa nhan ning lugng cang ting. Céc dién tir ludn cé khuynh hudng chiém giir
ning lrong bé trude sau khi cdc mire nay da dy dién tir, lac d6 cac dién tix
mdi chiém giit dén ra xa hon hat nhin. Nhu véy chi ¢6 nhimg dién tir &
ngoai, 1ép vo ngoai cing chua day dién tir méi ¢ kha ning thoat khoi trang
thai nay dugce tr¢ thanh dién tir trr do.

Trong mang tinh thé, cic nguyén tir don ddc thudng lién }cét do tac
d6ng qua lai 1in nhau c4c mitc ning lugng bi thay ddi, tiy theo hing s6 cia
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mang tinh thé md mdi mic ning lugng bi phin ra ké cdn nhau tgo ving
ning lrgng c6 thé nhau giao nhau va tao cac co ché dan dién trong ban din

Wa Wa | AW |
A o HHEHHEHEHEH H ) s |
e 0102020:020:0,0:020 Viing J '
P— 0000 diin 1 |
A P d —
ds = -/ I
3p s 5 B8 8 o G G
3s (=) )
2p (-
20 o
¥ gy () » »
g ~ g4 dién tir ]
Viung  Ving diy
cAm
a. Cac mirc nang hrong lugng tir b. Su giao nhau cia
trong nguyén tr co 1ap cdc mirc nang hrong

Hinh 1.7a. Cac mirc nang heong dién tir trong nguyvén tir cé lap;
b. Sy giao nhau cia cac mirc nang lirong trong nguyén tir
M@t electron ndm & mic ning lugng cla ving lién két cong héa tri
khi n6 duge cung n::fi]i: mdt ning luong vira di d& nhay tir mirc ning lugng
trong vimg hoa tri dén mirc ning lugng trong vimg dan, thi n6é dé lai mot
chd trong trong ving lién két cong hoa tri.
b. Sw din dién ciia bin din

Su dan dién ctia ban dan phy thude vao:

1. S6 luegng va mitc ning lugng trong ving héa tri va ving dan (S6
luong mirc ning luong cua hai ving cang 1én kha ning din dién
cang cao).

2. Xdc sudt chiém mirc ning lwong trong ving din cia dién tir va xdc

L - K - 5 = L] . A S =
xufit chiém mitc ning luong cta 18 trong trong vimg lién két cong hoa tri.

Ta c6 céc cong thire xac dinh ndng d6 hat dan trong ban din:

n= Nﬂexp(u%ﬁf- (1.2)
Vi
p=Nyexp () (1.3)
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Er: Nang lugng Fecmi (Con goi 14 mirc Fecmi ) dai dién cho nang
luwgng 1ém nhit ma dién tir c6 dwge & 0°K. Vi tri cila mic ning lugng Fecmi
trén gian dd tiy thude vao tap chit.

Trong trudmg hop béan dan loai P ta c6 By, = E, ndm gin viing héa tri;
Bién din loai N c6 Eg,= Eqnidm gan ving dan.

Ne, Nv 13 mét d6 trang thai hiéu dung cta ving din vi ving hoa tri
gid tri cia ching tang theo t* ti 18 T>

Téng s6 hat din trong ban din:n.p = NN, exp (— EF_E”’) (1.4)

KT

Téng s6 ndy khong phu thudc vao tap chétn; = p; d6i véi ban din thuin
khiétnp=n? (1.5)

Hinh 1.5b va 1.6b cho ta thiy cdc mitc ning lugng cia tap chat Donor

va Acceptor 13 tram chuyén trung gian cho céc hat din va gop phin vao ting
dd dan dién cia ban dan loai N va P,

1.1.5. Chuyén déng trdi va khuéch tin ciia hat din trong béin diin
a. Chuyén ding troi

Néu dat dién tir hode 15 tréng vao mdi trudmg chan khong va khi ¢o
dién truomg téc dong, cdc hat din s& chuyén dong c6 gia tde (nhanh dan déu
hodc chidm din du). Mang tinh thé chira rit nhidu nguyén tir (ké ca tap
chﬁt}, ching ludn luén dao déng vi nhiét. Vi viy, khi chiu tac dong cua dign
truomg, cAc hat din trén dudng chuyén dong cé gia toc s& va cham vai cac
nguyén td ctia mang tinh thé. M&i ldn va cham s& 1am thay déi tri sé va
chidu cua vin téc nghia 1 lam tan xa ching. Chuyén dong clia hat din trong
mang tinh thé chét rin duéi tde dong cua dién trudng nhu viy duoc goi 1a
chuyén déng tréi (hodic chuyén déng cudn).

Vin tde cua dién tir va 15 trong 1a:
dv I
vn=‘“nE=+|-lnE (1.6 a)

dv :

Trong d6 V,, Vp 1a vin tbe trdi cia dién tir va 15 1rc’§ng hmlg dién
truomg E; po,up 14 d6 linh déng cta cua dién tir va 16 tréng, 14 vén toc troi
trung binh ciia hat din electron mang dién tich am va 18 tréng hole mang
dién tich duong trong dién trurdmg dién trudmg E= 1V/em.,

Mit d6 dong dién trdi tao bai chuyén déng tréi cia cdc hat din c6 mit
dd n, p la:
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Jn,=-(-q)n Vn=qunn E (1.7)

Iptr=qpVp =quppE (1.8)
Dong dién trdi cia dién tir va 16 trong 1a dong cing chiéu. Nhu vy
dong dién trong ban dan 12 dong nguoc chiéu cia céc hat dan mang dién tich
am (electron) va cling chidu voi cac hat din duong (hole).

Ta ¢d mat d§ dong dién trdi trong ban ddn: Jo= I +Ipy. (1.9)

Dién din xuit ciia chit ban din: o =q( ny, + py,) (1.10)
£ ts £
= 4= K r
& @rr
G | B @*g@ o |
@ © @
A AT Al S AT AL
a. Mi hinh déng dién rong kim loai b. bd hinh ddmp dién trong bin din

Hinh 1.8. a. Md hinh dong dién troi trong kim loai
b. Déng dién trong bdn din,

J; alr
O . & Cprr ‘
R R
Hinh 1.9. So dd ciia mé hinh dong dién trong kim loai va bdn dan
@ O Lald trong va dién tir do ) Electron hinh thanh do tang nhiét
pha v lién két cong hoa tri % pha v thém méi lién ket

& Hole hinh thinh do pha v& lién két
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Trén hinh 1.8, 1.9, ta I:hﬁy dudi tac dong cia nhiét dd anh sang trong
bén din xuét hién céc cip dién tir va 16 tréng, dudi tic dong cua dién trudng
céc hat chuyén dong tao dong dién. Dong dién nay thudng 16n hon nhiéu so
v&i cdce kim loai ¢6 tinh chat din dién twong duong,

b. Chuyén dong khuéch tdn

Ngoai chuyén déng trbi theo tac dong cua dién trudmg, cdc hat din con
chuyén dong khuéch tin do sy phan bd khong déu trong thé tich gradien
nong d céc hat dan.

Khi nong d¢ céc hat din phén bé khong déu, ching s& chuyén ddng
khuéch tin tir noi c6 nong do cao dén noi c6 nong d6 thip, dong dién do
chuyén dong khuéch tan nay goi la dong khuéch tan.

S6 lugng hat khuéch tan qua mét don vi thé tich trong thoi gian dt

dp .
dP—-D]]dx dt (1.11)
d_n
dN = - Dnd= dt (1.12)

Cong thire 1.11 va 1.12 hién thi d4u trir vi khuéch tan vé phia nong do

gidgm. Dp, Dn: hé s6 khuéch tén cia 15 tréng va dién tir; L—P :T 1a gradient
ndng do.
s ﬂ : dN e dp dn ’
Jh_qdr +( q);_ qu{;-l—anE (1.13)

Hinh 1.10 m6 ta chuyén dong khuéch tén trong ban dan loai n va loai
p, theo hinh truc x ndng do giam din va chidu chuyén déng cua céc hat
duong trong ban din p ciing twong tr. Nhu viy dong khuéch tan cling chiéu
d6i véi hai loai hat dan.

Ta ¢6 hé s6 khuéch tan nhu sau

Dp= @ity (1.14)
Dn= ¢Tun; (1.15)
@T Hﬁng g0 phu thude nhiét do
kT
Q= q_ (1.16)

k hing sé Boilzman; q dién tich dién tir; T nhiét dd tuyét ddi cua
T=300K;

o= 0.025V=25mV.
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Hinh 1.10.Mé hinh chuyén déng khuéch tan cia cde hat din

Trong hinh 1.10: Céc hat din chuyén dong tir noi c6 mit do cao dén
noi c6 mét do thap.

1.1.6. Anh huwimg ciia nhiét d6 dén d diin dién ciia vit liéu ban din
O nhiét d6 trong binh thudng hay nhiét 46 méi trudmg, ning lrong
nhiét tao nén m{:‘-t vai cap dién tir va 16 n‘éng va sy tai hop xay ra sau do. Do
do, chit ban dan s& c6 mét vai dién tir ty do ngay ca trmmg hop ](hun;-:, cung
cép ning luong dién ap. Khi nhiét d6 tang s& co nhiéu electron hip thy du

ning luong pha v méi lién két hoa tri dé trd thanh dién tir tu do din dén sb
lwgng dién tir trr do ting.

Dudi tac dong ctia 4nh sdng hodc tic ddng cia dién trwdmg cdc mdi
lién két cong hoa tri s& bj pha v& hinh thanh cdc cip dién tr va 18 tréng. S6
lwong cac hat nay s& ting nhanh theo nhiét dé va dong dién trong ban dan
cling ting.

Nhu vy d6 din dién trong chit bén din ti 18 thuéin v&i nhiét do.

1.2 CHUYEN TIEP P — N (JUNCTION P-N)
1.2.1. Chuyén tiép P-N khi chua c6 dién trirdmg ngoai

Khi chura cé dién truomg ngoai, khi ta dit khoi ban dan N va mét khéi
chét ban din P dugc ghép lai vo1 nhau nhu hinh 1.10, tai bé mit noi tiép xic
s& hinh thanh viing chuyén tiép P-N.

Tai bé miit noi tiép xtc cia hai ban din hinh thinh mét viing chuyén
tiép c6 bé day |, nhu trén hinh v& 1.12; Do mét dd cac hat din da s6 trong N
la céc electron ny nhiéu hon miit dd cic hat din dién mang dién tich &m np
trong ban din loai P do d6 s& c6 chuyén dong khuéch tdn do chénh léch
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ndng d6 cac hat din mang dién tich &m nay trén bé mit noi mién tiép xic
bé day 1,

o

0% & W —76®e® o
—N°|E[C] £oP|

Qo0o|H|H)| @0

® o} O

20930 @9

Hinh 1.11. Chuyén tiép P-N.

K+ hiéu lon duong “+” & ving chuyén tiép

[:] Ky hiéu lon dwrong “+” & viing chuyén tiép

¥
L 2

Hinh 1.12. Cdu triic ciia chuyén tiép P-N
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Hinh 1.13. a. Sw phin bo mdt d¢ cia cdc hat déan trong vimg chuyén tiép;
b. D6 thi dién tich ciia cdc ion trén bé mdt tiép xiic;
c. Phdn bé dién thé ciia chuyén tiép P-N ((1): dién thé phan cuec thudn; (2):
dién thé tiép xiic; (3): dién thé phan cuc nghich)

Illl'l'll.‘F:

R
Hinh 1.14. Ddc tuyén V-1 ciia chuyén tiép P-N
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Mt d6 hat da sb 13 15 tréng pp trong ban din P ciing ¢é ndng dd cao
hon hat thiéu s6 py trong ban din N do d6 c6 chuyén dong khuéch tén cia
céc hat din mang dién tich duong tai mién tiép xtc. Chuyén dong khuéch
tdn tao thanh dong khuéch tan Ji do céc hat mang dién tich duong va hat
mang dién tich am.

Tai ving tiép xtic, khi céc hat electron tir N chuyén dong khuéch tan
sang bén P, tai ddy c6 sin cdc 18 tréng nén trung hda véi cac 16 tréng hinh
thanh hai 16p ion dirong bén N (do nguyén tir ban din N bi mit mot hat dién
tir 16p ngoail cung) va 1dp 1on dm bén P {dﬂ nguyen tir cia ban dan P nhdn
thém mdt dién tr). Nhu vay, tai vun;b tlep xtc, cac hat din da s6 da trung
hoa khunh con hat dan da s0 nén vung nay con goi 1a ving ngheéo hay 1a
ving thiéu hat din da s6.

Hai 16p ion hinh thanh hai 1&p dién tich duong va dm (hinh 1.12). L:Srp
dién tich nay hinh thénh ngay mot dlen truedmg E Do ton tai q:hen ttu:'jng nep
xlc, cac hs_n,t tai thidu ‘m clia hai mién s& bi cubn vé phia d6i dién: 18 trﬁug
clia bﬁn din n chay vé phia cuc 4m cua dién truémg, dién tir cia ban din p
chay vé ph1a cye duong cua dién trudmg. Ching tao nén dong dién troi
nguoc chiéu voi dong khuéeh tan cua hat tai da sé.

Nnng dd hat tai da s6 trong hai khéi ban din cang chénh l1&ch thi hién
twong khuéch tédn cang ménh liét va qué trinh tai hop cang nhiéu, dén dén
dién truomg tiép xic cang ting va dong dién tréi cta hat din thiéu sd ciing
tang Vi vdy, chi sau mét khoang thoi gian rit ngén, dong trdi va dong
khuéch tan tr& nén cin bing nhau, tne:t tiéu nhau va dong téng hop qua mat
ranh giGi bang 0 (diém 0 trén dic myen V-A hinh 1.14). Ta néi chuyén tzep
P-N dat téi trang thai cin bang dong. Ung véi trang thai d6 dién truomg tiep
xhc ¢o gia tri xac dinh.

Dién thé cta ving tiép xlc Vi xdc dinh dbi véi mdi loai ban din, ban
dan Silisium ¢6 Vg = 0.6-07V; Ban din Germaniumcé dién thé tiép xtc 13
Vae = 0.2+03V. Dién thé tiép xic duge goi 1a hang rao dién thé ngin cén
khong cho cdc hat din da s6 chuyén dong tiép tuc tic 1a ngin khéng cho céc
hat electron da s6 di sang bén P hodc nguge lai. Do vay, dién thé ngoai cua
ban dan N va P ¢6 dién thé bing v&i dién thé cia 16p ion ving nghéo. Dd thi
hinh 1.13¢ biéu dién sy phén bo dién &p clia V, cia chuyén tiép P-N.

Bé d.:'l}' ctia ving ngheo ¢ trang thdi can bang ty 18 nghich v&i ndng do tap
chét trong hai khéi ban dén

12:5 1 1
1= :n+zp=”;fux(ﬂ+£) (1.17)

26



GIAO TRINH BIEN TIF CO’ BAN CHUONG 1

Trong d6:

£o: Hang s6 dién méi trong chan khéng = 9.10"*F/cm

e: hing s6 dién méi tuong dbi cia chat ban din.

lo: bé ddy ctia viing nghéo thudng rat bé khoang 10”°dén 10™cm.
Nong d§ tap chit ban din chénh léch N,>> Ny thi l,<< 1,, Lic do:

lo=1l,= f““m, =, (1.18)

1.2.2. Phéin cwe nghich cho chuyén tiép P-N (Vp< 0)

Gia sir nguon dién dp Vp duge dit vao chuyén tiép P-N nhu hinh 1.12
vai dién tich duong vao ban din N va dién tich 4m vao P ta goi 1a dién 4p
nghich Vpag.

Dién tr& ctia chit ban din & viing nghéo réit 16n do khéng ¢6 hat din
va dién tré ngodi ving nghéo ngugce lai rat nhd do ¢6 nhiéu hat dan dién, khi
dat dién ap nghich Vp lic do gﬁn nhu todn by dién ap Vp s€ dit vao ving
ngheo, xép chong 1én hiéu dién thé tiép xic Vi lam cho tinh trang cin bang
trude diy khong con nita.

S6 Iugng céc ion duong trong vunb nghm ciia chit ban din loai N s&
t.:'mg l1én (Hinh 1. ]31::) phu thude vao s6 luong rét 16n uic: dién tich ducmg tur
do lay tir dién thé dwong cua nguon dién ap cung cdp. Tuong tu s6 lugng
chc ion 4m s& ting trong chit ban din loai P.

Két qua 1am cho viing nghéo néi rong ra. Su noi rong cua ving ngheo
s& thiét 1ap mot rao can 16n dén ndi cac hat tai da s khéng thé nao bang qua
duge nén dong khuéceh tan 13 zero nhu duge trinh bay trong hinh 1.13.(b,c).

Do ving nghéo bi md& rong, dién tré cla n6 ting. Pién thé hang
rdo trd thanh:

Vo= Vit Vpng | (Vpag 12 dién dp nguoc) (1.19)

bién thé hang rao ting thém gid tri Vp, 1am cho dong trdi cia hat din
thiéu sb tdﬂg theo Vpy,, dién 4p & hai cye cia bin din P, N s& hat uic hat
din thiéu so khéng chi trong ving nghéo ma con cic hat dﬁ:ﬂ thiéu s6 bén
ngui’-u 1.frun nghér:- lam ting déng dign trm & mach ngoai do ndng d¢ hat ti
thiéu s6 von rét it, nén tri s6 dong nay rit nho, nhanh chéng dat téi gui tr1
béo hoa L(dong bio hoa — qaturanﬂn) ngay khi dién dp Vp,, con rat thap
bmu dién bing doan 0B trén dic tuyén V-1 Gi4 tri dong nguoc rat bé Is <
10°A.,
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Khi ting dién 4p phén cuc nghich Vp,, tai diém B, chuyén tiép P-N bi
danh thing do cac ion & ving nghéo bi tic dong cia dién trudmg ngodi nhéan
nhiéu nang luong va dao dong manh tai cdc nit mang tinh thé lam cdc moi
lién két cong hoa tri bi pha v&, dénh thing chuyén tiép hinh thinh v6 s6 céc
hat electron va 18 trong dénh thing, céc hat ndy s& chuyén déng dén noi hap
dan n6 la céc dién cyc tréi ddu , hinh thanh dong danh thing cing chiéu véi
dong dién nghich I, 12 doan BR trén dic tuyén V-I hinh 1.14. Thuomg thi
dong danh thing nay lam chuyén tiép P-N bi ph4 hiy nén khéng sir dung,
trir mot vai chuyén tiép P-N nhu chuyén tiép clia cdc ban dan suy bién.

1.2.3. Phén cuc thudn cho chuyén tiép P-N (Vp> 0)

E
Cj_a@ @EE@%@@

90
- A8 760628 T

2 O— %l @ 2
" L oltlE=g"oP | 1]
MI\{TB Slrale @ ks
O3 %QH
O H—0
I

Hinh 1.15. So do khoi chuyén tiép P-N khi phdn cue thudn

Khi ngudn dién 4p Vpm duge mic nhu hinh 1.15, dién ép duong dit
vao ban dan loai P, dién 4p 4m dit vao ban din loai N. S6 lugng céc ion
duong trong ving nghéo cta chét ban din loai N s& gidm xuéng phu thufjc
vao so luong rﬁt 16n cdc dién tich 4m tr do 1dy tir dién thé 4m cia ngudn
dién ap cung cAp va ion 4m bén bén dan P suy gidm do dién tich duwong tir
ngudn. Ving nghéo thu hep lai, dién thé hang rao giam mm‘.uh chi con Vi, -
Vom, dién tich q tai ving nghéo giam (Hinh 1.16b va c), ddng thdi céc hat
din da sb ctia hai ban din bi ddy mach do dién tich cing diu tao diéu kién
thudn lgi cho sy phun trao cta cac hat din da sb tix mién N sang P to dong
Iy (dimg phun trdo d]ff‘us.mn dong cua céc hat da s6 Imﬁ) Sur chuyén déng
ctia cac hat din tir mién N sang P xu}ren qua chuyén tiép ta c6 dong dién
thun tao béi hai loai hat din cia chuyén tiép P-N & mach ngoai:

Jo=lt1, (1.20)
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S
> 4

Hinh 1.16. a. Sw phin bo mét d¢ cia cdc hat dan trong vimg chuyén tiép;
b. Do thi dién tich cua cdc ion trén bé mat tiép xuc;
c. Phiin bé dién thé ciia chuyén tiép P-N, dién thé tiép xiic, phéan cic thudn

Dong do hat dﬁn da s6 ting nhanh theo dién 4p thuin Vpg, con dong
trdi clia hat din thiéu s6 thi gidm theo Vpg. Do dong hat téi thiéu s6 von rét
bé nén c6 thé coi nhur khong doi L.

Khi d6 dong tong hop qua chuyén tiép P-N sé la:
Ip=Ilpn—In, ’1 — & “vT}I (1.21)

Trong d6:
. Is: dong dién bao hoa.

al
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. Tin(laitrustion): domg dién thudn

. Ing(lasirr): dong dién nguoe

. n: hing s phu thude vao vit lidu: 1<n<2.
. kT: hiéu dién thé nhiét.

_ kT,

g

. Ty nliét 46 Kelvin Ty = T +273

e qdiéntich.q=1,6x10"C

e  k: hing sé Boltzman, k= 1,38 x 107 J/’K

o VT

& ID

0.7 Vi

Hinh 1.17. Bic tuyén V-I ciia chuyén tiép P-N khi phdn cuc thudn
Khi ting dién 4p thudn 1én cao dong chuyén tiép ting nhanh va khi
ting dén gid tri xdc dinh thi cac ion trong ving ngheo cling chiu di¢n trudmg
lon va phéd v& céac lién ket cong hoa tri gy hién tugng danh thing thuan,
diém Ry trén hinh 1.18.
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0 AQLTV

R
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Hinh 1.18.D6 thi diic tuyén V-I cia chuyén tiép P-N

Ta c6 thé coi chuyén tiép P-N 1y tuéng c6 dd thi biéu dién dong thudn
nhu doan OAR, 11*&11 dic tuyén V-I hinh 1.18 va phan phén cuc nghmh co
gia tr1 dong ngugc rat bé tuong duong bing 0 doan OB, ta c6 thé két luin
chuyén tiép P-N ¢ dic tinh Van — din dién mét chiéu.

Poan OAR; vi ORs c6 thé coi chuyén tiép P-N 1y tuong va néu dién
4p thudn dat vao chuyén tiép 1én hon nhiéu so véi 0.7 V ta ¢6 thé coi nhu
dién 4p trén chuyén tiép khi phan cyc thuin rit bé gin bing 0.
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| T = :- iR rh Maefived gubaeiry aenil
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""" ¥ 1 Forward-baus ragion
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| = iy | |
e ) | | T
A |
3.]- 4 |
X | |
—xd- ! 5 LI
i 1 |
l | | el | _'--'"'.'- } |
ik ik -Fil 111 -l | 'u T W
' - T T - L Ip.ﬁl T T O : 1 P ek
| | | T L Mo-binn_| | S R | ]
Muwvorse =tnus region | DRt ':'| - l." o daa = '.l' "|.I | :
Oy a O, Fpy m ] | L |
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| | |

Hinh 1.19. Bic tuyén Volt - Ampe ciia chuyén tiép P-N.
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Hinh 1.19 14 & thl cua phung trinh (1.21) ta c6 dic tuyén ant -
Ampe V-1 cla Lhuyen tlep P-N sir dung Si. Pac tuyen 6 dang phi tuyén tir
giatri0+0.7V, bét diu tir 0.7V ta ¢6 thé coi db thi dic tuyén twong duong
véi tuyén tinh.

Néu dat ngu:m xoay chidu v(t) vao :..huyén tiép P-N thi mach ngoai
cua th.l}fﬁﬂ hcp s& cho dong dién thudn vén gia tr1 16m khi phan curc thudn
cho chuyén tiép v(£)>0 va ngugc lai dong mach nguén s& bé gan bing khong
I,, khi phan cye nghich v(t)<0. Nhu vy, chuyén tiép P-N c6 kha ning chinh
luu dong dién xoay chiéu thanh mot chiéu. Ta c6 thé néi chuyén tiép P-N ¢6
dic tinh * Van” 13 diic tinh din dién mét chiéu.

1.2.4. Ciic hi¢n twong dfinh thiing chuyén tiép P-N

Khi chuyén tiép P-N bj phan cuc nguge, néu dién dp nguge ting dén
mdt gid tri kha 16n Vag thi ving tiép xtc bi tich dién nhiéu nén ¢6 nhiéu
ning lurong dao d6ng manh tai cde nit tinh thé va céc hat electron trong céc
moi lién két cong hoa tri trong ving nghéo nhin nhiéu ning luong s& birt
pha 1am v cAc mdi lién két cong hoa tri hinh thanh céc 16 trong va dién tir
danh thing va céc hat din nay s& chuyén dong theo luc hdp dan cua dién
treomg tao dong dién do cdc hat danh thing tao thanh cing chidu v&i dong
dién ngugc, nghia 13 chuyén tiép P-N din dién manh theo chiéu nghich, pha
hong dac tinh van cua nd. Hién tugng nay goi 1a hién twgng danh thing.
Pién ap danh thing k¥ hiéu Vgg (Break Down).

Nguyén nhén din dén dénh thing c6 thé do dién hoiic nhiét, vi viy ngudi
ta thudng phén biét hai dang d4nh thing v& dién va dénh thing vé nhiét.
a. Ddnh thiing vé dién (duoc chia lam hai logi)
# Ddanh thung thac li

Khi dién 4p phén cuc nghich cta chuyén tiép P-N ting, van toc cla
cac hat tai thiéu $6 tuong Gng véi d&mg dién bao hoa nguqc Is cling sé ting.
Khi dé, van toc clia n6 va dﬂng ning két hop vira da de phi v& cdc moi lién
két cong hoéa tri gidi phéng céc hat tai khic 1am ting s6 lm:mg hat tai (goi 1a
cdc hat tdi md rong) théng qua sy va cham v Léi, chu triic 6n dinh cua
nguyén tir khic. P6 12 mot qua trinh ion hoa s& din dén céc dién tir can bang
hap thu di ning leong d8 roi khoi nguyén tir. Sau d6, cic hat tai mé rong lai
tiép tuc va cham khi chuyén dong, lan rong qué trinh ion hoéa, tao nhiéu hat
dfin va cac hat s& d6 nhidu nhu thic 1 t6i céc cue hip din né tao dong théc 1i.

P6i véi mot s6 chuyén tiép P-N c6 cdu tao dic biét nhidu tap chét va
cO dac tinh riéng bigt ¢6 kha nang chiu nhigt dé cao xay ra hién tugng danh
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thing thac 1ii tai dién 4p ngugc bang dién ap Zener (V), lic ndy cac hat din
taii phu duge hinh thianh va dong dién nguoc ting nhanh do cac hat din
drrong va 4m tap thanh 1a doan BR, trén d6 thi dic tuyen hinh 1.20

IJI.

R R,
3 2 El‘! R]

0 ADLTV v

Ry

Hinh 1.20. Pdc tuyén V-1 ciia chuyén tiép cé viimg Zener
» Ddnh thimg xuyén ham

Hién turong dénh thing xuyén hiam 13 hién tuong khi chuyén tiép P-N
tao bdi hai ban dan c6 ndng dd tap chét cho (P™) va nhan (N'") rét cao. Do
d6, viing nghéo rat hep (c& 10°cm)va 16p ion viing chuyén tiép vimg nghéo P-
N rit ddy c6 dién trurong rit cao 10° Viem, khi d6 dién truomg trong ving tiép
xiic rét 16m, ¢6 kha ning giy ra hidu tmg “xuyén him” — hiéu (mg tunnel.

Do ndng do tap chét cao, cdc hat din da s6 trong ban din P va N rit
lém, dién tmi‘mg tiép xic ¢o giﬁ tri 1om h*nng ving nghéo ¢6 bé dﬁ,y hep, do
d6 gian 46 nang luang bi udn cong, cic mirc ning luong ving din cua ban
ddn N ngang v&i mire niing lwong vimg héa tri ciia ban din loai P, do d6 céc
dién tir trong ddi ty do hodc cdc dién tir c6 ning lwong vira di c6 thé xuyr:n
qua vimg bén kia 14 vimg din ctia ban din N va tao thanh dong trong ban dan.

Dong do cdc hat dan dién tir va 18 tréng xuyén qua hang rdo dién thé
goi 1a dong dién xuyén hdm — dong tunnel.

Hinh 1.21a biéu di®n mirc ning luong cta chuyén tiép P-N ¢6 nong do
tap chét cao, ta thdy ngay tai thoi diém lic ban diu céc mirc ning lugng nay
di hinh thanh va mitc E., Eq ctia ban din d3 giao nhau ngang véi vimg hoa
tri ctia ban dan loai P.
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(b)

Hinh 1.21. a. M6 hinh chuyen tzep P-N co m:-'ng do tap char cao;
b. Céc mirc ndng heong trong chuyén tiép P-N ¢6 néng dé tap chat cao.

Khoang giao nhau cta cac mirc ning luong twong dwong dién truwdmg
qV, nhur hinh 1.21b. Dién truong tac dong Ién cac hat din 1am dong trdi va
dong tunnel bing nhau va ngugc chidu nhau 1a diém 0 trén dic tuyén V-L
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Hinh 1.22. M6 hinh chuyén tiép P-N va cde mire ndng lwong hrong tir
trong hi¢u vmg xuyén ham (tunnel)

a7



CHU'ONG 1 GIAO TRINH BIEN TU CO' BAN

Khi phian cyc nghich cho chuyén ﬁép P++ va N++, dat dién tich
duong vao N va 4m vao P hing rdo dién thé ting cao, d6 cong ctia mitc
ning lugng cang ting, do do khodng giao ngang gilra cac mirc nang lugng
viing dan chia ban din N véi ving héa tri clia ban din P ting cao lam ting
hiéu {(mg xuyén him nhu trén hinh 1.22(b, ¢), dién trueomg trén ving dan
ting nhanh 16n hon gia tri lac ban dau khi chuwa cé dién 4p ngoai dit vao ta
cO q(Vo+ Vi) > qV,. Dong tunnel cang ting khi vimg giao nhau cing 16m.
Pong thoi, khi dién dp ngoai dit vao cang 1on cic moi lién két cong hoa tri
bi phd v hinh thinh vé s6 céc hat dién tir va 13 trong, cdc hat ndy chuyén
dong theo hiéu tmg Tunnel ting nhanh gén nhu tuyén tinh doan OR; trén
dic tuyén V-1 hinh 1.23,

Khi phan cyc thudn cho chuyén tiép P++ va N++, hang rao dién thé
sut xudng céc mirc ning lugng clia bén din loai N tinh tién 1én trén ( Hinh
1.22d.e) 1am suy giam dong tunnel, nhung dong ctia cdc hat din da s6 cua
hai ban din do bi dﬁy tir hai cue di chuyén dong théc 1ii tao dong dién thufn
doan OP trén dic tuyén V-1 hinh 1.23, dién mrémg hién tai q("v’ V) < -;]‘».F
va ngay cang giam dan, dong Tunnel cang giam do ving giao nhau gilta
ving hoa tri va Vuﬂg dan giam dan. Tai diém P (diém Peak), khi tang dién
4p thudn vao chuyén tiép, mirc ning lu'nrng Fermi Ed vii E, ctia hai ban din
ngang nhau nhw trén hinh 1.22e, hiéu (ng xu}ren him cham dit, dong dién
suy giam chi con dong thufin ctia cic hat da s, ta ¢6 doan PV trén dic tuyén
hinh 1.23.

K2

Hinh 1.23. Dic tuyén V-I chuyén tiép P-N ¢4 hi¢u tmg xuyén ham (tunnel)
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Khi ting dién 4p thuén, mic ning luong tiép tuc ding cao hinh 1.22e,
vimg din ctia bin din N++ ngang véi ving cAm va ding cao gin ngang
ving dan cta ban din P, lic nay dong trong chuyén tiép 1a dong thuin nhu
dong cua chuyén tiép P-N, dong ting theo ham mii (theo cbng thirc 1.21)
nhur doan VR, trén diic tuyén V-I trén hinh 1.23.

b. Danh thiing vé nhiét

Duéi tac dong cua nhigét 4§ moi tmffmg hodc tac ddng clia anh sang
chc ion tai ving chuyén tiép méit cin bang vé dién, s& tich liy ning luong
lam céc hat din trong mdi lién két cong hoéa tri trong ving nghéo ¢6 dong
ning lém birt khoi moi lién két hinh thinh cédc hat din dénh thing. Céc hat
din nay chuyén d6ng tao dong danh thing.

Pénh thing nhiét dién xdy ra do sy tich liiy nhiét trong viing tiép xic.
Khi c6 dién 4p nguoc 16m, dong dién nguge ting lam néng chat ban dan,
khién ndng d6 hat dén thiéu s6 ting va do d6 lai lam dong dién nguge ting
nhanh. Qua trinh cir nhu thé tién trién khién cho nhiét d6 ving tiép xic va
dong dién nguoc lién tuc ting nhanh, din dén dénh thing.

Hién twong danh thing nay c6 tri s6 dién 4p danh thing phu thude véo
dong dién nguge ban dau, nhiét d6 moi truong va didu kién toa nhiét cia
chuyén tiép P-N. Pénh thing vé nhiét, nhiét dién thudng pha hong vinh vién
dic tinh chinh lru cia chuyén tiép P-N.

Bién 4p phan cue nghich 16n nhét c6 thé dit 1én chuyén tiép P-N ma

tiép gidp chua bi danh thung dugce goi 1a dién 4p ngugc dinh (Peak Inverse
Voltage: Vpp).

1.3 CHUYEN TIEP P-N SCHOTTKY

La tiép xtic gdm mot khdi kim loai (nhu 13 platinum) va mot khéi chat
ban din P duge ghép lai véi nhau. Do dé khéng c6 su tich lity cdc hat dan,
nhitng linh kién ban din dugc ché tao dudi dang nay thudng dugce st dung
cho nhitng (mg dung mé yéu ciu téc d6 chuyén mach cao. Hoat dong cla
chuyén tiép twong tr nhur chuyén tiép P-N.
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1.4 BAI TAP
1.4.1. Céu héi tric nghiém
Chit ban din thuén 14 chét ban din

F=3 - F o p‘ + #
a. Khong c6 su tham gia clia nguyén to ngoai lai.

f—

b.Bugc tao thianh tir cdc nguyén t6 ¢6 héa tri IV,

c. Pugc tao thanh tir nguyén t6 ¢6 héa tri 11 véi nguyén td ¢6
héatn V.

d.Chét khong din dién tai 0°C
% Chét ban dn tap chat dang n 13 chét ban din
a. Thudn c6 pha thém tap chét 12 nguyén t6 ¢6 héa tri IIL
b. Thudn ¢6 pha thém tap chét 1a nguyén t6 ¢6 héa tri V.
c. C6 hat tai da s6 1216 trdng tyr do.
d.Cé cédc hat mang dién tu do 1416 uéug va dién tir.
3. Chét ban din tap chét dang p 13 chét ban din
a. Thudn c6 pha thém tap chit
b. Thudn ¢6 pha thém tap chét 1a nguyén t6 ¢6 héa tri V.
c. C6 hat tai da s6 1416 trong tyr do.
d.C6 cdc hat mang dién tu do 1215 tréng va dién tir.
4, Chuyén tiép p_n khi chua duge phin cuc
a. Dong dién chay trong né bang dong nguge bio hoa (cé gid tri
rat bé) vi ton tai mot dién truomg Ex tai bién gidi tiép xiic.
b. Dong dién chay trong né bang dong nguge bio hoa (c6 gid tr
rit bé) va khong ton tai dién truomg Eg, tai bién gioi tiép xdc.
c. Dong dién chay trong n6 biang 0 va dién trudmg Eq tai bién
gidi tiép xtic ciing bing 0.
d.Dong dién chay trong né bang 0 va ton tai mot dién truong
Eix tai bién gidi tiép xiic.
5 Chuyén tiép p-n c6 dic tinh
a. DAn dién theo mot chidu
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b.Dan dién khi dugc phin cuc thudn va hd mach khi bi
phiin cuc nghich.

c. Dan dién theo ¢4 hai trudng hop phin cuc thuin va nghich.
d. Khéng dan dién
6. Tiép xtic Shottky ¢6 dic diém
a. Gom kim loai va bén dén tiép xic nhau.
b.Gom bén din loai n tiép xtc ban dan loai p.
c. Téc d6 chuyén mach chdm hon so véi ban dan.
d. G6m hai ban dén tiép xdc nhau.
2, Chuyén tiép p-n bi ddnh thing vé nhiét khi x4y ra hién tugng
a. Pién ap dat trén hai dédu cia nd vuot qua dién dp Vgr.
b. Dong dién nguoc qua chuyén tiép p-n vuot qud gid tri cho phép.
c. Bién ap dat trén hai dau cia nd vurgt qua dign dp V.,
d.Ciavab.

8. Cac hién tugng dénh thing sau day, hién tuong nao s& pha hay
toan bo ddc tinh van ciia chuyén tiép p-n.

a. Danh thung vé dién.

b. Péanh thing vé nhiét.

c. Danh thing xuyén ham.
d.Panh thing thac 1.

8 Cong thirc nao 1 céng thirc mé ta cia dong dién chay trong
chuyén tiép p-n

B
o dusl 1)
gl
b IF_H s —'If(l’f nky _1)
¥y
S N )
vy
i Le=TEE
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10.  Chuyén tiép p-n khi bi phén cuc nguoc

a. Ving tiép xic bi thu hep lai va dién trudng trong ving tiép
xtic giam so voi lie chua c6 dién trudmg ngodi.

b.Ving tiép xtc duge md rong ra va dién trudng trong ving
tiép xiic giam so véi ldc chua c6 dién trudmg ngodi.

c. Ving tiép xtic dugec md rong ra va dién trudmg trong ving
tiép x(ic ting so vai lic chua cd dién trudomg ngodi.

d. Ving tiép xtic dugc thu hep ra va dién truomg trong ving
tiép xiic ting so vdi lac chua cd dién trudmg ngodi.

11.  Chuyén tiép p-n khi duge phin cuc thuin

a. Ving tiép xic bi thu hep lai so véi lac chua cé dién truong
ngoai.

-, v A » . a Fe [ r =
b.Vung tiép xhc duge mo rong ra so voi luc chua cd dién
trudng ngodi.

c.Ving tiép xtic khong thay doi so v&i lac chua c6 dién
trudng ngodi.

d.Pién trudmg trong ving tiép xiic ting so v&i lac chua co
dign trudmg ngoii.

12.  Vimg tiép xtc trong chuyén tiép p-n ¢6 dic diém
a. Khong ton tai cic hat mang dién ty do.
b.Khéng ton tai céc ion tap chit.

c.Cé céc ion tap chit mang dién tich duong phia bén bén din
N v cdc ion tap chét 4m phia bén bén dén P.

dCiaavac.

1.4.2. Cau tu luin
13. Giai thich ddc tinh “Van”- diic tinh chinh Iwu ctia chuyén tiép P-N?

14. Giai thich co ché din dién theo thuyét ning lugng cia chuyén
tiép P-N ?

15. Giéi thich ciu tric theo thuyét ning luong ctia bén din ¢6 nong do
tap chat cao N, N+, N++

16. Thé nao 13 hiéu (mg xuyén him?
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Chwong 2
DIODE VA MACH U'NG DUNG

2.1. PAI CUONG VE DIODE
2.1.1. Chu tao

Diode 14 linh kién bén din c6 cdu tao co ban trén chuyén tiép P-N va
duge két nbi véi bén ngodi théng qua hai dién cuc kim loai Anode va
Kathode.

L] [ @@
o5 o i eoer S,
0% o M o°e® "
G et DR e_ @B\ @ SR b
Cathode N ooP Anode
g% BB oo
_I"": Bl ece
Vo
+
g
—_—
In

Hinh 2.1. Cdu tric va ki hieu cua diode chinh lu
2.1.2. Dic tuyén von - ampe cila Diode
Do ciu triic cua diode 13 chuyén tiép P-N, nén phuong trinh dong dién
qua diode chinh 1a phurong trinh dong dién chay qua chuyén tiép P-N:
I, =1 (EVDMVT E 1) (2.1)

Trong do:
Is: dong dién bido hoa.
n: hé s6 didu chinh phuy thude vio vét lidu. 1<n <2
kL
q
Ty: nhiét 46 Kelvin Ty = T +273
q: dién tich cta dién tir. q=1,6 x 107 C
k: hing s6 Boltzman. k= 1,38 x 10~ J/K

Vr: hiéu dién thé nhigt V, =
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1 fMA)
20
L
S
10
Ig(Sil=10nA
\GASH) l"..zlﬁm ¢ i
: X 0102 03 04 035 08 0.F 0.8 1 ¢
'f‘ ..................... i i ""'rl'f‘l""I
Si  iGe

Hinh 2.2. Ddc tuyén Vén — Ampe ciia diode Ge va Si.

Diode Silicon c6 gia tri dién ap ngugc cuc dai (PIV), dong dién va day
dién ap hoat déng 1om hon diode Germanium. Dién ap PIV doi véi Silicon
vio khoang 1000V trong khi gia tri PIV 16m nhit ciia Germanium 1a 400V,

Silicon c6 thé sir dung trong cac mg dung ma nhiét 46 co thé 1én dén
200°C trong khi nhiét 6 chiu dung lém nhét ctia Germanium 14 100°C.

Pién 4p tai thoi diém bit dau din duoc xem 1a dién dp ngudng
(threshold) va ki higu 14 V... V,, = 0.7V (Silicon); V,, = 0.3V (Germanium).

2.1.3. Céc tham so ciia diode

a. Dién tro tinh (hay dién tro Rp):

Pién tro tinh ciia diode tai diém hoat dong c6 thé tinh mot cach don
gian bang cach tim cic mic dién ap Vp va dong dign I twong (mg voi dién
&p ngudn cung cip DC dugce trinh bay trong hinh 2.3 va ép dung phuong
trinh sau:

R =Yo (2.2)

ID

Cdc mite dién trd tinh tai vi tri diém ubn va phia dudi diém uén c6 gid
tri 1ém hon dién tré DC tir diém u6n tré 1én, Cic mire dién tré DC trong
ving phin cyc nghich ¢6 gid tri rat 1om.
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v

Vp (V)

Hinh 2.3. Xdc dinh dién tro Rp ciia diode tai diém lam viéc.
b. Dién tré dong (dién tré rp):

Trong phuong trinh (2.2) dién tr¢ DC cua diode khnng phu thuﬁc vao
hinh d:zmg ddc tinh trong vung xung quanh diém tinh Q. Néu xép ::hnng mat
ngudn tin hiéu sin 1én ngucm dién ap DC & trén thi tin hiéu vao thay dbi s&
lam diém hoat ddng thay di 1én va xudng nhu hinh 2.4,

Néu tin hiéu bién thién dua dén bing 0, diém hoat dong s& 13 diém Q
xuét hién trén hinh 2.4 deoc xdc dinh bai cdc mie dién 4p DC. Piém gén
chit Q duoc rit ra tir chir Quiscent ¢6 nghia 1a mirc khong thay d6i hay con
goi 1a diém tinh hay diém lam viéc ciia mach dién tir.

dudng dac tinh [

dudng tiép tuyén

Dpuint
. ¢ (dc operation)

Hinh 2.4. Dang song trén diode khi co tin hiéu nho AC.
Phuong trinh tinh dién tr¢ dong cua diode 1a:
AV,
= 253
A (2.3)

o

Tn
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Al

AVp

Hinh 2.5. Xdc dinh dién tré AC tai diém Q.

Néu ving lam viéc cia diode duge xem 1a tuyén tinh thi dién tr& déng
ctia diode trong phuong trinh (2.3) ¢6 thé dwoc viét lai nhu sau:

_dvp
di,

Fp

Tir phuwong trinh (2.1)taco: I, +1; = IEEVD.":}VT

ID +IS e EVDIIFHFT
I
I,+1
hay V, =nV,In-2 *s
5
Viy r, =22 - 1V 24)
diy bt
Khi phan cyc thuin, dong I, >> I, nén rp ¢6 thé tinh gan ding nhu
sau:
V
r, ;"}—T (2.5)

Truomg hop n =1 va xét tai nhiét do phong T, = 25° C thi Vr=26mV:

26mV
jl-IEII

(2.6)

Pén day ta c6 thé tinh dién tré AC ma khong cén phéi vé duong tiép
tuyén. Phuong trinh (2.6) chi chinh x4c khi ving hoat d6ng cta diode c6
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thé duoc xem 13 tuyén tinh va gia tri clia I ndm & ving thing dimg cua
dudmg cong.

Khi I niim tir diém udn tr&r xudng thi gid tri n = 2 (Silicon) lam dong
Ip giam xudng phén nira va két qué 14 dién tré rp nhan thém hé 6 2.

Tét ca cac dién tré dd xac dinh 12 chua tinh dén dién trd ctia chinh vt
liéu ban din va dién tr& bdi cac diu nbi giira viit liéu ban din va cac diy dan
kim loai bén ngoai. Cac dién trd niy dugce cdng lai va ki hidéu 1a rz va duge
tinh thém vio dién tré AC, két qua dién tré ry’ gi":‘-m cO dién trd dong rp va
dién trdr rg:

. 26mV

Iy = + 15 (2.4)
L

Dién tré ry nam trong khoang tir 0,10 d6i véi céc linh kién cong suét
1ém cho dén 22 d6i véi cac linh kién cong sudt thép.

¢. Mach dién twong duong cia diode

Mgt mach dién tuong duong 1a to hop cac phﬁn tir duoc lra chon mot
cach hop 1y dé bigu dién cdc dic tinh ciia mét ]ian kién thit, mot hé théng
hodc mdt ving hoat déng dic biét mot cach tot nhat.

Mach tuong duong tuyén tinh phan doan:

M6t phuong phap dé thanh lap mach dién tuong dwong cho diode
bing céch k& cdc dudmg thing gin giong nhu dudng dic tinh nhr trong hinh
2.6a. Mach dién twong duong dé duge goi 13 mach dién tuong duong tuyén
tinh phén doan. Bdi véi phan d6 dbc cia dudng cong twong dwong thi dién
trd AC trung binh chinh 14 dién tré c6 trong mach dién tuwong duwong nhu
hinh 2.6b. Do diode Silicon chi din khi dién 4p Phﬁn cuce thuan Vp bﬁng
0,7V (nhu hinh 2.6a), mdt nguon pin V, s& thay the twong dwong, két qua ta
¢0 mach dién tuwong duong nhu hinh 2.6b.
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i Iy (A 4 :UU.II
10 | Y o
L H &
B + VD
| vV i
—H FIAAAA—o
— .. o
| . " s 0.7V
0 0.70,8 Wy (V)
\&
(a) (b)
Hinh 2.6. a. Mach twong dwong dimg cdc dwong thing gan véi dwong
dac tinh;

b. Mach dién twong duong cia diode.
Mach dién tuong dueong don gidn:

Trong hiu hét cac (mg dyng, dién tr& trung binh r,, kha nho nén c6 thé
bo qua khi so sanh v&i cdc phén tir khc trong mach. Khi b dién tré r4, khoi
mach dién tvong duong, mach dién va dudmg dic tinh ¢6 dang nhur hinh 2.7.

ik
Ip (mA)
. H .
lay=0 +
Vb
Ll V,
-
L3
; o oV
i vT 0 -;'I"j V)

Hinh 2.7. Mach dién tuong duong dom gian cia diode.
Mach dién tuong dwong 1y tudmg:
Sau khi bo qua gia tr1 dién tr&d trung binh r,, khé1 mach dién tuong
durong, bay giir ta thye hién thém mét budc nira 12 dién ap 0,7V c6 thé bo
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qua néu so sanh véi mite dién 4p tin hidu cung cép khéd 16n. Trong trudng
hop nay mach dién twong duong chi con lai 1a mét diode 1y tudng va dic
tinh ctia n6 nhu hinh 2.8,

+ IDtmm
Vo | d:ardii
+ —~ / 1§ Wwdng
o H o)
3 [
§] Vo D

Hinh 2.8. Diode ly twong va dac tinh cuia no.
d. Dién dung cia diode

Cic linh kién dién tir rit nhay v6i tin s6 rit cao. Hiu hét cde anh
hudmg cua dién dung néi tiép bi bo qua khi 1am viéc & tin sb thip vi

X.= 2};{: cb gi4 tri rat 16m (twong dwong nhu hé mach). Tuy nhién khéng

thé ndo bo qua khi 1am viéc & tin sé cao. Vi gia tri X, giam nho s& ngin
mach céc tin hiéu cé thn s cao. Trong diode bén din P-N, ¢6 hai anh huong
ciia dién dung cén phai xem xét d6 13 dién dung chuyén tiép va dién dung
khuéch tén.

Co=0C,+Cy
Cr ld dién dung chuyén tiép (transistion)
Cp la dién dung khuéch tan (diffusion)

Trong chuyén tiép P-N, ving tiép xtic mang tinh chét nhw 1a chét cdch
dién giira hai 16p dién tich d6i nguoc nhau vi viy né tuong duong mdt tu
dién ¢6 dién dung goi 14 dién dung chuyén tiép. P rong ving nghéo nay
tang ti 1& véi dién 4p phan cuc nghich, vi viy dién dung chuyén tiép s& bi
thay d6i tiy thude vao dién ap phin cuc nghich cung cip.

A
Cr=s" (2.8)

Trong d6
1 o £ . A A s = Y " = A & v =
£ la hang so dién moi ciia chat cach dién giira cac ban cuc
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A la dién tich tiép xiic ciia hai chdt bén ddn n va p
d li bé day ciia vimg tiép xiic
Céc édnh hudéng o trén cung xéy ra ddi véi ving phan cuc thudn gia trl
cia tu dién phu thude vao toc d6 céc dién tich duoc phun vao céc ving ndm
ngodi ving nghéo. Dong dién ting s& lam ting dién dung khuéch tin. Khi
ting dong dién s& 1am gidm dién tr& va két qua 12 thei hang v = RC gidm
tong thé & ving phan cyc thuan.

g e (2.9)

dv

= r = _.! "
Q: dién tich mién nén cua diode.

F C-[PF:]
15 ]
/
/
10 /-
— Phdn cue nguoe (C S J,
Fi
¥
-
o
P
== -
e Phiin cuc thuan (Cp )
V) -25 20  -15 -10 -5 0 0,25 0,5

Hinh 2.9. Dién dung chuyén tiép va khuéch tan ti I véi dién dp phdn cue.

~ Cac anh hudmg vira dién t4 & trén duogc minh hoa bﬁng mot tu dién
mic song song v&1 mot diode 1y twdong nhu hinh 2,10, Trong cac (mg dung
tin s6 tir trung binh tré xubng, c6 thé bé qua 4nh hudng cia tu.

CT or CD

Fa
I\

. >

Hinh 2.10. Diode va dién dung cua diode.
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e. Théi gian khoi phue ngwoce

MGt trong nhimg thong s6 chua xét dén 1a thoi gian khéi phuc nguoce
le. Trong trang thai phin cyc thuin nhu da trinh bay ¢ trude, ¢6 mot 80
lwong 16n céc hat dién tir tir chit ban din N khuéch tin sang chit bén din
loai P va mét s6 Iuong 16n cde 18 trong tir chat ban din P khuéch tin sang
chét ban din N dé thuc hién qua trinh din dién. Céc dién tir trong chit ban
din loai P va 18 tréng trong chét bén din N trdr thanh cdc hat tai tiéu s trong
mobi chét ban din va s luong by gio rat 16m.

Néu dién fip cung cép dbi chiéu 1am diode chuyén sang trang thai phén
cuc nghich thi doi véi diode 1§ twdng s& chuyén tir trang thai dan sang trang
thai ngung din tirc thoi.

Do mét sb lwong kha 16n cac hat tai thidu s6 con trong mdi chét béan
din nén diode s& phin cyc nghich nhur hinh 2.11 va thoi gian luu trit t;, 1a
thi gian dé cac hat tai thiéu sd quay tro vé trang thai hat tai da s6 cua ching
& chat bén din dbi dién. Pidu nay c6 § nghia 1a diode vin con & trang thai
ngan mach v&i dong Lerse diroe xdce dinh boi cae théng b cia mach.

Khi thori gian t, da hét (cac hat tai da vé dang trang théi), dong dién s&
gidm vé 0 (mg v&i trang thdi ngung din, khoang thisi gian chuyén trang thai
ndy duge ki hidu 13 t. Thoi gian khdi phuc ngugc 13 téng cia hai théng sé
thoi gian: ty =t + t.

Véin dé ndy tré nén quan trong trong céc tmg dung chuyén mach toc
d6 cao. Hau hét céc diode chuyén mach ¢ thoi hing t. vio khoang vai nano
gidy dén 1 ps.

F A !E.i

Sur thay diii cla trang thii (mé—1dL)
/}fﬁu ciutaift =1,

Dép (g mong mudn

&

t

Em— L"l" i -

" 1. »

Hinh 2.11. Xac dinh thoi gian khoi phuc nghich.

al
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f. Anh hwéng nhiét do

Nhiét d6 ¢6 thé lam anh huéng dang ké dén dic tinh cia diode bén
dan nhur hinh 2.12. Qua cac thi nghiém ngudi ta tim dugc méi lién hé nhu
sau: “ Dong dién bao hoa nghich Iy sé tang gap doi khi nhiét do tang lén
IO

i fpimA)
(392°F) (-103°F)
s 200°C  100°C25°C  -75°C
! 1; .I'Ir : -'-
| DT N
10 J ;
I I .-"r I g
a A Dikmshi
I 7 ¢ ctamso)
6 Jil .FI ..""{ |
b T nhigt dé phong)
4 'f Fl /; I.."
PR
(V) 5] g bl | |
S0 40 30 20 10 Ag e :
| | | [ [ R 1!,5 ! -
1 :
RS PR ———— :;_] 0.7 Vol V)
| :
el ey
] .
l | ; -3
1 "
I ! :-
: fed)

Hinh 2.12. Cac ddc tinh khac nhau cia diode khi nhiét do thay déi.

P6i vGi diode Germanium, véi dong Is vao khoang 1 hoiic 2 pA @
nhiét d6 25°C va c6 thé dat dén 100pA tai nhiét d6 100°C. Gid tri I§ cia
diode Silicon thip hon so v&i Germanium véi ciing mét cong sudt va cde
mirc dong dién duge trinh bay & hinh 2.1. Két qua 1a ngay khi & nhiét d6 cao
cic mirc dong dién I cia diode Silicon khong bang cic mirc dong clia diode
Germanium — d6 chinh 14 mét nguyén nhan ma cic linh kién silicon dugce sir
dung trong cac g dung do1 hot dong 16n,

2.1.4. Cfc thong s6 giGi han cia diode

Béng théng s6 cua céc linh kién bén din thuomg duge cung cép boi
nha ché tao. Hau hét bang théng s6 cung cdp cdc théng sd gigi han cho
phép. Ngoai ra, con cé thém céc dic tinh d3 kiém tra théng qua hinh 4nh,
béang biéu... Cic théng s6 ndy bao gom:

1.  Dién ap phin cuc thudn Vg tai dong va nhiét d chi dinh.

o2
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Dong phan cuc thudn cuc dai I tai nhiét do chi dinh.

Dong bio hoa ngugc I tai dién 4p va nhiét d6 chi dinh.

Bién ap phéan cuc ngugce danh thiung PIV tai nhiét d chi dinh.
Mirc cong suét tiéu tan cuc dai tai nhiét 46 dic biét

Dién dung cua diode.

Thi gian khoi phuc phén cuce nghich t, (reverse recover time)
Déy nhiét dd cho phép lam viée.

Tuy thude vao timg loai diode sir dung, bang dir liéu c6 thé duwge cung
cap thém cdc théng s6 khéc nhur diy thn s6 lam viée, mitc nhidu, thdi gian
chuyén mach, cic mirc dién trd ngudng va cic gia tri dinh.

o, A B W e Gl R

C6ng suat cye dai duge tinh nhur sau:
P =Wl (2.10)

Néu chiing ta st dung mé hinh don gian d6i véi cde (mg dung thi ¢6
thé thay thé Vp = Vr= 0,7V ddi v6i diode Silicon.
2.2. CAC LOAI DIODE

2.2.1. Diode chinh lru

Céu tao 1a mot chuyén tiép P-N, tiép xiic mit. Do vy diode chinh luu

¢ kha ning chiu duge dong tai 16n. Ung dung trong cic mach chinh luru.

Vb

r B é

Hinh 2.13. ki hiéu cua diode chinh furu.

2.2.2. Diode cao tin

Chu tao 13 mét chuyén tifp P-N, phin bén din P 12 kim bén diin, N 13
tdm bén dan. Chuyén tiép P-N ¢6 kich thude cuc nho do vy diode cao tan
co dién dung tiép xac bé, hoat dong dugce & tan so cao. Ung dung trong cic
mach bién tﬁj; dao ddng va mach tach séng cao tan.
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o+

Vi
>

Hinh 2.14. Ki hiéu cia diode cao tan

2.2.3. Diode Zener

Céu tao co ban trén chuyén tiép P-N, vit lidu cta chuyén tiép P-N 1a
vit liéu chiu nhiét va toa nhiét tot, do d6 nd chiu duoc dong ngugce 16m. Hoat
dong chi yéu & vimg phin cue nguge. Ung dung trong cdc mach 6n 4p, tao dién
4p chuan. Ving Zener 14 vimg ¢ dudmg cong dic tinh roi thang dimg tai V.

I

Ve L
#

—
—
s ]
33
LY

e

IJ\\?l".l:n'

a. b.
Hinh 2.15.a. Ki hiéu ciia Diode Zener; b. Pdc tuyén cia Diode Zener.

Vi tri ctia vimg Zener c6 thé thay ddi duge trong cong nghé ché tao
bing cich thay d6i nong d6 tap chit trong chét ban din. Diode Zener ¢6 thé
ché tao v6i cdc mirc dién 4p thay dbi tir 1,8V dén 200V véi cong sut tidu
tan tir 4 W dén 50W. Do hoat dong & nhiét dd cao va kha nang chiu dong
16n nén silicon 14 chit ban din cha yéu dé ché tao Diode Zener.

Mach dién turong duong cta Diode Zener trong ving Zener gdm mit
dién tr& d6ng nhd va mot ngudn pin tuong duong véi dién 4p Zener nhu
hinh 2.16a. Tuy nhién, trong cic img dung, ching ta xem dién tr& bén ngoai
16n hon dién trd Zener rdt nhidu nén mach dién tuong duong don gian chi
con lai ngudn pin nhu hinh 2.16b.

o4
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o o o

et

Q Q o]

(a) (b)
Hinh 2.16. Mach dién tuong duong cua Diode Zener.
Cic théng so dic trung cia Diode Zener:

—  Dién trd twong duong (dién tré dong) tai diém lam viée.
dv, .
= 211

L al, ( )
—  Pién tro tinh

B m (2.12)

I,
— Hé sb 6n dinh nhiét
P (2.13)

T_Vz AT Tz=const

Trong d6 AV la su thay doi dién ap Zener phu thube vao su thay doi
nhiét do. Hé s6 nhiét co thé 12 dwong, 4m va ¢ thé bing 0 dbi véi chc mire
zener khic nhau. Véi gid tri duong cho biét dién 4p V, trong viing ting theo
nhiét do, trong khi gia tr1 d&m Vy s& giam khi nhiét d6 ting. Diode Zener thudmg
dugc sir dung trong cac mach nguﬁn, mach 6n dinh dién 4p, mach so sénh.

2.2.4. Diode bién dung (varicap)

Céu tao trén chuyén tiép P-N, phén cuc nguoc cé dién dung thay ddi
theo dién ;iP nguge dat vao (Hinh 2.18). U'ng, dung trong céc mach tu diéu
chinh tin 86 cong huéng, mach khuéch dai, bién tan, ...
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Cr = f(Vg) T 7 ?
4 Yy h 4 *
Ry Ry > 1ML Ls
(0.1-120) (1-5nH) o o o

(a) (b)
Hinh 2.17. Diode bién dung a. Mach dién twong dwong; b. Ki hiéu.

A
C (pF)

T 80

+ 60
+ 40

T 20

Tl T O O 0 O [
-14 -12-10 8 6 4 -2 Vr(V)
(Ve(V) = phan cuc ngugc)

Hinh 2.18. Pdc tuyén ciia diode bién dung.

2.2.5. Diode tunnel (diode xuyén ham)
Céu tao co ban trén chuyén tiép P-N ¢6 ndng d6 tap chét cao dya trén
hi¢u tmg xuyén ham. Hi¢u img nay tao dic tinh dan di¢n 2 chiéu cta diode.
Ung dung trong cac mach tao dao dfng siéu cao tan...

G o o o
y
Ry SpF T +TLT“'
V9 . et e p
1.50 6 nH vy Z Yy w Y
_Jl,'fw_
R(-15202) 'l
8] O o
(a) (b)
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T4 B,

IF___

v
£ G
|

-’_’_..-’ VF V\.'
3
P
.-'.'/
z"/
i
,f/
Rz (c)
Hinh 2.19. Diode tunnel: a. Mach dién twong dwong; b. Ki hiéu,; c. Dac

M}rén V-A

2.2.6. Diode Schottky

Céu tao co ban trén P-N, tiép xtc Schottky gdm ban din véi kim loai:
khéng ¢6 sy tich liy hat dan do d6 tu dién twong dwong nhéd nén chuyén
mach nhanh. Ung dung trong cdc mach yéu ciu toc d6 chuyén mach nhanh,
khoa dién tir, mach loc séng, tach song...

Tin'rl'p x0e
bing ving

Anode (+)

Kim loai

Mimg Si(n
Tiép gidp bin din kim loai
icp gidp ban dan kim logi H_ o

Tiép xbe kim loai

-

Cathode (-}

(a) (b)
Hinh 2.20: a. Cdu tric; b. Ki hiéu cua diode schottky

a7
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Diinde "l&“:;:f
5 n
e tifpp-n
/
f
!
!
/ -
— e —— — — -.I"'h
I
!
| Trndz Dinds
:_Eg.dn Hchoirky
f e

Hink 2.21: Bde tuyf‘:n Fein- ampe cia diode sefoflior so sdnh v diode c'.ﬁu}'é'"'ﬂ !’:'étp o

2.2.7. Diode phit quang (LED- Light Emitting Diode)

Céc bo hién thi trong mdy tinh sb, trong dong hd sb va trong mdt sé
thiét bi thuomg ding led phét quang hodec LCD (liquid erytal display). Led
phét quang 14 mét diode cé cdu tric dic biét cé thé phat ra 4nh sdng khi
chuyén tiép P-N duge cung cap mot dién trudmg thich hop.

Trong mét vai nguyén t6 theo cédu tric chia Bo, khi dién tir chuyén
dong chiém giir mitrc ning lrong cao hon hodc téi hop, cdc electron s& phét
ra mét niing leong lugng tir, ning legng lugng tir ndy c6 bude séng va tin
sd x4c dinh. Trong mdt s6 vit liéu Gallium arsenide phosphide (GaAsP hodc
Gallium Phosphide (GaP), ning luong ndy phat sang va c6 thn sd
xac dinh.

C6 ba loai mau sic 4nh sdng mét ngudi ¢o the phan biét: Az, Ag, Aso.

L o i visidle
-
< light

Hinh 2.22: Led a. Cdu tao; b. Ki hiéu.
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# Pic tinh cia led:
LED 14 linh kién ban din ¢6 2 cuc, khi phéin cuc thuén sé& phat ra dnh
sdng ¢6 budc séng xac dinh. Dic tuyén V-A cua LED tuong tu nhu diode,
tuy nhién, dién ap phan cyuc thuin (Vi) cao hon va dién ap phin cuc nghich
(Vgr) thip hon. Céc ddy dién 4p 1am viéc théng thudmg cia led nhw sau:
— Dién 4p phin cuc thun: +1V d&n +3V (tiy theo diode).
— Pién 4p phén cuc nguoe: -3V dén —10V.
Dong dién trung binh phén cyc thudn thudmg 14 10mA.
» Dién tré han dong Rs:

Trong céc mg dung thye t€, sit dung led thuomg méc thém dién tro
han dong mic ndi tiép. Dién tr¢ phai dugc tinh toan sao cho dong cuc dai
qua led khéng duge vuot qua dong cho phep.

(714 tr1 cia dién tré Rs duoc tinh nhur sau:

V,, (max) -V,

R =t Uy
3 7

(2.14)

Trong do:
Vouiimax) 1@ dién ap dinh ngo ra cia mach.
Vr la gia tri dién ap Vi nho nhat ciia led.

Iy la dong dién cho phép lén nhdt cia led.

2.3. GIAI TiCH MACH DIODE

Xeét mach dién hinh 2.23a sir dung mét Diode cé déc tinh nhu hinh
2.23b. Néu diode duoc cho 1a 1y tuéng ta ¢ thé xét db thi V-A ctia Diode
doan OAR,. Gia sir Diode 1§ tudéng va 1am viée tuyén tinh ta coi 1a AR,
(Dic tuyén song song véi Ip). Néu dién 4p ngudn 16n hon 0.7V (Epe>> V, =
0.7V) ta coi 1a doan OR;,

Ap dung dinh luét Kirchhoff cho hinh 2.23a, két qua la:
E-V,-V, =0 (2.15.2)

Hay E=V,+V,=V,+RI, hay I, :—V_;+ (2.15.b)

= |
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InfmA)
R3 Rz R-I

L8] A0S
Vp(V)

(a) (b)
Hinh 2.23.

Tir phuong trinh 2.15(b) c6 thé v& duge d6 thi cta né trén dudng dic
tinh cta diode (hinh 2.24).

Voo E Vb

Hinh 2.24. Duong tai DCLL cia diode.

Piém giao nhau cta phuong trinh 2.15b va dudmg cong dic tinh cia
diode dugce goi 1 diém tinh Q (Vpg, Ipg). Phuong trinh 2,15b duge goi 1a
phuong trinh duémg tai tinh DCLL (Direct Current Load Line). Thay doi E
ta c6 cdc dudmg tii song song, diém Q c6 thé thay doi dat dén Q.

1

tgpey = — i goc cua dudmg DCLL
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2.4. CAC MACH UNG DUNG CUA DIODE
2.4.1. Mb hinh diode mic néi tiép vi song song
a. Noi tiép:

Trong phin niy, mach trong duong duge sit dung dé tinh todn cic md
hinh néi tiép cdc diode vdi tin hiéu vao DC.
Xet mach dién nhu hinh 2.25:

—0 H
Si

== ReVe

1 4

=+

Hinh 2.25: Cau hinh diode mdc néi tiép.

Mach dién néi tiép trong hinh 2.25, ta thay diode bing mét dién tro R
nhu hinh 2.26, khi d6 chiéu dong dién chay trong dién tré R clng chiéu vai
chiéu dong dién thuin ciia diode va E >V, nén diode ¢ trang théi dan.
Mach dién duoc vé lai nhu hinh 2.27.

Vi -
—o—! TV
r[D 0.7V
+ +
E—..— R ‘u_i’.R
o

Hinh 2.26. Xdc dinh trang thdi cua diode.
Hinh 2.27. Thay thé mach twong dicong.

Khi d6 dién 4p trén dién o R: V, =E -V,

Y
R

Trong hinh 2.28, diode 1am vigc & ché d6 phén cye nguoc. Thay the
diode bing mdt dién trdr nhur hinh 2.29 va két qua 14 chiéu dong dién nguge

Va dong qua dién trd R la: I,

61
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véi chidu k§ hiéu cia diode nén diode ¢ trang thai ngung din (OFF) va
dugce thay thé bing mach tuong duong nhu hinh 2.30. Do hd mach nén dong
bang 0A va dién 4p roi trén dién tré R bang:

V.=I R=I_R=0VvaVp=E

Xét mach dién nhu hinh 2.28:
—0 H
Si
+ +
B Re Vg
£
Hinh 2.28
_H_ Vrn=E
v o o=V
+ ‘ﬂ' + + |[D=D’q +
E R2Vy |5 e R2Vg
| L

Hinh 2.29. Xdac dinh trang thdi cua diode.
Hinh 2.30. Thay thé mach tuong dwong.
Vi du 2.1: Hay xac dinh V,, v Ip trong hinh 2.31.
Giai:
Ngudn E tao ra dong cling chidu v&i ky hiéu cia ca hai diode va mach
dién tuong duong hinh 2.32.
Két qua dong dién va dién 4p 1a:

Y, =E—Vﬁ _V-re =12V -0,7V-0,3V =11V
V, V. 11V

L=l ="2=Too ~1,96mA
R R 56KO0
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51 Ge + Yyt Vo=
I iy i
+12%0 P I~ _‘*” ov, —o—l»—o—! 1
= ri"Er 0.7V 03V z
o +
5.6 k0 E ——12v 56k Ve

Hinh 2.31. Mach dién cho vidu 2.1.
Hinh 2.32. Thay thé mach twong diong.
Vi du 2.2: Hay xic dinh I, Vp; v V, trong hinh 2.33.

+ VD2 -
S1 Si
I
+12VO0 ! o _";“ oV,
I
D

Hinh 2.33. Mach dién cho vi du 2.2.
Gidi:
Thay diode bing cdc dién trd va xdc dinh chidu dong dién 1, két qua
mach twong duong nhu hinh 2.34. Chi ¢6 diode Si ciing chiéu dong dién con

diode Germanium thi ngugc chiéu xem nhu hé mach din dén dong Ip = 0A
va mach twong duong nhu hinh 2.35.

Vo2 = 1|||"'Fn[:uen C 8 D S

—p— — 4 e
.NI' .N- _H_o.
+ +
El Re56kn Ve 12V — R356k0 V.

Hinh 2.34. Thay thé mach twong dwong.

63
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Hinh 2.35. Thay thé mach twong dwong.
Vidu 2.3: Hay xac dinh 1, V,, V; va V, trong hinh 2.36.

+ V-
R, Si
E; = L0VO——AWA, e

R B

+
R:$22kQ v,

B2y
Hinh 2.36. Mach dién cho vi du 2.3
Giii:
Thay thé diode bing dién tré va chiéu dong dién duge xdc dinh nhu

hinh 2.37. Diode & trang thai din va mach twong duong nhu hinh 2.38 vdi
dién ap ro1 trén diode Vi =0,7V.

Hinh 2.37. Thay thé mach tuong duong.

Hinh 2.38. Thay thé mach twong dwong
Dong dién I:

(BB -Vp _10V45V-07 143V _, o
R,+R,  4,7kQ+2,2kQ 6,9kQ
Dién 4p V::

V, =1R, =2,07mA x4,7kQ =9,73V
Dién 4p Va:

V,=1IR, =2,07TmA x 2,2k = 4,55V

Ap dung dinh luit Kirchhoff dién 4p dé tinh dién ap ra V..:

64
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~E,+V,-V, =0
Hay: V, =V, -E, =4,55V -5V =—0,45V

Dau trir — trong két qua chimg t6 V, ¢6 cyuc tinh nguge véi hinh 2.38
da vé.

b. Ciu hinh song song
i d!.-[ 2.4: H-ﬁ}," Xac l'.tlnh N L, Ipy va Ins rong hinh 2.39.

I 0.33 kQ2
= AA——e ® 04
R *fm +fnz
E, ——10V D, ¥si DNsi V,
—l— & ' o-

Hinh 2.39. Mach dién cho vi du 2.4
Gridi:
Thay thé diode bing dién tr& va chidu dong dién duoc xac dinh cing
chiéu vé&i ky hiéu ciia mdi diode nhur hinh 2.40,

+ Ve
| 0.33 kQ
= \A——e . o+
R D D2
e
E, =—10V (7 Vet ], fomrtom V.
_T_ o & O-

Hinh 2.40. Mach dién twong dwong.

V., E-V, 10V-0,7V

Dong dién [ L= = =28,18mA

R R 0,33k
Hai diode ciing dic tinh nén dong qua mdi diode:
T gl =I—2] =@ =14,9mA
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Néu sir dung mét diode c6 kha ning chiu dong 13 20mA thi khong thé
sit dung trong mach dién nay khi d6 phai sir dung hai diode mic song song

dé chia dong.

Vi du 2.5: Hay xac dinh 1 trong hinh 2.41.

Giai:

Diode D, phén cuc thudn, diode D; phan cue nguoce, mach dién dugc

v& lai nhir hinh 2.40,
Dong dién I:
o BBV, 20Y ~4V- 7V 55 S
R 2,2KQ
Si
i
I R, D, -
c+ AN 5 & Ela'w

Ei=20V 7210 Si
g
D,

Hinh 2.41. Mach dién cho vidu 2.5
0.7V

+ Vg - 4—;,7]'—0—

I
WA t
ﬁ: R=22kQ | , ad
E; —— 20V E, =4V
I

Hinh 2.42. Mach dién twong duong cho vidu 2.5
Vi du 2.6: Hiy xac dinh dién ap Vo cua mach dién trong hinh 2.43.

GIAO TRINH BIEN TU CO' BAN
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12% 12%

Hinh 2.43. Mach dién chovidu 2.6  Hinh 2.44. Mach dién cho vidu 2.6
Gidi:

Ca hai diode déu phén cue thuéin va déu din nhung dién 4p ngudng roi
trén diode D, (Germanium) bang 0,3V, dién &p nay ciing chinh 12 dién dp
dit 1én diode D; nén diode D, s& ngung din vi dién 4p ngudng cua diode
(S1) bﬁng 0,7V. Mach dién duoc vé la1 nhu hinh 2.44.,

DiénapraVy V,=12V-03V =1L7V
Vidu 2.7: Hiy xic dinh Iy, I; vi Ipz cha mach dién trong hinh 2.45,

¥
+n.‘fv-

AN
L 56k 5.60k0

Hinh 2.45. Mach dien chovi du 2.7 Hinh 2.46. Mach dién cho vi du 2.7
Gidi:
Chiéu dong dién do dién dp E tao ra cing chiéu véi ki hiéu cuia cic
diode nén céc diode din, so dd mach xac dinh nhu hinh 2.46.
Xac dinh dong dién 1;:
V. 07V
=T By

1

=0,212mA

Ap dung dinh luit dién ap Kirchhoff x4c dinh duoc:
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—"\-"3+E—VT] —VTZ =0
Hay:
V,=E-V, -V, =20V -0,7V -0,7V =18,6V

Dong dién I, duoc xé4c dinh:

vV, 18,6V
5,6k

R

=3,32mA

2
Dong dién Ip; dugc xac dinh:

I,,=1,-1,=3,32mA ~0,212mA =3.108mA

2.42. Cong AND va cong OR

Mach dién s€ dugce phan tich trong vi du 2.8 1a mt céng OR ¢ mirc
logic duong. Mirc logic niy duge trinh bay trong hinh 2.47: dién ap 10V
duge gan cho mire logic “17 va 0V dugce gan cho mirc logic “0”. Céng OR
nhu da trinh bay véi mirc dién dp ra ¢ mirc 1 khi mét hodc hai ngd vao &
mirc 1. Ngo ra s€ & mirc 0 khi ca hai ngd vao & mirc 0.

Vi du 2.8: Hay xac dinh dién ap V,, cia mach dién trong hinh 2.47.

Gidi:

Trong mach dién hinh 2.47: dién ap ngo vao 1 béng 10V, dién &p ngd
vao 2 bang 0V xem nhu ndi mass, mach dién duge vé lai nhu hinh 2.48.
Trong hinh 2.48: D, din, D; ngung din xem nhu hé mach va mach dién
duge tuvong duong nhu hinh 2.49,

Dién ap ra Vo dugce xac dinh nhu sau:

Vo=IR=E-V,=10V-0,7V=9,3V

; R
S1 3.3kQ 1,
AA—

Hinh 2.47. Mach dién cho vi du 2.8 Hinh 2.48. Mach dién cho vidu 2.8
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Hinh 2.49. Mach dién cho vi du 2.8

Vi du 2.9: Hay xac dinh dién 4p V, cta mach dién cong AND trong
hinh 2.50.

(1) Si

E; =10V tI: ] o 0O
Dy
1)} s Vi

Vo= V=07V ()

Ex=0W E DH a v, (1) i
2 E E —10¥%
Ril k2 07
E — 10w {0 i

Hinh 2.50. Mach dién cho vi du 2.9 Hinh 2.51. Mach dién cho vi du 2.9
Gidi:
Vi dién dp ngd vao E;= 10V lam cho D, khong din (phin cuc

nguge) xem n]:u; h& mach, dién ap ngd vao E:=0V lam cho D; din va dién
ap roi trén D; bang 0,7V. Mach dién twrong duong nhu hinh 2.49.

Pién dp ra Vi, duge xac dinh b?mg dién ap diode D,:

V, =V, =07V
Dong dién 1 dugce xac dinh:
I BN, = 10V -0,7V = 03114
R 1kQ)

2.4.3. Mach chinh lru:
a. Mach chinh luu ban ki

Trong khodng thén gian [0, T/2], tin hiéu vao v, duong nén diode D
dan xem nhu ngin mach va mach dién tuong dwong (ding mé hinh twong
dwong 1y tudmg) nhu hinh 2.53.
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— 1 cycle I-I—

v, = Vsinmt

Hinh 2.52. Mach chinh lwu ban ky.

-r'

Hinh 2.53. Khodng thoi gian dan ciia diode [0,T/2].

Trong khoang thoi gian [T/2, T], tin hiéu vao v, dm nén diode D
ngung din xem nhur hé mach va mach dién trong dwong nhur hinh 2.54.

o H P 0 1 T o W S — Vi
- + + +
. v = 0V
/j B e R o T/'\ i
0] T T L
h ] T 2 = = ?

Hinh 2.54. Khodng thoi gian ngung dén ciia diode [T/2, T].

Dang song tin higu v, va v, dugc vé trong mt chu ky ¢6 dang nhu

hinh 2.55. Tin hiéu v, chi c6 giad tri dwong va gia tri trung binh cta dién dp
duoc tinh nhu sau:

T
Ve = [V, sin 22 dr =L x—v, ms(z—”xz —cos 2 x0 [=Ye —0318V,
TS 7 T 2x T2 1 7

(2.16)
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“r’r:-

Hinh 2.55. Dang song tin hiéu trong mach chinh lwu ban ky.

Anh huong dién 4p ngudng V, = 0,7V ctia diode Si dén dang séng tin
hiéu duge trinh bay ¢ hinh 2,56 & vﬁng phian cue thudn. Trong hinh vé cho
thdy khi tin hiéu vao nhé hon 0,7V, diode vin chua dan, dién 4p ta v, vén
bﬁ:ﬁg 0V, khi dién ap vao v, lomn hon 0,7V diode din va dién 4p ra
v, =¥, =07V .

+ Vy -
Vi o—o—l o—e—0C o
A 5 ? 1
vm H-T ";r x vm & v‘l"
¥ : ¥i R E Ve |
.‘, o . - Bi do "UT

Hinh 2.56: Anh hwong cua v,
Khi d6 dién dp trung binh DC dugc tinh nhu sau:
Ve =0,318(vV, -V ) (2.17)
# Dién Ap phin cue nguge PIV

Gid tri dién &p PIV cua diode 1 mdt théng s& quan trong trong thiét ké
céc hé théng chinh lwu. Dién 4p phan cuc nguge diode khi sir dung khong

11
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dwoc vuot qua dién ap PIV cho phép clia diode. Pién 4p PIV yéu cdu dbi
véi mach chinh luu ban ky ¢6 thé xéc dinh tir hinh 2.57, 4p dung dinh luét
Kirchhoff ta tinh duge dién ap PIV cha diode phai lém hon gia tr1 dién ap
cung cﬁp.

PIV >V (2.18)
-V (PIV) +
oO0—0
5 P ﬂ? ! 2
Vi R§ V,=IR = (O)R = OV
+
o 5

Hinh 2.57. Xac dinh dién ap PIV.
b. Mach chinh luu toan k¥
> Mach céu

Mach dién chinh lwu nay c¢é dang nhu hinh 2.58 sir dung 4 diode két
noi theo cdu hinh cau.

=]

(a) (b)

Hinh 2.58. Mach chinh heu cau.
Trong khodng thdn gian [0,T/2], tin hiéu vao cé gid tr1 duwong lam
diode D,, D, din (xem nhu ngin mach) con diode D,, D, ngung din (xem
nhu hd mach) nhu hinh 2.60.
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Hinh 2.59. Mach cdu ¢ trang thdi [0,T/2].

~ Khi do6, so d6 mach trong duong va dang soéng vao ra nhu hinh 2.61.
Néu xem diode 1a 1y twdmg thi dién ap ra v, = vi.

<
ﬁ

Hinh 2.60. Mach twong dwong va dang séng vao ra ciia mach chinh lheu cdu
o ban ki duong.

Trong khodng thdi gian [T/2, T], tin hiéu vao c¢d cuc tinh &m ladm cho

diode D,, D, ngung din (xem nhur hé mach) con diode D,, D, din (xem

nhu ngin mach). Khi d6, so dd mach twong duong va dang séng vio ra nhu
hinh 2.61.

%] Va
=~ ’ = :
IK \ LY M I'{ \ f ;
o TUllT o T T '
2 B Vo 2

Hinh 2.61. Mach twong duong va dang séng vao ra ciia mach chinh heu cdu
o ban ki am.

Viy dang séng vao ra déi véi mot chu ky tin hiéu vao nhu hinh 2.62.

13
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AV

Hinh 2.62. Dang song vdo va ra trong mot chu ky cua mach chinh heu
A
cau.

Do dang s6ng mach chinh luu toan ki gip d6i ban ki nén gia tri dién
ap trung binh dugc tinh la:

Vi =2x(0,318xV, ) =0,636V, (2.19)

Néu sir dung diode Si voi V. =0,7V thi tai moi ban ki ¢6 hai diode
dén, 4p dung dinh luit Kirchhof¥ ta cé:

v, =V, —v,-V, =0 (2.20)
Hay v, =v, =2V,
V,. =2x(0318x(V, — 2V, )= 0,636(V, —2V,) (2.21)

# Dién Ap phin cue nguge PIV
Pién ap phén cuc nguge clia mdi diode: PIV =2Vm
» Dung bién fp ddi

Hinh 2.64: Mach chinh heu ding bién dp doi.
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Mot mach chinh lwu toan ky nhu hinh 2.64 chi sir dung hai diode
nhung phai sir dung bién ap déi.

Khi v; duong, diode D, dan va D, ngung din nhu hinh 2.65.

II"-'.II

Hinh 2.65. Dang song vao ra va mach tuong dwong ung voi ban ky dwong
CU V.

Khi v; 4m thi diode D, ngung din va D, din nhu hinh 2.66.

Hinh 2.66. Dang séng tin hiéu vao ra va so dé mach tuong dirong & bdn
ky am cua v;
Viy dién 4p ngd ra gom ca hai ban ky cua dién 4p ngd vao, trong dé
ban ky dm dugc chinh luu thanh dién ap dwong & ngd ra.

- r .

Hinh 2.67: Dang séng vao ra ciia mach chinh ey toan kp dimg bién dp déi.
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Pién dp ngdra: V. =2x(0318xV, )= 0,636V, (2.22)

Néu sir dyng diode Si véi V. =0,7V thi tai m3i ban ky ¢6 mot diode
din, 4p dung dinh luit Kirchhoff ta c6: v,=V, —v, =0 (2.23)

Viy néu sir dung diode Si vi V. =0,7V:
V, =2x(0,318x(V, -V )=0,636(V, - V,) (2.24)

» Dién ap phin cuc ngwge PIV:

Pién ap phén cue nguroc ciia mdi diode ¢6 thé duge xédc dinh theo hinh
2.68. Ap dung dinh luat Kirchhoff ta cé:

PIV=V,, +V,=V_+V_=2V_ (2.25)
Diode sir dung khi chon phai c6 PIV = 2Vm.

~ PIV +

Hinh 2.68. So d6 mach twong dwong & bdn ky ém ciia V.
2.44. Mach xén

Mach xén 14 mach cho tin hiéu ngd ra bi xén mit phfa‘n $0 vO1 tin hiéu
ngd vao. Mach chinh Ivu ban ky di khao sat 1a mdt dang mach don gian
nhit cia mach xén vi chi sir dung mét diode va mot dién trd.

C6 hai loai mach xén ndi tiép va song song. Mach xén ndi tiép 1a
diode trong mach mac noi tiep véi tai, trong mach xén song song thi diode
mic song song v tai.

a. Mach xén song song:

Hinh 2.69 trinh bay m{t mach xén don gian sir dung mdt diode va mét
dién tro R. Tin hi¢u vao 1a song vudng va song tam giﬁc va tin hiéu ra da bi

xen mﬂt phan tin hiéu. Tai duge mic song song vai linh kién ban din va
ngudn xén.
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o A O
N R +
¥ Vo
o O

“F Vo

v T

0 T ST "

Wi -V

Hinh 2.69. Mach xén song song don gian.

Xét mach xén nhu trén nhung c6 thém mot ngudn dién ap DC véi tin
higu sin & ngd vao nhu hinh 2.70.

O MW O

Hinh 2.70. Mach xén song song.
Theo dinh luét bao toan nang luong Vi = Vp + Vpe + LR,

Pé phén tich hoat déng ciia mach, ta xem diode 14 1y tudng va tién
hanh céic budc sau:

Bude 1: O nita ban ki duong khi Vi< Vpe (2 doan [0,ta] va [tu,ti])
Diode ngung din twong (mg véi dong ip = 0 va dién 4p Vp = 0 nhr mach
hinh 2.71. Poan [t,, ], Vi> Vpe do do Diode din ta ¢6 mach tuong duong
hinh 2.72.

+ R ip +
Vi
¥ _T_,_ Ve,
FDC
Ko T o
Hinh 2.71.
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~ Khi dign 4p vio v; 16n hon Vi, diode ¢ trang théi dan — xem nhu
ngan mach, khi v; nho hon dién dp Vpe thi diode ¢ trang thai ngung dan —
xem nhu hé mach.

Buwde 2: Xic dinh dién ap ra:

Khi diode ngung din — xem nhu hé mach — dong dién ia = 0 va két
qua dién ap ra:

Vo=Vi-ip.R, maip.R=0
Suy ra: Vo = V; (doan [0.t,] trén 2.73c)
Khi diode din — xem nhu ngén mach — Vi = 0 va két qué dién 4p ra:
Vo= Vp+ Voc =0+ Vpe = Vpe (doan [t,,t,] trén hinh 2.73c¢)

Ip.R # 0 (nht hinh 2.73b)
A"
Vi
. Y
: . Ay ‘.

Oty Utz t

Il |

I |

il 0

I |

| 11 |

I |

| 1| |

b L | e
Ofts ity Ity ™

1

o :

Il |

Vo | b I

Y

N |

c | IVDC :

| 1 l
Off: b \-/tz %

I |

Hinh 2.73.

b. Mach xén ndi tiép:

Hinh 2.74 trinh bay mét mach xén ndi tiép tai mic ndi tiép vdi linh
kién ban din va ngudn vao 1a tin hiéu xoay chidu.
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Hinh 2.74: Mach xén noi tiép c6 thém nguon DC.

Pé phén tich hoat d6ng cuia mach ta xem diode 13 1y twong va tién

hanh céc budc gidng nhu trén.

Buwoe 1: Phuong trinh Kirchhoff: V, = Vpe + Vp + LR.

Tix doan [0, t.]: Diode ngét, Ip.R = 0 nén Vo =0

Trong doan [ta, t]: Vi> Vpe nén Diode dan, ta c6 Vo = LR (Hinh 2.77c¢).

Doan [t,, t;] Diode ngit ta lai c6 Vg = 0.
Buwde 2: Nira bén ky 4m hinh 2.75

o,
Voe Vb
V; R §
+ O o
Hinh 2.75

-0 s | N * 0O
+
R§ Vo
. O
Hinh 2.76

Diode ludn ludn & trang thai ugﬁt, mach bi hé (Hinh 2.76)ta ludn ¢

V=0 (doan t;t; trén hinh 2.77c).

Qua trinh cir thé lip lai cho cdc ban ky dwong va im ta nhan duge két qua
song ngd ra hinh 2.77¢ bi xén va khong con dang séng nhu ngd vao.
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Hinh 2.77.
Vi du: Cho hinh 2.78, véi song vao cO dang tam giac, hidy vé dang

a mach.

O racl

sOng ng

Hinh 2. 78.
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A"
a.
-
t
b. -
t
C.
s

|::u|'cu ty, :tJ :tz

Hinh 2.79
Giai:

Ta c¢6 day 1a mach xén song song:

Vi=LR+Vp+ Vpe=1LR + Vo
Nira ban k¥ déu:
[0, t,]: Diode din do Vi< Vpe.
Diode b ghim tai cue duong Vpe =4V

Vo =0+ Vpec =4 (V) (hinh 2.79c)
[t &]: Diode ngﬁt Vo=V;
[ty, t;] Vi [t;, ;] Diode din do d6:

Vo=Vbp+ Vpc =4V) (hinh 2.79¢)

Sau d6 chu ky s€ ldp lai nhu truede. Mach bi ghim tai dién ap mt
chiéu 4V. Séng ngd ra 1a hinh 2.79¢.

2.4.5. Mach kep
Mach kep 14 mach do tin hig¢u dén mét mirc dién ap DC khac. Mot
mach kep phai c¢6 mét tu dién, mdt diode, mot dién trd va con cd thé thém

a1
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mot nguﬁu dién ap DC. Gia tr1 cua R va C phai dugce lwa chon sao cho thon
hﬁ%ng 7 =RC dii 16n dé dam bio ring dién 4p roi trén ty dién C xa khong dang
ke trong khoang thoi gian diode ngung dan. Trong khi phin tich mach, ta cé
thé xem tu duge nap diy va xa hét lwgng dién tich sau khodng thén gian 5t.
Mach dién hinh 2.80 1a mdt mach kep mire 0V (xem diode 1a 1y tudmg).

Vi

A
C
v V4
K %
[ R ]
o] T ™t ¥ Va
Vi 2 e o

Hinh 2.80. Mach kep.

Trong khodng thén gian tir [0,T/2], tin hiéu vao dwong — mach tirong
durong nhu hinh 2.81, diode ¢ trang thai din xem nhu ngan mach dién tré R
— ddn dén thoi hing T c6 gia tri rét nho va tu C s& nap day dién dp V mot
cach nhanh chong con dién ap ra bang 0V.

C
Ti =
¥ “ - +

+ v
¢ gy R
°

Hinh 2.81. Mach tuwong dwong o ban ky dirong ciia tin hiéu.

Trong khodng thin gian tir [T/2, T], tin hi€u vdo d&m — mach tuong
duong nhu hinh 2.82, diode phin cue nguge — xem nhu hé mach — thoi hing 1
=RC c¢0 gia tri rat lém — 4p dung dinh ludt Kirchhoff dé tim dién 4p ra:

—V—V—vﬂ =0; Hay v _= -2V
Déu trir trong két qua nguoc véi diu trir da xédc dinh trong mach.
Két qua dang séng vao va ra nhu hinh 2.83.

o2



GIAO TRINH BIEN TIF CO’ BAN CHUONG 2

Hinh 2.82: Mach twong dwong o ban ‘

ky am cua tin hiéu 2y

Hinh 2.83.

2.4.6. Mach on 4p

Mach 6n 4p song song: tai dugc mic song song véi linh kién ban din
Diode Zener. Dua vao dic tinh cia Diode Zener lam w't_’ic O w‘mg phan cue
nghmh khi dong qua Zener thay ddi tir gia tri min (diém A) dén gid tri max
{dmm B) Izmin< Iz< Izmax, dién dp trén hai diu cuc cua Diode Zener khong
ddi do vay tai mic song song s& bao dam ap khong ddi.

a. b.

Hinh 2.84. a. Mach én dp dimg Diode Zener; b. Pdc tuyén Diode Zener

Trudmg hgp 1: Cho Ry, V;, chon Diode Zener ¢6 Vz = V. Tinh duge
Irw, chon I d& tinh R.

Trudmg hop 2: Tim Ry, biét Vi, chon dong cung cﬁ;p cho ti Iy =
100mA, biét Vg,. Chon Diode Zener co Vz = Vg va dong Iz vao khoang
120mA < Iy, khi gan tii voi dong cuc dai Igg = 100mA thi dong I =
20mA > Iz Thoa didu kién 6n ap 13 Iznin< Ini.< Lzmax.

2.4.7. Mach nhiin dp

a. Mach nhén dp bin ky: C6 thé sir dung mach nhén 4p ban k¥ sir

dung hai Diode.
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JJ;

{m IZF} + T Vr‘:z 2- FF

() O nap dén 2175 trong sudit nita chu bk & cia Vi

b. Mach nhin 4p toan Ky:

-2 Vp

(d) Song ra trén m

Hinh 2.85. Mach nhdn ap ban ky.

(b} Crnup dén Ve trong sut niea chu ki duong el v,

o4

O

Hinh 2.86. Mach nhan ap toan ky.

) :
C, T
C:l
T ;
= (u) hfach nhim 4p todn ki
¥ o
P : * i {phun cite 3 1
+ * ngug) o
[ oy I"l"
D75 (phin cye i T "® i AT~
ngugc) " . -
— "
+
C
T T
L =

{c) C2 nap dén Ve trong sudt nita chu k§ dm cla v,
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2.5. BAI TAP CHUONG 2
2.5.1. Xac dinh Vy, va Ip trong mach dién hinh 2.87.

2.5.2.  Xéc dinh VD (dién 4p trén diode), VR v ID trong mach dién
hinh 2.88.

I Sl
=)

N =
—cv Ficohm

Hinh 2.88
253 Xac dll’lh Ip, le: VRE Vil ‘\.,i'[] trong Il'lElCh hinh 2.89,

« N Mo+ e
I A
gﬁ.ﬁkﬂhm
Hinh 2.87 e

2.5.4. Xac dinh V, va I trong cdc hinh 2,90, 2.91, 2.92 va 2.93.

Yo
+HVp——ANN—e9—o
1.2K0
D5
-2y - ® Vo §3.9 KQ

é 4.7 KL} Si
L

..iE:H

Hinh 2.90 Hinh 2.91
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o
+20V Vo —g  -10V
*—A\\,

£.8 KO i
Hinh 2.92 Hinh 2.93
2.5.5. Xéac dinh V; va V; trong cic hinh 2.94 va 2.95.

+ 12 Vol Woz oV Ge i
v H Wil
Hinh 2.94 Hinh 2.95

2.5.6. Xac dinh I, I, Ip; trong mach hinh 2.96.

15W

8i
H [] 4 I-E- : I
l lp2
oty gi b
— m 2ZED
- OV R2 3.3 k Ohm
5.6 k Ohm v
4TAVAY
Hinh 2.97 Hinh 2.97 Hinh 2.98

2.5.7. Xéc dinh V, vi I trong cdc hinh 2.97, 2.98, 2.99 va 2.100.

Hinh 2.99 Hinh 2.100
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2.5.8. Xiacdinh V,,, V,; vaItrong mach hinh 2.101.

Wil

— Vi

Hinh 2.101 Hinh 2.102
2.5.9. Xac dinh y, va Ip trong mach hinh 2.102.
2.5.10. Xac dinh V, trong mach hinh 2.103 véi cd hai nguf':‘-n V. déu OV.
2.5.11. Xac dinh V,trong mach hinh 2.103 véi ca hai ngudn V; déu 10V.

Vi o—Slp}
B}
vie—3py eVo oY
D2
1 KL2
Hinh 2.103 Hinh 2.104

2.5.12. Xic dinh V, trong mach hinh 2.104 vé&i ca hai nguon V, déu OV.
2.5.13. Xac dinh V, trong mach hinh 2.104 véi ca hai ngudn V, déu 10V.
2.5.14. Xic dinh V, cho céng OR mirc logic 4m hinh 2.105.

-10V

-10V @ E]]
oV @ oV, ove—pt &
¥ 22KQ
-10V
Hinh 2.105 Hinh 2.106

L
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2,5.15. Xic dinh V, cho cong AND mirc logic 4m hinh 2.106.

2.5.16. Mot diode cé dong dién bao hoa nguoce I = 2,5.107"* (A).
Hay tinh dong dién thuén chay qua diode khi Vp = 0.5 (V).
Hay x4c dinh gid tri dién 4p phin cuc thuin Vp dé dong qua
diode 1a 10mA.

2.5.17. Cho biét dang séng Vi, Vd, id véi ngd vio 1a dang séng sin ¢
tan s6 60Hz (Hinh 2.107).

[deal ;
Ideal 1 Vie= 2V

Hinh 2.107 Hinh 2.108
2.5.18. Lap lai bai 16 véi silicon diode, ngd vio 1a dang séng sin ¢6 tan
50 60Hz.

2.5.19. Cho biét dang séng ctia Vi vi ip ngd vio 1a dang séng sin ¢6 tan
s6 60Hz (Hinh 2.108).

2.5.20. Cho biét dang séng cua V, vi xde dinh Ve khi ngd vao 1a dang
séng sin ¢6 tan s6 60Hz (Hinh 2.109).

22KQ =
+. M L 3 - G .
1 K2
- 9 @
Hinh 2.109 Hinh 2.110

2.5.21. Cho biét dang séng ciia V, vi ig khi ngd vao 14 dang séng sin ¢6
tin s6 60Hz (Hinh 2.110).

2.5.22. Cho mach dién nhu Hinh 2.111:

a.  Cho Pmax = 14mW cho méi diode, hiy xac dinh gid tri dong
dién 16n nhét cia mdi diode.

b. Xﬁﬂ {jiﬂh 1[1];]_}: dé VImm{ = I. ﬁ{'}v.
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C. Xéac dinh gia tr1 dong dién qua mbi diode vdi V,, = 160V.
d. Néu chi mot diode hoat déng hay cho biét gi trj dong dién qua

diode va so sanh vdi gia tr1 max.
Teetsix R= ] 2 KiX
.
& 47KQS56KQ 5 e - |
L
Hinh 2.111 Hinh 2.112

2.5.23. Cho mach dién nhu Hinh 2.112:
a. Cho V, cla diode Sila 0.65V, tinh dién tr& dong rp cua diode.
b.  Viét biéu thirc dong dién chay trong mach i(t).
¢. V& dang song dong dién 1(t).
2.5.24. Cho mach dién chinh luu nhu hinh 2.113.
a. Khi cho tdi dién tré R = 100€2 (chua ¢co C)
— Hay tinh cac tham sa ciia mach: dién ap hiéu dung Vs, dién ap
dinh Vsmas dién ap mot chiéu Vr va dong mot chiéu Ig?
— Tinh dong qua diode, dién dp ngupc dit lén diode va tan so
song trén R?
b. KhimictuC= 470uF song song vioi R (xem duong dirt nét). Hay
tinh lai cic tham s6 & cdu trén, nhin xét két qua thu duge. Khi

chon C = 1000pF, R = 200Q ¢6 thay d6i gi trong cac tham sé di
tinh & cdu b, giai thich sy thay doi nay?

NP: N Y1 Vo
{118 4:1 D,
|| -
» g |
! W
- . Ji i Ve 120% L
0z g LV i 1004 60Hz __.: C _\_|_r
AT0yF 4 v B 1000
1 Inﬂﬂpq 0
I
"~
& ¢ |
— .; |
Y
Hinh 2,113 \ '
—
Hink 2.114
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2.5.25,

2.5.26.

Cho mach dién chinh luu hinh 2.114. (K = 2: S6 pha)

Khi tii R = 100 (chua ¢6 C) hily tinh cdc tham s6 dong dién va
dién ap nhu bai 6.

Cho thém ty C = 1000pF vao mach. Hay xac dinh lai ciac tham
30 dd tinh & cdu a.

Cho mach chinh liru cdu toin séng hinh 2.115.( K = 2).

a. Tinh c4c tham s6 cla mach khi R = lfjﬂﬂ (chua cé tu C): dién ap,
dong dién (higu dung, dinh) trén thir cap Vg, Is, Lspax-

Dién ap, dong dién mot chiéu trén tai Vi, I

Doéng dién qua méi diode, dién dp nguoc trén moi diode va tan
so dién dp dap mach trén tdi,

b. Mic thém tu C = 1000uF, hiay xac dinh lai cic tham s6 d3 tinh &

[¥]

ciiu a. Nhin xét két qua thu duge.

\ E
T J T x -
v, 2207 o . D-¥ 4&p,
¥s0Hz " ks R
l j l 1000RF| Eiﬂm@ + O
- Vo TV{,@,
Hinh 2.115 Hinh 2,116
2.5.27. Cho mach nhur Hinh 2.116.

a. Hay xac dinh dang diic tuyén truyén dat dién 4p Vi theo V; ciia mach.

b. V& dang Vy(t) khi Vi(t) c¢d dang hinh sin ¢6 bién dd dinh — dinh
(Pﬂﬁ.k e Pﬂﬂk) 1a 30 VI}I}. Blét 1F‘!.l'r[“ = E,SV; V[]g = ?,SV; R = 1kQ).

2.5.28.

Tim va vé dién dp V. ctia mach dién hinh 2.117(a), nhur 14 mdt ham
36 bién d6i theo thori gian t véi ngd vao V; nhu hinh 2.117(b).

Vid

"y B
i D
vi R Ry

(a)

Hinh 2117 (@
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2.5.29. Cho mach dign hinh 2.118. V& dang s6ng ngd ra Vy biét V=2V,
Vi= 10sin314t [V].
H

A 2 »
' y
D ve
—
& &
Hinh 2.118 Hinh 2.119

2.5.30. Xic dinh ngd ra V, cia mach hinh 2.119.

2.5.31. Ve dang séng ngd ra V,cta mach va xac dinh gia tri dién 4p DC
v ngd vio dang sin cé Vi, = 30V (Hinh 2.114).

Hinh 2.120 Hinh 2.121

2.5.32. Ve dang song ngd ra V,cua mach va xac dinh gid tr1 dién 4p DC.
Véi ngd vao dang sin c6 Vi, = 10V, R = Ry = 3.3kQ2, R=8.2k()
(Hinh 2.121).

2.5.33. V& dang song ngod ra V,clia cdc mach hinh 2.122(a) va (b) véi
ngd vao 1a dang soéng sin 6 Vp = 20V.

. i L. Ideal

L= %
+ g + + | : +

5V
Vi I3KO: Vi G 82KO Vo
[ i i .
a b
Hinh 2.122

1
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2.5.34. Ve dang s6ng ngd ra V,cta mach hinh 2.123 (b) va (c), vdi ngd
vao c¢6 dang nhur hinh 2.123 (a).

!ﬁl Wi

4V Ideal v
& l } 45 »
£ A -

Il
+

A

Vi 15 KQ) Vo 3.3KQ

i
-

Qo ot T

a. b, .

Hinh 2.123

2.5.35. V@ dang séng ngd ra V, cia mach hinh 2.124(b) va (c), voi ngd
viio cé dang nhur hinh 2.124(a).

2 sV
-
56K i ._m_l v,
v, Si V. 5.6K0
£y Si
c.

Hinh 2.124

2.5.36. V& dang séng ngd ra V,cta mach hinh 2.125(b), véi ngd vao cd
dang nhu hinh 2.125(a).

F 9 \,F.l
15KQ
10V + AN, .
51 Si Vn
0 > Vi
\/ " 5.7V— 1.7V
-10V . I I ®
a b.

Hinh 2.125

2.5.37. Ve dang s6éng ngd ra V,va xac dinh gia tr1 dién 4p DC cta mach
hinh 2.126(b) va (c), v&i ngd vao cd dang nhu hinh 2.126(a).
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| £ Vi I/ W
4V,
o | o T | ¢
C C
20V v Ideal R v, Tdeal R
RV
0 > z
Y o L =L
20V
a. b. C.
Hinh 2.126

2.5.38. V& dang séng ngd ra V, cua mach hinh 2.127(b) véi £ = 1kHz va
ngd vao cd dang nhu hinh 2.127(a).

4V, £
-l-._l

20V —

Vi

0 &

; *

20V
a b
Hinh 2,127

2.5.39. Cho diode Iy tuéng hiy thiét ké mach véi dang séng ngd vio v
ngd ra nhu hinh 2.128.

& Vﬂ
30V —

-

_2{]“ - lﬂv

Hinh 2.128

2.5.40. Cho diode Silicon, hiy thiét k& mach v6i dang séng ngd vio va
ngd ra nhu hinh 2,129,
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F 9 Vn

10V SV

-10V -15V

Hinh 2.129
2.5.41. Cho mach dién hinh 2.130.
a.  Xdcdinh Vi, I, Iz va Ins néu Ry =300 Ohm.

b. Xic dinh gid tr ciua Ry sao cho Diode Zener hoat dong khong
quia cong sudt (Panax = 400mW).

¢.  Xéc dinh gia tri t&i thiéu cta Ry dé Zener c6 thé hoat dong dugc

(Izmin = 1 mA).
Rs
220 Ohm
® AN
Vi
20V A V=1V RL
& &

Hinh 2.130 Hinh 2.131

2.5.42. Cho mach nhu hinh 2,131, véi V; = 20V, V, = 10V, Ry =2.2k.
a. Xdc dinh Ry va I, d& Vg = 10V.
b.  Xéac dinh cong suat cyrc dai véi Iy = 32mA.

2.5.43. Cho mach nhu hinh 2.132, v6i Vz = 10V, Rg=110Q, V; = 50V.
a.  Hay xac dinh Vi, I, Iz v&i Ry = 180€2.

b. Xdic dinh gid tri cia Ry dé c6 dugc cong suat cuc dai
Pana_x:q'{H}mw.

¢.  Xéc dinh gid tri nho nhit cia Ry dé Zener diode c6 thé hoat
dong dugre.
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—MWA—e—o
+ z, +
""ru
v .x-zJ
L = ®
Hinh 2.132 a. b.
Hinh 2.133
2.5.44. Ciing v&i mach nhue hinh 2.132, véi Ry, = 1kQ, Py = 300mW,
R = 100€2. Hay xac dinh gia tri cia V; sao cho Vi = 9V va
Zener diode hoat dong khong qud cong suét.
2.5.45. Hiy thiét k& mach c6 ngd vao V; thay dbi tir 30 dén 50V, sao

cho ngd ra ¢6 dién ap khéng d6i V, = 20V. T d6 hiy xac dinh
gid tri thich hop Rs va dong dién Iz max.Cho biét dang séng
ngod ra cua mach dién hinh 2.133(b), v&i dang song ngd vao nhu
hinh 2.113(a) va R = 2kQ), Vz1 = V2= 10V.
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. Chwong 3
DAI CUONG VE TRANSISTOR LUONG CUC
(BJT- BIPOLAR JUNCTION TRANSISTOR)

3.1. GIOI THIEU

Transistor luong cuc BIT 14 finh kién bdn ddn c6 cdu tao co ban dya
trén hai chuyén tiép P -N. Linh kién 3 dién cyc nay dugce sir dL.LTlE nhu mt
phén tir khuéch dai hodc nhi mot khoa dién tir . Transistor 1 khoi don vi co
bén xdy dung nén ciu triic mach & may tinh dién tir va tit ca cdc thiét bi
dién tir hién dai khac . Vi tinh dap mg nhanh va chinh xac nén BJT thudng
duge sir dung trong nhiéu img dung tuwong tu va sé-, nhu khuéch dai, dong
cét, didu chinh dién 4p, didu khién tin hiéu, va tao dao dong. Transistor ciing
thuong duge két hop thanh mach tich hop (1C).

3.2. CAUTRUC TRANSISTOR LUONG CUC

Transistor la mot linh kién din ba 1&p, bao gom hai 15p ban dan loai N
va mét 16p bén dén loai P (goi 14 transistor N-PN) hodic gdm hai 14p ban din
loai P va mdt 16p ban din loai N (go1 14 transistor PN -P). Ca hai loai
transistor dugc trinh bay ¢ hinh 3.1. Céc 16p ban din bén ngoai day hon 1ép
bén dan gifta rit nhiéu. Transistor o hinh 3.1, ti 18 v& bé day ctia ca transistor
so véri bé day cua 1op gittala  0,150inch/0,001inch = 150:1. Lép ban din
gitta duoc pha tap it hon nhiéu so véi hai 16p ban din ngoai |, (thdng thudng
ty 1é nay 1a 1:10, hoidic it hon ) trong d6 16p ban din cuc phat duge  pha tap
manh nhit.

1500 in (150 in

0,001 in 0,001 in
4 4

T o
Moo f]x p bl b
- E)l? o C I‘q‘_IElIIL‘_ o

Hinh 3.1. Cau triic va ki hiéu transistor PN-P va N-PN.

R
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Céc cue duoc ky hiéu bfmg cackitu E (Emitter- cuc phat ), C
(Collector- cuc thu) va B (Base- cuc nén)
3.3. NGUYEN LY HOAT PONG CUA TRANSISTOR

C6 hai loai transistor 1a P*-N-P va N*-P-N, nén dé giai thich hoat déng
ta xét transistor loai N-P-N nhur sau:

Khi dat ba phwn ban din N*-P— vao sit nhau h?inh thanh hai chuyén

tiép P-N. Chu}ren tiép P- N gma mién ph:it E va mién nén B ta goi 1 J; va
chuyén tiép P-N giita mién nén B va mién thu C 1a J (Hinh 3.2a).

Jem  Jong

Ve - + v Vi o
i ¢

Vi Ve
Ve
(b)

Hinh 3.2.Phén cuc thudn cho chuyén tiép P-N
#» Khi Vg =0V; V< OV; V> 0V:

Chuyen tiép Jg duge phan cyuce thufn va JE duge phén cuc nghlch Cac
hat din da s6 13 electron tai cyc phat 8& chuyén déng thic 1ii do bi day tir
dién cyuc E va bi hit bai dién cuc C truyén qua Ji dang phan cuc thuén sang
midn nén B. Tai diy, mdt it hat electron trung hoa véi cac hat da 86 & mién
nén (13 tréng). Do mién nén c6 dién tich rit bé nén phin 16m e bi hit vé cuc
C dién cue duong mic di phai xuyén qua hang rao tiép xac phan cuc nghich
J¢ tao dong I mach ngoai 16n tao bdi cac hat electron.,

Ta goi @ 14 hé s6 truyén dat ¢6 ty 18 nhu sau:

Tong =b hat phitra trcuc E

o= =S e #0995 +1 (3.1)
Ta co: Ic=olg + Icpn (3.2)
Theo dinh ludt bao toan nang lugng
Ie=1Ic +15 (3.3)
Hg¢ 56 khuéch dai dong p=—>> 1
Ic = Blg + Icso (3.4)
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Trong d6: Iege va legg 12 cée dong dién ro do cdc hat din thiéu sb tao
thanh, cic dong ro nay cd gia tri khodng vai nA dén vai pA.

Khi ¢6 dong I tirc 1a transistor dan dién tuong tmg voi Jg phin cuc thudn va
Je phin cuc nghich ta néi BJT & trang thai dan.

» Khi Vi > 0V; V< O0V; V> 0V (Jg va J cing phiin cue thudn)

Jem  Jeog
v = / /Q‘%/I;? . o o Ve
- Teles

Hinh 3.3.

Tl mién phét céc hat da s6 vin bi hit vé cuc C dong théi dién truomg
ting lam pha v& céc lién két cong hoa tri tiép tuc hinh thanh dién tir va 15
tréng mai. Jg va Jo phén cuc thudn lam dong ting nhanh, I¢ dat gia tri cuc
dai, ta néi transistor & ché d6 bao hoa (ché d¢ din manh).

# Khi Vg > 0V; Ve 0V

Do Jg phén cuc nghich nén mién cyre phat khéng phét ra hat dan. Jc
phan cue thudn cdc hat thiéu s6 & mién nén chuyén dong tao dong I¢ rat bé
Iewmin® 0, dong ndy nguoc lai vi dong Ie khi BJT dén, ta nbi transistor dang
O trang thai ngat.

Ta ¢6 két ludn vé cac trang thai ctia BJT nhur sau:

O trang thdi nay, khi dat ngudn xoay chidu v(t) c6 bién do A va tan sb
fo vao cue phat v(t) = Asin(2zrf t+o) thi tai cyce C ta nhdn dugce tin higu xoay
chidu V,(t) = A;sin(2xf,t+¢) cb bién d6 1ém hon rit nhiéu 14n bién dd ngd
vio A;>>A. Tin hidu ngd ra c6 cing tin s6 véi tin hiéu ngd vio ta két ludn
BJT c6 kha nang khuéch dai tin hidu & trang thai din. Céc biéu thirc quan hé
nhuwr sau:

lg=Ic +15 (3.5)
B==1thi [pgo™ 0 (3.6)
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nén IE == B[B + IEBUE ﬁIE (3?)
Iz = (B+1) Iz¥ Ic (3.8)

2. Trang thdi bdo hoa khi Jem v Jem, Ie = Iomex do hai dong thudn cia hai
tiép gidp tao ra. O trang théi nay, BIT c¢6 kha ning dan dién cyc 16n va sut
ap trén cuc C va E 1a nho nhit ¢é giz‘i tr1 khoang 0,1V (goi 1a dién dp bdo hoa
Vegsar). BIT duge coi nhur 1a ngudn dién va khéng c6 kha niang khuéch dai
tin higu.

3. Trang thdi ngit khi JEng vi JCth, dong chay trong BJT 1 dong thuén
ctia chuyén tiép P-N & tai cuc nén va cu thu c6 gid tri rit nhd va nguge
chiéu vé&i IC lhc dang din, ta néi IC = ICmin"~ G,\ trang thii nay 1a trang thii
khong dan vi khéng khuéch dai tin hiéu xoay chiéu.

Hoat ddng cia transistor loai P-N-P:

Déng hat tai thidu st

_— &
Démg hat t4i da =6
- -+ . % +
+
e B £ R o
E + + o R r . P N + P+
+P * N F as, o £
+ i L + +
+ +
5 = B
"-hn"nghén’f B Ving nghao
I e i
||‘l.-'1-:P V{.'c_J

Hinh 3.4. Phén cyc thudn moi néi BE.  Hinh 3.5. Phén curc nghich méi noi BC.

Trong hinh 3.4, transistor P-N-P khéng cé dién &p phan cuc mébi ndi
CB, chi ¢6 méi ndi BE dugc phéan cuc thudn boi ngudn — dién ap V gg va né
hoat d:ung giong nhu chuyén hép P -N dandi & Lhurr_mg 2, Ving ngheéo giam
dd rong cua hing r:sm dmn thé va c4c hat tﬁ1 da su chuyén déng manh tir
mién phét f-.ang tmen nén khi chuyen tiép mién phéat phan cyc thuin. Tai
mién nén, cdc 1§ tréng theo luc hép dan LlIEl cuc thu C xuyén qua hang rio

dién thé (dang phin cuc ngugc cia mién nén va mién thu) dén cuc C tao
thanh dong cuc C.

Ap dung dinh luit Kirchhoff ta c6:
L (3.9)

Tmng do dimg Ic durge xem 14 tong cia hai dong: dbng cua cac hat tai
da sb I¢ majority (néu néi tu vung E) va dong ciia céc hat tai thiéu s6 ki hiéu 13
Ico minority (dOng Ic khi moi ndi BE hé mach):
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(3.10)

I, = Icm;'aria;w + e omin arity

DBéi v&i cac transistor thong dung, dong I do duoe vio khodng mA
trong khi dong Ico ¢6 gid tri rit nho ndm trong khoang tir nA dén pA. Ico
gidng nhur dong Is cta diode khi phan cyuc nguogc thay ddi 16n dudi tic dong
cia nhiét d6 moéi trudng, do d6 khi khdo sat cin phai tinh dén su thay doi
ndy trong thye té.

Dong hat tai da s6 Déng hat tai thiéu s6

B “Wang nghéo

§®

"'ll—
I\ v
Vee Vee

Hinh 3.6. Chiéu cdc hat tdi da s6 va thiéu sé trong transistor P-N-P.

3.4. PAC TUYEN VOLT - AMPE

3.4.1. Mach cyc B chung — CB (Common Base)
M6 hinh mach méic B :::hung cho c¢a hai BJT P-N-P va N-P-N duoc
trinh bay ¢ hinh 3.7. Mach miac B chung 1a mach c6 dong ngd vao Ig va dién
Ap ngd vio 14 Vg, dién ap ngod ra va dong ngo ra la I va V.

Hinh 3.7. Mach mdc B chung cho BJT PNP va NPN.
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a. Ho dac tu}rén ngd vao cia mach khuéch dai cyc B chung: duogc trinh
bay trén hinh 3.8a dién ta su lién hé gitta dong dién ngd vao I véi dién ap
ngd vao Vg trong tmg vl cice dién dp ra khidc nhau cua Veg.

Iy =  (Var) |y g =comse (3.11)

Trong ho dic tuyén ngd vao hinh 3.8a vi dién ap Vg ¢b dinh thi khi dién
4p Ve ting thi dong dién I cling ting va dic tuyén clia nd giéng nhu diode.

.llc\-l'ﬂ"ﬂ
I (mA) |
l.'L_E-Eﬂ‘.' Ic.“. vm
'4;1:11‘1'#
V=1 Venz
o G
]
?
& Ven
B
4
k]
2
1
*
0 gz a4 OB 0B Ve V1 0 I
a. b. C:

Hinh 3.8. a. Ho dac ruyéﬂ ngo vdo cua mach khuéch dai cuc B chung;
b. Ho dac mgfén nga ra cua mach khuéch dai cuc B chung;
c. Bdc tuyén truyén dat
h. Ho dic tuyén ngd ra cia mach mic B chung: dién ta su lién hé gilra

dong dién ra I vé dién ap ra Vg, va1 cic tham s dong dién ngd vao Ig
khac nhau duge trinh bay & hinh 3.8b.

Bic tuyén ra chia thanh ba ving: ving tich cue (active), ving ngung
din (cutoff) va ving bio hoa (saturation).

Ving tich cuc thudmg duge sit dung trong céc mach khuéch dai tuyén
tinh. Trong ving tich cwc mdi ndi CB phéan cure ngurge va mbi ndi BE phan
cuc thuan.

_ Trénho dic tuyén ra hinh 3.8b, & ving tich cue, dong dién Ic ting gén
bang dong dién Ig:
I.=1, (3.12)

Trong ving ngung dan, dong Iz = 0 va dong dién cue C duge xem nhu
phu thudc vao dong bio hoa nguge leo ¢ gia tri rat nho khoang vai pA va
xem nhu dong I = 0, mach dién dwoc veE lai nhu hinh 3.9.
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Collector to base

Hinh 3.9. Khi diong 1z = 0.
Trong viing ngung din ca hai mdi nbi CB va BE déu phan cuc ngugc.
Trong ving bio hoa dién 4p Vg gan bang 0V (bang dién dp Vsa).
Trong ving bio hoa ca hai mbi ndi CB va BE déu phén cye thudn.
Qua khao sét dic tuyén ta thiy dé transistor 1am viéc & ving khuéch
dai thi dién dp phan cuc moi ndi BE:
Vie =0TV (3.13)

Dong dién Ie va I phu thude vao céc hat tai da s6 c6 méi lién hé véi
nhau béi hé s alpha hay con goi 13 hé s truyén dat va duge xdc dinh bai
phuong trinh:

If'mq;l'r:lri;l‘:p =~ I_C
. I

E

a, = (3.14)

Trong d6 Ig va Ic 1a cac dong dién tai diém lam viée. D6i véi chc linh
kién thyc té thi hé sé alpha ndm trong khodng tir 0,9 dén 0,998. Hé s alpha
DC hay c6 thé goi 1a alpha (), khi d6 phuong trinh (3.10) dugc viét lai nhu

sau:
I =al,+I, (3.15)
Béi véi trudmg hop tin hiéu ac diém lam viée di chuyén trén dudng
cong diic tinh khi d6 hé s6 alpha ac duge xac dinh véi Ve - hiing sé nhu sau:

&, e (3.16)
i

Mo6i quan hé gilta dong lc va I dé dugc thiét 1ap & trén, hoat dong
khuéch dai cta transistor ¢6 thé trinh bﬁy bing mach dién hinh 3.10. Pién
4p phan cuc khéng xudt hién trong cdu hinh nay vi ching ta chi quan tim
dén dép g ctia tin hiéu ac.
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I I
—_ —_—
exl ¢ +
B
Vi=2{1{hn‘v’® R; R; R§ Vi

—> — 5kQ

20Q 100kQ
) :

Hinh 3.10. Hoat dong khuéch dai dién ap ciia mach B chung.
Dién tré ngd vao cha mach khi cd nguén xoay chiéu duge x4c dinh
trén dudng cong cua ho dic tuyén ngd vao (Hinh 3.8.a) ¢b gid tri rit nho
nam trong khoang tir 10 dén 100£.

EhE*:n tr¢é ngd ra duge xac dinh bdi dudng cong dac tinh hinh 3.8.b ¢

gia tri nim trong khoang tir 50 kQ2 dén 1MCQ.
¢. Ho dic tuyén truyén dat ciia mach mic B chung: hinh 3.8.c md ta sy 1é

thude ciia dong ngd ra Ic vao dong ngd vao khi dién ap ra ¢b dinh.

Ho dic tuyén cta mach mic B chung c6 thé st dung dé x4c dinh céc
théng sb co ban ciia mach khuéch dai khi sir dung cach mic nay.

Vi du tinh hé 86 khuéch dai ctia mdt mach siv dung BIJT mic B chung
ta c6 thé chon dién tré ngo vao bging 2002 va dong dién vao duoce xac dinh;

_V,  200mV

=10mA

R 200

Néu gia sir hé 86 ctac = 1 (Ie21g), khi d6:
V, =1,R = (10mA) x (5k€2) = 50V

Va I, =1 =10mA

Khi d6 hé s6 khuéch dai dién 4p 1a

V. 50V

A= = 200my

Hé s6 khuéch dai dién ap cia mach cyc B chung thudmg nim trong
khoang tir 50 dén 300. H8 s6 khuéch dai dong dién (Io/Ig) ludn ludén nho hon 1,
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Vidu 3.1

a Sur dung dic tuyén nhr hinh ~ 3.8b, Xdc dinh dong cucthul ¢ néu
.[E,=3H1A Vﬁ dlétl ﬂ,]'l VEB=|.{}V.

b Xdc dinh dong cuc thul ¢ néu dong dién I ¢ van duy tri 3mA, nhung
dién ap Vg giam xuong con 2V,

¢ Sir dung diic tuyén nhu hinh  3.8a va 3.8b, xdc dinh dién &p V 5g néu
[g=4mA va dién ap Vcp=10V.

Gidi:
a) Tir ddc tuyén, ta c6: I = [;=3mA
b) Anh hudng cia dién dp Vg c6 thé bé quanén dong k vin duy tri 63mA
¢) Tirhinh 3.8b, taco: Ie = Ig=4mA, trén hinh 3.8a, ta xac dinh duoc
dién ap Vsr 1a 0.74V
3.4.2, Mach cuc E chung — CE (Common Emitter)

Mach cuc E chung ¢6 dang nhu hinh 3.11 d6i v&i cd hai transistor
PNP va NPN. Mach co6 dong vao va dién ap vio la I, Vg, dong ra va dién
fl'p i ]-E1 VCE.

| + I

B 15 B s
_| Yo Vi
+ +
¥ o s— Vee
+
Ic Ic
| — | =K
. B, y <
IEl IET
E E

Hinh 3.11. Mach khuéch dai méc cuc E chung.
Ho dac m}fén vio va dic tuyén ra mach E chung duge trinh bay & hinh 3.12.
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alg (mA) i
CE

'H'GEE 1o

V. = alv

TVeeM O oo 04 06 o8 Vg

(B)

I-4 .
Ve
Ve

0 (C) In

Hinh 3.12. Mach mdc CE a. dic tuyén ngé ra; b. déic tuyén ngé vdo;
c. dic tuyén truyén dat

Tach: Ig =Ip + Ig va Ig = alg.
a. Diic tuyén ngd vao:

Dic tuyén ngd vao dién t4 mbi quan hé gifta dong dién vao Iy va dién
Ap vao Vgg trong mdt diy dién dp ra Vg khic nhau.

Gia tr1 dong dién Iz vao khoang pA trong khi gid tri dong dién I vao
khoiang mA.

Io = fae) |y mgonse 317
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b. Pic tuyén ngd ra:

Dic tuyén ngd ra md t4 mbi quan hé giira dong dién ra I va dién dp ra
Vg trong mot diy dong dién ngd vao Ig khic nhau.

e =f0es) |y coonee  (318)
c¢. Ho dic tuyén truyén dat:
B — (3.19)

Trong ving tich cuc ciia mach khuéch dai cuc E chung, trén dic tuyén
ngd ra ta co mdi ndi Jz va Jc phin cuc thuén.

Ta ¢ thé chimg minh duge tir cdc phuong trinh (3.12) va (3.15) nhu sau:
Ie =alg +1og,
Thay 3.9 vao, ta cé: I.=a(l.+I1,)+1

OB
Sawrading T =2 Ao (3.20)
l-a 1-«

Pit: I, =

!Cﬂﬂ |
pry — 3.21
Rkt l—{1|.{3—n { )

Ve

Eg
Ci

J—<e
)
Re o

Hinh 3.13. Mach khuéch dai ditng BJT NPN mdc CE

Ta c6 Ic va I ¢6 mdi lién hé véi nhau bai hé sb B, hay con goi 12 hé s6
khuéch dai dong dién DC, va xac dinh boi phuong trinh:

Bu=-5 (3.22)
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Trong d6, Iy v Ic 13 cic dong dién tai diém ldm viéc trén cdc dudmg
dic tuyén. Dbi v6i cac linh kién thye té thi hé s6 B ndm trong khodng tir 50
dén 400. Néu mot BIT ¢ hé sé B = 200 didu ndy c6 nghia 1a dong dién Ic
16n gép 200 1in dong dién 1.

Khi tra cac thong s clia transistor, hé sb Boc thudmg duge xem nhur 14 hyg.
Dbi véi tin hiéu ac thi hé s B, duoc xéc dinh nhur sau:

(3.23)

E Vg =const
Khi tra cac thing s6 clia transistor thi hé sé B.. chinh 14 hé s6 ;..

» Moi quan hé giita hé sé Alpha va Beta:
Ta ¢ B O
Tir phuong trinh (3.14) suy ra I, e vi tir phurong trinh (3.22) ta

o

suy ra:
1. £ " 1 1
I, =—, thé vao phuwong trinh trén duwge: —=1+—
I a f
__PB
Suy ra = (3.24a)
p+1
o
Hay f=— (3.24b)
-«
Tir hai phuong trinh trén, ta suy ra
1
——=f+1
11—« p
Phuong trinh (3.21) duge viét lai theo hé s6 p nhu sau:
oo =(B+Dlyy = fl oy (3.25)
Tir phuong trinh (3.22) suy ra
Io=ply + 1o =pl, (3.26)
Vi I=I.+1 =8l +1,=(8+DI, (327

Vidu 3.2:
Sir dung diic tuyén hinh 3.12
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a) Tim ga tr1 dong I, tvong (mg v&i Vg = +700mV va Ve =+10V
b) Tim gid tri dién &p Vg v Vg tuong tmg véi Ic = +4mA va Iy = +40pA
Giai:
a) Trén dic tuyén ngd vao, mg vai Vg = +700mV va Veg = +10V, ta
tim duoc

Iz = S0pA
Trén dac tuyé‘u ngo ra, img voi Iz = S0pA va Vg = 10V, ta tim dugce:
I-=5,IlmA
b) Trén diic tuyén ngd ra, img véi Ic = +4mA va Iy = +40pA, ta tim duge
Ver =+ 6,2V

Trén dic tuyén ngd vao, mg véi chc Iy = +40pA va Vg = 46,2V, ta
tim duoc

Vgg = 670mV
Vidu 3.3

a) Xdc dinh hé s6 Py tai diém 1am viéc ¢6 Ver = +10V va L = 3mA trén
dic tuyén hinh 3.

b) Tim gia tri « twong (mg véi diém 1am viée nay
¢) Tai Vg = 10V, tim gia tr1 dong dién 10 Icpp tuong (g,
d) Tinh gi4 tri gin dimg dong 10 Icgo st dung hé s6 B tim duge & chu a.

Griai:
a) Tai Veg = 10V va Ic = 43mA, Iz = + 25pA, ta cé:
3
B, :i ” 3.1(1‘_45 _120
. 2510
b) e B 120 =0,992
F+1 120+1
C) ICED = ﬂ',ST’[lA tﬂl ‘v’cE = 10V va ].]3 = U],LA
Q) B Loga § 0,3mA =351
' J5] 120

3.4.3. Mach cue C chung — CC (Common Collector)
Mach C chung duge trinh bay nhur hinh 3.14.
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| Vee

Hinh 3.14. Mach mdc cuc C chung (CC)
Cac dac tu},réu ngd ra, ngd vao va u*uyén dat cia mach dugc sir dung
nhur mach E chung,
3.5. CAC THONG SO GIOI HAN CUA BJT

Trén dic t_uyﬁn ngd ra cia BIT c6 ving gidi han Pemes. Diem lam viée
clia mach c6 thé ndm trong ving khuéch dai va dudi ving giéi han.

fe (mA)
\ TOpA
Iowux 50 i F-\-_“__-.Eﬁ-
,--'-‘-.--.-'-‘-L-.EE_}LLA;-..
¥img 40 == = A0pA,
b h&aa.__“_“ __________5_____.._____._--
1}”’—/ s Jﬂm = Verfr = J(mMW
30 ~30uA
- ~
| 20WA
20 1 Creg
e
— T
i 10yA -—
10
|
| Il Ig =0OpA
Bhoaw I 7 W 5B s Ver (V)
Viraa Vimg ngit o

Hinh 3.15. Pic tuyén ngé ra ciia BJT N-P-N va cdc vimg gidi han ciia né.
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Vung gidi han ¢6 dong dién I- cuc dai va dién dp gitta 2 cuc Cva E
(thuomg ky hiéu 1a Veg) 1a dién 4p bdo hoa Vepsy thudng c6 gid tri tir 0,1V
dén 0,2V (Saturation).

Cong suit tidu tan cuc dai duge xac dinh béi phuong trinh:
Fi. BN T (3.28)
Doi vi transistor NPN C1815 & hinh 3.15 thi ¢6ng suit tiéu tén 1a:
P =V.I.=10x30=300mW

max — PoEfC

Trong hinh 3.15, tai bt k¥ diém ndo trén dudng dic tuyén déu co
cong suit tiéu tan 1a 300mW.
Néu ta chon I = 50mA thi ta sé suy ra duge dién ap Ve =6V va néu

ta chon dién dp Vg = 20V thi dong I = 15mA. Néu ta chon dong dién I
ndm chinh gitra 1a 25mA thi dién ap Ve = 12V.

Ving ngung din duoge xéc dinh bén dudi dong dién I = Iegg.
Khi phén cuc cho BIT & ving khuéch dai, tin hiéu dwoe khuéch dai it
méo khi thoa méan diéu kién ciia cdc phuwong trinh 3.29.

j o i

CE0

V LV.. <V,

CEzar CE — 7 CEmax

V.. I <F

CE-C

(3.29)

Céc mach khuéch dai E chung va C chung ¢ cong sudt tidu tin Pemas
= Ig. Vg trén cuc C bai phuong trinh 3.30.

P =Vesle (3.30)
3.6. BAITAP

3.6.1. Tén cua hai loai transistor BJIT? M6 ta mdi loai va chi ra loai hat
din da so6 va hat dan thiéu so6 trong médi 16p ban dan. Ky hiéu cia
mdi loai transistor.

3.6.2. Khic biét gitra mégt linh kién ludng cyc (bipolar) va mdt linh kién
dom cuc (unipolar) 1a gi?

3.6.3. Lam thé ndo dé phan cuc cho hai chuyén tiép cta transistor cho
céc hoat dong thich hop?
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3.6.4. Ngudn gbc clia dong dién rd trong transistor?

3.6.5. MG ta su chuyen ﬂﬂnb ctia hat din nhu trong hinh 3.4 phin cue
thuéin chuyén tiép ddi véi transistor N-P-N.

3.6.6. M5 ta su chuyén &ﬁng r.,u.:l hat din nhu trong hinh 3.5 d6i véi
phin cuc nghich chuyén tiép transistor N-P-N.

3.6.7. M5 ta sy chuyén dong cila hat din nhu trong hinh 3.6 déi vdi
dong hat da s6 va thidu s6 cia transistor N-P-N.

3.6.8. Xac dinh sy thay doi cua dong dién cuc phat doi véi sy thay doi
clua dong Iz 2mA va hé s06 o= 0,98,

3.6.9. Mot transistor ¢6 dong dién cuc phat 14 8mA va o 1a 0,99, dong
cuc thu 1a bao nhiéu?

3.6.10. Tinh d0 l¢gi dién ap (A, = ‘v’[]f‘v .) dbi wfn mach hinh 3.10 néu dién
trér ndi clia ngudn 12 100Q mic ndi tiép véi tin hiéu vao V;.

3.6.11. Xac dinh dién trd ac trung binh déi véi dac tu}ren hinh 3.12b.

3.6.12. a) Sir dung dic tuyén & hinh 3.9, xdc dinh dong cuc thu néu Ig
=4,51‘[1A Vi 1"!'?[:3 =4V

b) Lap lai cAu a d6i voi I = 4,5mA vi Vs = 16V
¢) Pién ap Vep thay dbi anh hudng dén dong e nhu thé nao?

3.6.13.a) Sir dung dic tuyén hinh 3.8, xdc dinh I néu Veg = 10V va
Vg = 700mV

b) Xéc dinh Vgg néu Io = 5SmA v Veg = 10V

3.6.14. a) Cho ape = 0,998, xédc dinh I néu Iz = 4mA
b) Xéc dinh upe néu Ig = 2,8mA va Ig =20 pA
¢) Tim Ig néu Ig = 40 pA va apc = 0,98.

3.6.15. Bé ghi nhé, v& ra cdu trdc transistor BJT cdu hinh mach B chung
(cho loai N-P-N va P-N-P) va chi ra cye tinh cia nguon phén cuc
va két qua chidu dong dién

3.6.16. Xac dinh dong ICBO va ICEO c¢6 gi khic nhau? Sy lién quan
gifta ching?

3.6.17. Sir dung dic tuyén hinh 3.11
a) Tim gia tri Ie twong (mg vo1 Ve = +750mV va Veg = +5V
b} Tim gié. tf'l Vee va Vg rong l:ﬂlg v Ip = 3mA valg =30 I.LA
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3.6.18. a) Di voi ddc tuyén mach Cg hinh 3.11, tim B, tai diém 1am viée
C(ﬁl‘ 1'cl'F‘:'Ez 8y ‘I.-"f:l .[C =2mA

b) Tim gia tr1 o twong (ng

¢) Tai Vee= 8V, tim gid tr] dong Icge tuong img.

d) Tinh gi4 tri x4p xi dong Ieso sir dung hé s6 Poc dat duge ¢ ciu a.
3.6.19. a) Sir dyng dic tuyén hinh 3.11a, xdc dinh Icgo & Ve = 10V

b) Xéc dinh Bpe & IB= 10 pA va Vg = 10V

¢) Str dung B tim duge & ciu b, tinh I-gq

3.6.20. a) Str dung diic tuyén hinh 3.11a, xéc dinh Ppe & Is = 80 pA va
Veg =5V

b) Lip lai cdu a véi IB = 5 pA va VCE = 15V
¢) Lip lai cdu b véi IB = 30 pA va VCE = 10V

d) Xem lai két qua céu a dén c, gid tri BDC thay d6i tir diém lam
viéc ndo dén diém lam viéc ndo trén dic tuyén. Gid trj 16n nhat im
thdy & vi tri ndo?

3.6.21.2) Sir dung diic tuyén hinh 3.11a, x4c dinh Bac & I = 80 pA va
Ver =5V

b) Lip lai ciu a véi Is = 5 pA va Ve = 15V
c¢) Lap lai céu b v Ig = 30 pA va Veg= 10V
d) Xem lai két qua céu a dén ¢, gid tri P, thay d6i nhur thé nao?

3.6.22. Stt dung diic tuyén hinh 3.11a, xéc dinh fpe & Iy = 25 pA va Veg
= 10V. Tinh upc va Ig. (Ding cong thirc xac dinh Iz = Bpcls)

3.6.23. a) Cho apc = 0,987, xdc dinh gid tri Ppe tuong (mg.
b) Cho Bpe = 120, xac dinh gid tr1 ape trong (mg.
¢) Cho Ppc = 180, va Ip = 2,0mA, tim Ig va Ig.

3.6.24. V& cdu hinh mach CE (d6i véi transistor N-P-N vi P-N-P), va dit
vao dién dp phén cyc va phén tich két qua chidu dong dién Iy, I¢, I

3.6.25. Xic dinh ving hoat dong cua transistor c6 déc tuyéu nhu hinh
3.11 néu Ippg, = TMA, Vermge = 17V va Pegg. = 40mW.

3.6.26. Xdic dinh ving hoat dong cuia transistor ¢6 dic tu}rén nhu hinh

113



CHU'ONG 3 GIAO TRINH BIEN TU CO' BAN

114



GIAO TRINH BIEN TIF CO’ BAN CHUONG 4

Chwong 4
PHAN CU'C CHO TRANSISTOR LUONG CUC
BJT (BIPOLAR JUNCTION TRANSISTOR)

4.1. GIOI THIEU PIEM LAM VIEC Q

Mach phin cyc cho transistor 1a mach cung cép nang lugng mét chiéu
DC cho transistor (cho cdc chuyén tiép J; vi Je phin cyc) dé xac dinh céc
trang théi 1am viéc ciia BJT. Dé thiét ké mot mach diéu khién hay mét mach
khuech dai, ta phai thiét ké mach phin cyc ché d6 tinh DC va chi khi BJT
duge phén cuc & mot trong cac ché do xac dinh nhu ché do ngdt, ché do dan
hodc ché d6 bio hoa, lic d6 mach mdi c6 thé hoan thanh chirc ning tiép
theo 1a khuéch dai tin hiéu xoay chiéu (hoat dong trong ché dd dong ac
(Alternating current)).

P6i véi BIT, ta phat xac dinh vi tri #inh diém QO trén ho dac m}rén ngo ra

Gia sir ta ¢6 diic tuyén ngdra 1. = f(V,, )| J,—conse €2 mach mic EC

IC (IIL"'}L:I Iﬂmau
Qz
ICmal:n; 5
\‘Aﬂ‘mg dénh thing
Ving < thuin
bao hoa
Qo ™ I
) S BQO
Ving tich cuc .
- e
ik
o X
[]—I-= L = h,
Ve (sat) VCEmax Ve (V)
Ving ngumg dén

Hinh 4.1. Pdc tuyén ngé ra ciia BJT.

Nhu hinh 4.1, ta ¢6 céc vi tri ctia diém Q tuong duwong vi1 mach dugce
phin cuc nhur sau:
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1. Khi mach duoc phén cuc o diém Q[] J& phan cuc thuédn va J- phén cuc
nghich, ta c6 BIT dwoc phin cuc & ché d6 din — ché d6 khuéch dai. Diém
Qp thudc ving tich cuc trén dd th1 ho dac tuyen V-1 cua transistor BJT.
Ving hoat dong tich cuc cla transistor bi gidi han bdi cac tham 50

IEmm— IEU [Emax

IEED ICQ ICmax
VEEW = 1"l‘F'EEI;)_I VE‘EmaI

Peg = lco-Vero= Peoma
Céc phuong trinh trong tinh todn ché d6 phin cuce nhur sau:
Versi = 0,7V: Verge = 0.3V: Vg = 0,2V
Ig=Ic+ 15
Ic=Plg + Iceo
Chi & diém Q, hodc Q trong ving tich cuc thi transistor méi thure hién
duge nhiém vu khuéch dai tin hidu xoay chiéu ac.

2. Khi mach duge phén cuc & diém Q,: Ji phin cue thuén va Je phén cuc
thudn, BJT duge phan cue & trang thai bao hoa. Trang thai nay, BIT dugce
coi nhuir mot nguon dong dién.

Icoz = Iomax
Veroz = Verer =0,2 V=0
Peroe = Lemax. Viegsa = 0

3. Diém Qi: Jg phén cuc nghich va Je phin cuc nghich, mach dién tir

dugc phén cyuc & trang thai ngat (Cut off). Trang thai khéng dan.
Icor = Iemin ™ 0
Vo1 = VoEmax
Pcegi = Iemin. Vepmax = (.

Ché dd phan cuc DC cia BJT thudmg bi phu thudc vao nhigt do tac
dong 1én mach, nhiét dd clia mé1 trudng va nhiét dd tich liy trong linh kién
bén din khi mach lam viéc trong thdi gian dai. Do anh huéng ciia nhiét do,
diém Q c6 thé bj thay dbi va chuyén doi vi tri tir ving ngét sang din hoic
nguoe lai hodic tir vimg din sang ving bio hoa, nhiét d6 1dm thay d6i cic hé
s6 nhur Bac va dong dién Iogg. Nhiét do cang ting thi d&rng dién Iegn tﬁngj ldm
thay d6i diém 1am viéc Q. Do d6, céc mach dién phai thiét ké c6 su 6n dinh
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nhiét 4, dé khi ¢6 sy thay dfﬁi nhiét d6 thi su thay d6i cta diém lam viéce la
nhé nhat. Su én dinh cia diém lam vige duge chi dinh boi he $6 én dinh S
dé xdc dinh mirc d6 thay doi diém 1am viéc phu thude vao su thay dbi cia
nhiét do.

4.2. PO ON PINH CUA MACH
 Cée yéu tb gay bt on dinh diém lam viéc Q d6 la: dién &p ngudn cung
cép, nhiét do... O ddy, ta chi xét dén yéu t6 nhiét d6 vi n6 lién quan dén vin
dé phén cuc cho transistor . Khi nhiét d¢ thay d6i s  anh huéng dén cdc
thong s6 cla transistor, thé hién bdi cde tham 6 sau:
-1,

~ Déng ri: Lo @) =15y T2 4T 4.1)

Trong d6, AT l%. d6 bién thién nhiét dé lam dong dién bdo hoa nguge
tang gip doi thudng bing 10°C.

— Hé sb n*uyén dat dong dién:

Tz _T]
75

ﬁ-"': = ﬁw; 1+ ) (4.2)

— Dién dp Ve (mg voi I = const:
AV, =—(2+25mV/"C (4.3)

Vay khi nhi¢t do 1dm viéc cua transistor b thay d6i lam cac thong so
trén cia transistor thay ddi theo két qua 1 diém 1am viéc Q bi dich chuyén
trén ddc tuyén ngd ra hinh 4.2,

& - (mAl i e imAl
I_F,___—-—-—'''-__-_------_:ﬁ__:i h_r_ ERTES
==
i ] b
¥ & O-puin

T T
i 5 n I §

- [} [ & m Vs I+ L] 10 & I8 an ey
fe .'.-'l1 |5 'II ke

il 4hy

Hinh 4.2. Diém lam viéc O bi dich Ef(;ﬂ@é“n khi nhiét do thay doi a. 25°C, b.
100°c,
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Tiéu chuén dénh gia sy bét n dinh ciia mach theo nhiét 46 13 S, céc
hé s6 bat 6n dinh 1a:

S(Icm'} e £
Alcso (4.4)
Al
S(Vgg) =—=
AV (4.5)
Al
S(f)=—=
Ap (4.6)

Xét su bt 6n dinh nhiét clia mach hinh 4.3:

| EL ot N A P

Hinh 4.3. So d6 mach khuéch dai 6n dinh cuc E.

Gidai:

Xét mach vong (1) hinh 43tacod: V.. =1,R, + V. + I . R.(4.7)

Io=alg+1 .,
I.+1
hay [, =SB0 .1 . dong o (4.8)
[
[.—=1
Va: Iy=1-1, =ﬂ—fc (4.9)

¥
Thay cong thirc (4.8) va (4.9) vao (4.7):
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e, =[—‘r~f —;m —IE]RE+VH+[—IC +meJRE
1-a)R,+R I
- f‘_,{( ”]ﬂ_“‘ E]+vﬁ+—jﬂ [(R—H)

(Vc _VBE) 4 R.E+RB

Suyra: I.=
BT YR v Rla) RerRid-a) =
The i a0 biéu thirc trén:
ay a = — vao bicu thirc trén:
p+1
I{- =ﬁ {VC _VBE) +[ﬂ+]) RE +RB i (41[])
Ry +(f+DR, Ry +(f +DR;
3 ; ; R.+R
Tir cong thie (4.10), ta cd: S(1-..)=(F+1 E__E
g (4.10) (I )=(f )RB+U3+1}RE
1+%
Hay S(I.,)=(8+0) = (4.11)
(ﬁ+])+&
RE‘
4 SUcso)
Hé s6 on dinh
L -*RB
S=R+1(doivon —>F+ 1)
Re
RE Eoapa R'E-
S=— (doivoi l<« — <+ 1
RE( 01 v R, B+1)
; .
1= | »RB
1
\ R B+1 Rs
5x1(d5iv¢riR—2{1)

Hinh 4.4. Pé thi ciia S(Ico) theo Rs/Ri
Néu ,‘;'E‘,F_q‘_ > (B +1) thitacs SU ) =(B+1)

£
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Néu 1{%{(&1)@1“6 5(1,:39):%

E E
;. R j
Neéu —E <<l thitacd S/ p5n)—>1
RE
Va cling tlr cong thirc (4.10), ta co:

1
S i R, +(f+DR, 1%

Ig]ﬁ% )
v S(f)= - (4.13)
pult+ "o )

Tir cong thirc (4.10), (4.11), (4.12) ta thdy cdc hé s bat dn dinh nhiét
ndy c6 gid tri bién d6 16n nhat khi %:&:—{ﬁ+l] khi R, ¢6 gi tri nho va R,

E

co gid tri cang lon. Vay Rg dong vai tro on dinh nhiét cho mach.

Tém lai, sy thay d6i ctia dong I¢ theo céc théng s6 cua transistor khi
nhiét 46 thay doi 1a:

Al =8I 135)Ml gy + S Vg )AV,s + S(HAB (4.14)
Dé thiét ké mach hoat dong én dinh, ngudi ta thudng chon nhur sau:
VR (4.15)
10 5
Hay R mt eyt grge m. (4.16)
10 5

Tém lai, khi nhiét d6 ting, diém Q bi dich chuyén tai cic vi tri Q . Q,
Q:do d6 ta co thé danh gia sy thay d6i d6 qua cong thirc d6 bét én dinh:
dl,
dl

L=

CBO (4.17)

Ly tuong nhat , khi S = 1, mach én dinh nhit . Dé tinh toan S ta xét
mach khuéch dai dwoc phin cyc nhu hinh 4.5 sir dung BJT loai NPN (Si).
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b3 R
2 | TR
-
Il I"H :
RBE l \ ~|
@ |
1 -
V
BR T N o J_.
Hinh 4.5a Hinh 4.5b

Ta xét thanh phan mé t chiéu hinh 4.5b. Ap dung dinh luit Ohm cho

mach vao khung 1 ta co
Vie = IgRgs +Vge + IgRg

Ta co: Ie = alg + Icro
I -1

; I Al .,
7 o

;EEIE_ICZ%_IC

Ta thay 4.19, 4.20 vio 4.21 ta co
a(Vy, —V,.) R,+R,
e & CBO
R.+R,(1-a) R,+R,(1-a)

Ta thay vi phén 2 vé ta duoc
dl R.+ R,

Al gy R+ Rp(1—a)

Ta co: I = a(ls + Ic) + Ieso
= Ic = Pl + Icro
o
J=—
: 11—

(4.18)
(4.19)

(4.20)

(4.21)

(4.22)

(4.23)

(4.24)

(4.25)
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= E e (4.26)
1—¢x
Ta co thé nhéin duogc
R +R
S=(f+1)+ E___ BE 427
(B+1) R +(B+ 1R, (4.27)

iy 1a cong thirc tinh d6 bét 6n dinh ciia mach va dé thiét ké mach
khuéch dai 6n dinh ta s& tinh S cho timg mach phén cue riéng

Thudmg d& mach 6n dinh ta thuong chon

E.d
Ry _(E Tﬁj{ﬁ+l)ﬂﬁ (4.28)

4.3. CAC DANG MACH PHAN CUC CHO BJT
4.3.1. Mach phén cwe kiéu dinh dong Iy (Rg=0)

Mach phén cye kiéu dinh dong Ig duge cho trong hinh 4.6 sir dung
transistor NPN mac chung cuc phat . Ta phai xic dinh diém lam viéq cua
mach, tire 1a xac dinh diém Q(Icg, Verg) trén ho dic tuyéﬂ ngo ra. Bé xac
dinh dugc trang thai hoat ddng cua BJT, ta phii xac dinh duoc I;.

Ve
Ry Re ¢, vV
¥ G
o }: ]

Hinh 4.6. Mach phén cuc dinh dong cyc B

Trén hinh 4.6, theo khung mach vong kin Ve, Rg, Vg ta ¢é phuong
trinh phén cyuc nhu sau:

+V, . =1,R, +V,, (4.29)
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Do dién ap ngudn cung cap va dién ap V _ ge la nhimg gia tri cb dinh ,
nén voi mot gia tri dién tro phén cue R g cu thé, dong 15 12 ¢ dinh. Néu bo
qua dién ap phan cuc Ve, ta c6 thé tinh toan dong I don gian hon

I,= VECR‘ Vi , ‘;fc (4.30)

B

_[06+07V (S
B7102+03V  (Ge)

B

Dong Iy duge xéc dinh 13 gia tri 1sg trén ho dic tuyén ngd ra, Is 6 gid
tri phu thude vao Vee, Rg do d6 mang tén “dinh dong 15",

Khi ¢6 gia tri cia Igg, ta suy ra dong Igg nhu sau:
I (4.31)

I
Veo/Re & Ipmax

? e
o —

Vcasaw Verg Veo

Hinh 4.7. Xdc dinh diém lam viéc Q trén duong tdi mot chiéu (DCLL)

Dé xic dinh gia tri Vegg,ta phai tién hanh xét khung mach vong kin (2)
nhu hinh 4.6b.

Theo khung mach vong kin hinh 4.6b ta co:
Vo.=LR.+V,, (4.32)
Phuong trinh dudmg tai tinh duge suy ra tir phuong trinh (4.32) nhur sau:

I.= iv.*:E T V£
RC‘ RC
Tir do6 ta suy ra:
Veso =Voe —ITcoRe (4.33)
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Piém Q duwoc xdc dinh trén dd thi dic tuyén ngd ra hinh 4.7
Q(lco;Veo) 1a giao diém cia dic tuyen phi tuyén cua BJT va dudng tai tinh
DCLL (Direct current load line).

Phin tich mach phén cuc cha BJT 1a xac dinh trang thah lam viéc cha
mach dién tit, 12 vi tri ctia tinh diém Q trén do thi ho dic tuyén ngd ra.

vﬂ' ESut VCEQ Vcc

Hinh 4.8. Puong tdi tinh va vi tri ciia diém tinh O

Trén hinh 4.8 ta xét:

- Néu '\-’i. tri cua {jlém Q tI‘ﬁ]‘lg vol Q](ICQ];VEEqﬂ la dlém co g'lﬁ tl‘l
Veeqi=Vee, ta néi mach dang duge phin cuc ¢ ché d6 ngit; ldc ndy
I[‘Q]= lemin = 0. Cl’ﬁl’]g sudt tiéu tan trén BIT lic l'lﬁ}f 1a: Pq:n = ].c(_g] .V[HJ]:U

— Néu vi tri diém Q tai diém Qux(Icgo;Verge), lic niy Poe=lcgs. Vero: # 0.
Mach dang durge phén cuc & trang théi dan khuech dai.

o Néu "r"i tri dlém Q tﬂl dlém QE(IEQE; VEEQSL lic ﬂﬁ.}" IE(;IEI:I-Em:Lx;
Veegai= Vegsa = 0,1V

Do d6 Py = I3 Veggs = 0. Ta ¢ thé x4c dinh nhanh cdc mitc gia tri
trong ving bao hoa nhy sau: Do dong dién bdo hoa Iee trong dbi cao con
dién 4p Vg xem nhu bing 0V. Ap dung dinh lugt Ohm dé tinh dién tré mbi
noi CE:

R.,=——=——=00)
5 IC' IC.-mr

Ap dung két qua trén ta v& lai mach c¢6 md hinh nhu hinh 4.9.

Pbi véi mach phan cuyc ¢ dinh khi trﬂnsi‘smr & ché do bao hoa, so dd
mach nhur hinh 4.9, dién ap roi trén Re chinh bang Vee va dong dién I béo
hoa c6 gia tri:
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Hinh 4.9. Xac dinh I-,,,. Hinh 4.10. Xac dinh 1, ciia mach
phan cuc.

I3 = (4.34)

Transistor lic nay déng vai tro nhu ngudn dong dién c6 V. cpee = 0 va
dong Iemax dat gia tri cye dai.

Do 6n dinh ciia ma ch trong treong hop nay theo  (4.27) ta co:
Rp=0;S=p+1

Mach ¢6 d6 bt 6n rét 16m.

Vi du 4.1

Cho mach phén cyc BJT loai NPN , xac dinh diém 1am viéc tinh Q va
vé dudmg tai tinh DCLL cta mach.

vc;_' —_ +12v

240k C: Nat s
CI [B ' + | AC
Ngd viﬂ%| L= - \, 10uF
ok My Ve
10uF / f =50

Hinh 4.11. Mach phan cuc c6 dinh cho vi du 4.1
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Gidi:
V —
a. I, =-t€ Var 12 ”’W=4T,ns;m
%o R 240k

B

I, =pI, =(50)(47,081A)=2,35mA

Ves, =Voe = IR, =12V —(2,35mA)(2,2kQ) = 6,83V c. C.

b.
Vo =Vg: =0,7V
V.=V, =6,83V
Ic
Veo/Re | Tpmaz
N
11 Ipo=40,08 UA
Icg
I' “J I
. |
~r i “‘.. ‘rﬁ'mén

vCE.'i‘m V[;EQ Vc.-j =12V

4.3.2. Mach phén cue dinh dong Ig ¢6 dién tré Rg (Rg£0)
Cho mach phan cue nhu hinh 4.12

Hinh 4.12. Mach phdn cwe BJT co thém dién tro cuc E
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Xét khung mach vong kin V¢, Vgg, Rg khung (1) ta cé:

Vee =140+ Vo + I R, (4.35)
Ta cé: I.=(8+1I,
Thé vao phuong trinh (4.35) ta dugc:

Ve =1R, +V,, +(f+DI R, (4.36)
Dong dién Iz duge tinh nhu sau:

Vee —Vir 4.37)

I =
" R, +(B+1)R,
C6 sy khac nhau trong phuong trinh dong dién Iz so voi1 mach phén
cuc ¢d dinh 13 thanh phén (B+1)Rs.
Tir phuong trinh (4.37), ta ¢6 mach dién twong duong nhu hinh 4.12b.
Neéu nhin tir phia dién 4p Vgg thi dién tro Rg phan héi trdr lad dong dién ngd
vio Iy bai hé s6 (B+1). Do B thuong ¢6 gid tri vao khoang 50 dén 400 nén
dién trér cuc Re s€ trd thanh mét dién trd rat 16n d6i voi ngd vao giira cuc B
va cure E nhur hinh 4.12b. Dién trd ngd vao nhin tir cuee B:
R =(f+1)R, (4.38)
Ta xac dinh: Iog=PFlpg+ 15,

Xét khung (2) hinh 4.12 ta ¢é phuong trinh dudmg téi tinh DCLL:

Voo =1gRg + Vg +I R, (4.39)
Thay thé Ip= I va suy ra dién dp Vg
Ve =Vop— Tl R+ Ry ) (4.40)
Phuong trinh dudng tai tinh dugc suy ra tir phuong trinh (4.40) nhu sau:
'

e ke =
(Re+ Ry ) (Re+ R )

DPién ap tai cuc Emitter Vg:

Ve =1Ry =V (4.41)
Dién ap tai cuc Collector V!

V. =V . +V,. (4.42)
Hay:

V.=V .—I.R. (4.43)
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Dién ap tai cuc Base Vi:
Ve =Vee — IRy (4.44)

irl:"m.w g
(.48,

/ o

! F{ S at P'('.EQ I;‘._{_
Hinh 4.13. Dwong tdai mot chiéu va diém tinh O cua mach phdn cuc dinh
dong cuc B co dién tro R
RE + REH ~ RHE
R, +(f+1)R, R, + Ry
(L+1)

Po ondinh S=(S+1D)+

Mach 6n dinh ta chon:
1

1
RH‘H‘ = [g Tﬁ]{ﬁ + [)RE

Vi du 4.2.Cho mach phén cye nhur hinh 4.14. sir dung BJT Si loai NPN,
a) Xac dinh diém Q
b) V& dwdmg tai mét chidu DCLL

+2

2

10pF

e,
v, —| =50
_%m I“]; OuF

Hinh 4.14. Mach phan cuc cé dinh co dién tro Emitter
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Gidi:
Cong thirc:
VoirVaw: (20-0,7)V 183N

o

i - = =40,1:A
" Ry+ (B4R, 430kQ+(51)(1kQ2)  481kQ 5

I, = I, =(50)(40,1uA)=2,01mA

Ve =VCC‘_IC(RC+RE}
= 2(1V—(2,Ubnﬁ}(2kﬂ+]kﬂ) =20V —-6,03V =13,97V

Vo =Veo— IR, =20V —(2,01mA)(2k2) =15,98V

V,=V..—I.R.~V, =V.-V, =1598-13,97=2,0V

Ie(mA) "
o !

[ &

g AT

Q ( Ver=13,9V: I¢ = 2.0ImA)
Foge2 gy e

I Ver (V)
FCEQ = 13,91"? Vﬂ'ﬂ':'zﬂv

Viduy 4.3
X4c dinh dong dién bdo hda trong hinh 4.14
Gidi:
roo Vog . 20V 20V
R +R, 1kQ+2KQ 3kQ

=6,67mA

4.3.3. Mach phén cwc ciu phén 4p

Mach phin cyc bang cu phin 4p DC hinh 4.15. C6 hai phwong phap
phan tich mach: phén tich chinh xéc va phin tich gan ding.
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Yoo

A
b
A
L

Re
V.

) 'S

ol o

Rn:

A
LA

-

Hinh 4.15. Mach phén ciec cau phan dp.
# Phan tich chinh xic:

Mach dién hinh 4.15 duge chuyén sang mach trong dwong Thevenin
nhur hinh 4.16

Hinh 4.16. Mach twong dirong Thevenin ciia mach phén cuwce cau phdn dp
Xéc dinh dién tré Thevenin Ryy: ngén mach ngudn dién dp cung cip Ve

Rrgr =Ry \\Ry, =Ry (4.45)
Xéac dinh dién ap Thevenin Ey:
v Rss (4.46)

5 pRlntl 4 208
Ry + Ry,
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IR, |
|
|
R (2) |
MIEH E : = VYcco
I___“”‘j
T Vm® | ZRey
.

Hinh 4.17. So d6 cdc mach vong phén tich dong dién.

Theo mach vong (1) hinh 4.17, dong dién Iz ¢6 thé xic dinh biang dinh
nhur sau:

Vi = 1Ry —Vige — 1R, =0
Thay thé dong Iz = (B + 1)l vio suy ra dong Iy:
VT _VBE

Ipp = R +(B+1)R (4.47)
Theo mach vong (2) hinh 4.17, ta ¢6 phuong trinh:

Vege =Vee —1(Re + Ry) (4.48)
Phurong trinh dudmg téi tinh duge suy ra tr phueong trinh (4.48) nhu sau:

—1 V

o

O M, A R - -
© (R.+R,) ® (R.+R.)

Hinh 4.18. Puong tdi mot chiéu va diém tinh Q ciia mach phan cwe cdu
phén dp
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» Phén tich gin ddng:
Mach phén 4p ngd vao c6 thé thay thé biang mach dién hinh 4.17. Dién
trér Ry 14 dién trd twong duong gi[i'a cuc B va mass — da xéc dinh ¢ phén trude
=+ Re

Néu R; 16m hon n]neu s0 v&i Ry thi dong Iz nhé hon dong qua Ry rat
nhidu c6 nghia 1 dong I, xdp xi bing dong I,. Khi d6 dién 4p trén R, bing

dién dap Vg xic dinh béi phuong trinh:

V, = FaVec (4.49)
RBJ‘ ¥ RH‘E‘

- Co thé xem Ry = (B + 1)Re=PRy. thi didu kién dé thoa man phép tinh
gin ding 12

SR, > 10R, (4.50)
Xéc dinh dién dp ViV, =V, =V,

Xéc dinh dong dién Ig: I, = ;_
Va cd thé xem: Tl
bién dp Verg: Verp =Vee — I (R, +R;)

Biém tinh Q khong phu thude vao hé s6 B.
Veg =Vee =1 (Re +Ry)
Vi du 4.4
Cho mach phén cye nhu hinh 4.19, sir dung BJT loai Si
a) Xdc dinh diém 1am viée Q.
b) V& dudmg tdi mot chiéu DCLL
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10k
39kQ 3
10uF
n—)—
3.9k0 g
Hinh 4.19
Gidi:
Tinh theo cach chinh xac
 (39K0)(3,9k02)

Cong thite: R, =R, \\R, = 3,55k

27 30k0 + 3,9k
Ry _(3,9k).(22v)

Céng thitc: Vi =—22— ¥, = =2y
B T R AR, 30kQ+3,0kQ
Cong thirc:
E -V 2V —0,7V
; Vg — 6,054

TR, (PR, 3,55kQ+(141)(1,5k02)
I, = BI, =(140)(6,05A) = 0,85mA

V

ce =Vec —1c (Rc +RE‘]
= 22V —(0,85mA ) (10kQ2 +1,5kQ2)

=22V —9,78V =12,22V
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134

Icf

)
IC ik FCC‘
" (R +Ry)

Q ( Vep=12,22V; Ic = 0,85mA)
Icp=0,85} — — —

| VEE (V)
Vego = 12,22V Vee =20V

Hinh 4.20
Tinh theo cdich gin ddang
Kiém tra fR, =10R,
(140)(1,5k€2) = 10(3,9k2)
210k =39k (thoa min)

R (3,9kQ).(22V)
Cong thite: Vy=—2—V,. = =2V
SRR T RAR YT snsaoin
Cong thire:
V,=V, -V, =2V-0,7V =13V
IL.QEIE=VE el =0,867mA
R. L15Q

&
So sanh véi 0,85mA d6i voi phén tich chinh xéc:

Vg =Vee — I (Ro+ Ry ) = 22V —(0,867mA) (10kQ + 1, 5kQ2) = 12,03V
Nhin xét:

Céc két qué Ieg vi Verg tinh theo hai phuong phép gin bang nhau.

Gid tri R; cang 16m so v6i Ry thi két qué cing gin so v&i cdch giai
chinh xdc
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Vidu 4.5

Lap lai phén tich chinh xac & vi du 4.4, néu B giam xudng 70, so sanh
két qllﬁ [EQ va "II'FEEQ

Gidi:
Ry va Vi khong ddi: R, =3,55kQ va E,, =2V
A WV -0,7V

R +(B+ )R, Bsk) (L) A

I, =PI, =(70)(11,811A) =0,83mA

Veso =Vee— I (R + R, ) =22V —(0,83mA ) (10kQ+1,5kQ) = 12,46V

CEQ
Lap bang ta c6
p Icq (mA) Veeg (V)
140 0,85 12,22
70 0,83 12,46

Két qua cho thdy mach nay khéng nhay véi su thay doi cia . Mic du
B giam di mét nira, nhung Ieg va Verg gan nhu khong d6i.

Vi du 4.6

Cho mach phén cyc BJT nhu hinh 4.21

a) X4c dinh Rg;, Ry 820 cho V, = %

b) V& dudng tai mdt chidu DCLL va x4c dinh diém tinh Q
18V

5.6kL02
-R -3
"3 l |0pF
AT -
IﬂplF i
oF:
1.2k82

=

Hinh 4.21
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Gidi:
Ta xéc dinh Icq tir phuong trinh V. =1, (R, +Rg)+Vg,; biét
Ve
¥ii—V
Taco I,=—"—2
K+ R
§ V,-V
IBQ — cQ il th BE (-1}
ﬁ R.I'.Fz + {ﬁ+ I}RE‘
Ta lai co Vo = M (2)
RH‘I +REE
R = Ry, Ry, (3)
RBI +RBZ
Ry, duge chon nhu sau: R.= [% — %){ﬂ +1) Ry

Cho gia tri Ry, vira chon vao phuong trinh (1) ta tinh duge gia trn Vo,
Gii hé phuong trinh 2 4n s6 (2), (3) ta c6:

¥ = Ry, i Vi
Ry +R;, Vo
B, Ry
Rm i 1;, =3 Ry, = I:r
Th ; 18
Vee

4.3.4. Mach phén cue hdi tiép tir Collector
Xét mach phan cuc hoi tiép dién 4p nhu hinh 4.22.
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oc R TS SRl

1”:‘,%1 W' Ij .

v
Re
R 3
5 e |,
5
Re

|

|

|

|

|

|

| |

) —Li

| ReRs - | o | V[‘c
~ 1 a

! RE | I

| (e S L VLY |

Hinh 4.22. Mach khuéch dai héi rié‘:p cuc C

Pién tr& hdi tiép Ry nhim én dinh mach theo phuwong trinh phin cuc
nhur sau:

Vee=I_R.+I R +V _+I_R, (4.51)

Vae 1a dién ap tac dong 1én trang thai lam viéc cua BIT:
1
Vor =Voe — (R + R, +ER3 M

Theo khung mach vong (2) hinh 4.22, ta ¢6 phuong trinh mach dién
nhur sau:

Vee=1R, +?{:E+I'ER(_.

Do [I.=I.val,=I_,nén:

Vee =Vee — 1o (R +R) (4.52)
Fome S0 L +L(DCLL]

C CE
RC + RE Rc + RE

Rg mic hdi tiép 6 tic dung on dinh va bao vé mach khi ¢6 anh hudng
cua ta1 tai cuc C hodc nhigt d6 moi trudng lam thay do1 trang thai lam viée
ctia mach dién tir.

Tir (4.51) ta ¢o:
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1
Ve =Vee _(Rc +R, +ERE}IC

Khi lc trén tdi ting do nhiét dé ting hodc do chip mach trén tai.
Chuyen tlep Jc dang phan cuc nghich by danh thing [dm héng BJT. Nhd ¢
RE mic hoi tiép ta c6 phuong trinh (4.51) Ie ting Vg gidm (do Vec 13 hing
s6 trir mot lugng tang). Pién 4p Vg suy giam tic dong 1én chuyén tiép Jg
lam Iz giam va BIT dan yél_x di Ic giam bu lugng tang vira xay ra bao v¢
BIT. Vay R mic hoi tiép dé bao vé BIT gidm su thay doi trén tai ty dong
on dinh mach.

Vidu 4.7

Cho mach phén cuc BJT nhu hinh 4.23

i:'l} Xac l‘lelh dhng Icq, VEEQ

b) V& dudmg tai mét chidu DCLL

10V

Vio 11
10 uF
Cong thirc:
Y.~V _ (ID—U,?)V

" R, +P(R.+R,) 250kQ+(90)(4,7kQ+1,2kQ) 9.91u

Iop =PI, =(90)(11,91uA)=1,07mA

Vegp =Vee — I (Re+Rg) = 10V —(LO7 mAN4,7 Q2 +1,2kQ) = 3,69V
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4.4. PHAN TiCH PUONG TAI MOT CHIEU DCLL
Pudng tai tinh DCLL
Xét ché d6 phén cue mét chiéu DC cia mach dién nhu hinh 4.24

Hinh 4.24. Mach khuéch dai Hinh 4.25. Buwong tai DCLL
phan cuc co dinh
Pudmg tdi mot chidu (DCLL — DC load line)

Mach dién hinh 4.24 thiét 1ap mdt phurong trinh ngd ra dién ta méi lién
hé gitta hai bién I va Vegnhu: V., =V,.. —1 R,

1 V
Hay: I. =—R—ch+f (4.53)

([

Phuong trinh (4.53) chinh 1a phueong trinh dudng tai DC cha mach
hinh 4.24,

P6 thi dudng tai mot chiéu (DCLL) cua mach duge bidu dién trén
cling cic dudng dic tuyén ngd ra cia transistor nhu hinh 4.25.

Khi gid tri dién trd Ry thay di din t&i dong dién Iy thay dbi theo, két
qué 12 diém tinh Q s& di chuyén 1én hoic di chuyén xubng nhue hinh 4.26.
Néu dién ap Ve vi Iy gift c6 dinh va dién tré Re thay d6i thi dudng tai s&
dich chuyén nhu hinh 4.27.
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& 2
Vee Yoe Yoo YoE

Hinh 4.26. Piém O thay doi theo dong Is. Hinh 4.27. Sy thay doi Re.
Néu Re ¢6 dinh va Ve thay dbi thi dudmg tai dich chuyén nhu hinh 4.28.

Vecg Ve Voo YeE
Hinh 4.28. Sy thay doi cua dién ap Vee
Pudmg tai mot chiéu DCLL hop vt truc Ve mét géc a, khi d6 ta ¢o:

foc s holo i — — @bi i mach c6 dien b Re  (4.54)
R, (R +R.)

Nhu véy tity theo yéu céu thiét ké va gia tri V¢ ta co cac duong tai
DCLL khac nhau.

45. THIET KE MACH PHAN CUC
4.5.1. Thiét ké mach kiéu dinh dong

Vidu 4.8:Cho dic tinh cua transistor nhu hinh 4.29a, hdy xac dinh
Vee, Ry va R cia mach hinh 4.29b.

140



GIAO TRINH BIEN TIF CO’ BAN CHUONG 4

lo(mA) T""'UU

\z\ ’
of ziw :""'.?J:
(a) (b)
Hinh 4.29. Dac tinh va so do mach khuéch dai.
Griai:

Tir dudng tai xac dinh duge dién 4p cung cdp V. = 20V,

L= Vee
© R.|Vy=0
Suy ra dién tré Re:
R, =h =ﬂ =25k
I. BmA
Dién tro Rg:
R = | 5 20V =07V — 482 5KO)
? I, 4004

Céc dién tr&s chudn trong thuc t& ¢6 gid tri Re = 2,4kQ va R = 470kQ,
sir dung céc gid tri dién trd nay thi dong I = 41,1pA — sai s6 5% so voi gid
tri chi dinh.

Vi du 4.9:Céu hinh mach phén cuc hinh 4.30 ¢6 cic théng sb cho
trude lcq = 5 IESatg Icgat = 8mA va I?I =110. Hﬁ}’ X4ac d‘ll‘lh RE, RE Vi RE.

Hinh 4.30. Mach phan cuc on dinh cuce E.
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Gidi:
Dong dién Iqg:

1
I :E I, =4mA

Xac dinh dién tr& Re:
V V..—V. 28V -18
Rc= Re _"CC - V=2=5m
Ieg oo
Khi transistor dat trang thai bao hoa, dong bio hoa:
— VCC
5t Rﬂ 4. RE
Suy ra dién tr6 R R, =~ _R. =2 _5 510 =1k
Clar SmA
Gia tr1 dién tré Ry:
V.. — 28V —0.,7
R, =C“—VEE-—(J3 +1)R, =—’V——(l 11)(1k€2) = 639,8k(2
IBQ 36,36 uA

Chon céc gia tri dién tré chuan trong thue té: Re =2,4kQ, Re = 1kQ va
Ry = 620kQ).
4.5.2. Thiét ké mach kiéu ciu phén ap

Vidu 4.10: Cho Icg = 2mA va Vegg = 10V, hdy xdc dinh R; va R cua
mach dién nhir hinh 4.31.

+18Y

Hinh 4.31. Mach khuéch dgi phdn cwee bang cau phdn ap.
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Gidi:
Pién dp Ve:
V. =I_R,_=I_R, =(2mA)1,2k2) =24V
Pién dp Vs:
V, =V +V, =0,7V +2,4V =31V
Dién 4p Vj tinh theo cdu phén 4p:

= R\Vec
R+R,
Suy ra dién tr& R;:
o or, oy - MOHENOY) vops gemneny
v, 3V
Dian trés Re:
RE ploy V.i'?c o VCI’: _{VCE +FE'} 3 ISF _12:4V ‘:ngm
i P 2mA

4.5.3. Thiét ké mach phén cue v6i dién tré 6n dinh cue E (Ry)

Hay xem xét vigc thiét k& cac thanh phﬁn phin cuc DC ciia mach
khuen.h dai co cnn dinh phén cuc bang dién trd 6n dinh Re nhe hinh 4.32.
Ngudn cung Lap va chem lam viéc dugc lua chon tir cac thong tin trong s0
tay clia nha ché tao vé transistor diing trong mach khuéch dai.

Vi du 4.11: Hay xdc dinh cﬁ:in:: gia tr1 dién tré ciia mach dién hinh 4.32
vai diém 1am viée va dién 4p nguon cung cap cho trong mach cho trude.

Hinh 4.32. Mach khuéch dai 6n dinh cuc E.
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Gridi:
Bién ép tai cye E, Vi thudmg chon bang 1/10 dién 4p ngudn cung cip:
W, ar s oOn i
10 10
Suy ra dién trd Rg:

Suy ra dién tr& Re:

Ve Vee—Vee-Ve  20V-10V-2V _

R.=
I I 2mA

4kQ)

Suy ra dong Iy:

The it PP i
£ 150
Suy ra dién tr¢ Rg:

Vo W W, V-0V

R
g E 13,3304

= 1,3M2

4.5.4. Thiét ké mach phin cwe phén 4p véi dién tré R

Vi du 4.12: Hay xédc dinh cic gia tri dién tro cia mach dién hinh 4.33
voi diém lam viée va dién 4p ngudn cung cdp cho trong mach khi biét
ch.vﬁ Ic = 1{)1'[11"3!.

W |

Hinh 4.33. Mach khuéch dai phéan cuwc bang cdu phén dp.
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Gidi:
Bién dp cuc E thudmg chon bing 1/10 dién &p ngudn cung cép:

1 1
V.=—V.. =—20V =2V
B 10

Suy ra dién trd Rg:

Suy ra dién tr& Re:

Voo Wou W SO0 BV N
R0 T A T
[

Dién 4p Vs:
Va=Ve+Ve =0TV +2V =27V

Cac phuong trinh tinh toan cic ga tr1 dién trd R, va R; cd mdit truc
tric nho 14 chi ¢é mét phuong trinh nhu'ng lai ¢6 hai bién R, vi R, do dé cén
phai ¢o thém mot phl[ﬂ]‘lb trinh thi hai dé tim céc gia trj dién tro. D6 vai
cée mach dién nhu thé thi diém 1am viéc hidu qua khi dong dign chay qua
dién tré R, vad Ry xdp xi glp 10 lin dong IB hodc hcm thé nira giéng nhu didu
kién dé thuc hién phép tinh gin ding. Diéu thuc té nay két hop véi phuong
trinh cu phén 4p s& tim dugc cdc gia tri dién trd Ry va R

10R, < /iR,
R

=3 2

V
R+R, ¢

B

Thay s6 vao: R, < %Sﬂxm =1,6k0

g =YecRs p _ 20V

¥ T

L6kC)—1,6k€2 =10,25k(2
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4.6. BAITAP
4.6.1. Cho mach nhu hinh 4.34, x4c dinh I¢, Re, Rg, Ver

u—ﬂg
lr—ﬂ%

lg = 40pA b i Ve P~
/ /
: "
Hinh 4.34 Hinh 4.35

4.6.2. Cho mach phan cur ¢ ¢6 dinh nhu hinh  4.35, xdc dinh: g, lco,
VCEQ, Ve, VE,, V&

4.6.3. Cho mach nhu hinh 4.36, xdc dinh I, Ve, Rg, B

VTEL« I

[ V=72V P I 5 v,
Tg = 20pA .
J Ig = 4mA g bkl
Hinh 4.36 Hinh 4.37
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4.6.4. Tim dong dién bio hoa I¢y, trong mach dién bai tip 2.

4.6.5. Cho mach phan cye nhu hinh 4.37, xac dinh: Igg, Ico, Verg, Ve,
Vg, Vs

4.6.6. Cho transistor c6 ddc tuyén nhu hinh 4.38,

a. V& duong tai trén dudng dic tuyén duge xdc dinh bdi V. cc = 21V
va Re =3 kQ cho cAu hinh mach phén cye dinh dong cue B.

b. Xéc dinh dién trd Ry dé diém lam viéc nam giira dudng tai.
¢. Xéc dinh gia tri dong Ieg va Veg.

d. Gid tri cia B, tai diém lam viée d6.

e. Xac dinh gia tr cua o tai diém 1am viec do.

f. Xdc dinh dong bdo hoa (Icsa) ciia mach.

g¢. V& mach phin cyuc b dinh hoan chinh.

h. Xéc dinh cong suft tidu tan cua linh kién tai diém lam viée.

18
JI."" Al
11
______——:____ !HH.I.:L -
i %_‘:'____ e 47kQ
R an Ie
| SOESRE
= Vo= 12V

7 6 Hhh,
&) e — 1";11
| SRR

| ik
4 e ————— _ = VE

a < 5.6k0
El — A

-
: i 1.2k2

-
2 5 1 1 21 2 0wV g

Hinh 4.38 Hinh 4.39

4.6.7. Cho mach phén cyc nhu hinh 4.39, xac dinh: Ieg, Verg, VER;

4.6,8. Cho mach phén cyc nhu hinh 4.40, x4c dinh: Iz, Ico, Verg, Ve,
Ve Vs
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T +16V
3.9k0
S6kQ g 3.6kQ2
s 470kQ2
& i AN oVe
Y
. s B =80 lIC
. IE
Iug =120
! i
2 9.1kQ
2051kQ
Hinh 4.40 Hinh 4.41

4.6.9. Cho mach phin cyc nhu hinh 4.41, x4c dinh: Icg, Ve, Is
4.6.10. Cho mach phéan cye nhur hinh 4.42, xac dinh: Icg, Vee, Vi, Ry,

Vg, Vce
Ve
T +12V
L]
% 2.7k
" 4.7k02
3 R 'r.i 2
) S 1502 IMQ
WpA % Lk We—r %
P
= Vo E =130
< 8.2k0
$ HE 3.3kQ)
Hinh 4.42 Hinh 4.43

4.6.11. Cho mach nhu hinh 4.43, x4c dinh khoang gi4 tri dién 4p V ¢ khi
str dung bién trg 1MQ

4.6.12. Cho mach phin cuc nhu hinh 4.44, x4c dinh: Igg, Ve, Vi, Vee
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30V
o
26.2k0
470k 220k0 S T
S T
5 %
104F ATl !

+16W

"o }I = = il Yo ﬁ= 100 o

Ve

Hinh 4.44

-12W

Hinh 4.45

4.6.13. Cho mach dién hinh 4.45, xdc dinh I¢, Vi, Ve, Is
4.6.14. Cho Vg =4V 0 mach dién hinh} 46, xac dinh Vg, I, Ve, Ver, Is

18V

330kL2

Hinh 4.46

Hinh 4.47

Cho mach dién hinh 4.47, x4c dinh I, Ve, Ve, Is
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Chwong 5
DAI CUONG VE TRANSISTOR TRUONG FET
(FET — FIELD EFFECT TRANSISTOR)

Chuong trude, ching ta da khao sat BJT 1a linh kién ludng cuc, st
dung c4 hai loai hat din da s6 va thidu s6 @& tao ra dong dién. Chuong nay
ta s& khao sat ho transistor trudmg (FET) véi didc diém dong dién duge dicu
khién bing 4p va chi sit dung mot loai hat (hat da sd) dé tao ra dong dién
nén thudc loai don cyc tinh (unipolar).

Noi dung ciia chrong gidi thiéu ciu tric, nguyen 1y hoat dong cia céc
linh kién JFET (transistor truémg chuyén tlep - Junction FET), IGFET
(Isulated Gate FET - Transistor truong cyc cong cach ly) va MOSFET
(Metal oxide semiconductor FET). MOSFET lai dugce chia lam hai loai
MOSFET: E-MOSFET (Enhancement MOSFET — MOSFET kénh ciam
(rng) va D-MOSFET (Depletion MOSFET — MOSFET kénh c¢6 sén).

FET 1a mét linh kién réit quan trong, ra doi sau va c6 nhiéu uu diém hon
BJT nén duge sit dung trong nhiéu linh vire dién tir, thiét ké va do ¢6 kich
thude hop 1y nén dung ché tao céc mach tich hop IC (Integrated Circuit)
5.1 TRANSISTOR TRUONG - FIELD EFFECT TRANSISTOR
5.1.1 Ciu tao

Drrgin {04 ¥ Draln (O

Ké&nkh

Vg rghsos Wiy g e £
S Source (5]

Hinh 5.1: Cdu triic va K hiéu ciia JFET kénh n va JFET kénh p.

151



CHU'ONG 5 GIAO TRINH BIEN TU CO' BAN

FET dugc cdu tao trén ban din hinh tru N, bao quanh chu vi ctia né 1a
phién ban din khéc ching loai P. Mién thong S-D 14 kénh dén N.

JFET 14 linh kién bdn din c6 ba cue, cdu triic va ki hiéu cua JFET
kénh n va JFET kénh p nhu hinh 5.1.

Trén hai dAu cia mdt thoi ban din hinh tru loai N, pha it tap chat,
ngudi ta gin hai dién cuc, dit tén 13 cwe mang D — Drain va cie nguén S —
Source nhu hinh 5.1, Vong theo chu vi ciia théi ban dan, ngudi ta tao thanh
ving ban dan loai P, dit dién cuc kim loai tiép xc va dua ra thanh cwe
cong G — Gate (hay con goi 12 cuc diéu khién). Ranh gi6i cta hai ving bén
din khac loai s& tao thanh mién nghéo nhur hinh 5.1. Do viing ban din loai P
khong bao phii toan bo chu vi théi ban dan loai N nén doc theo thoi ban din
loai N ving ma mién nghéo khéng choan chd duoc goi 1a kénh din. Chire
ning ciia kénh din rat quan trong vi dong dién chay trong FET 1a dong dién
chay qua kénh dan.

Tuong tir cho cau tric cia JFET kénh p.

5.1.2 Nguyén Iy hoat djng va diic tuyén Volt - Ampere
Pé JFET hoat dong, ta cin phén cyc hai mbi ndi DS va GS.

a. Xét trwdomg hop Vg =10 (ngﬁn mach GS —short GS), Vpe> 0:

Hinh 5.2: Mach phan cuc cho JFET kénh n voi Vg = 0.

Véi chiéu dién 4p Vpp phian cuc nhu hinh 5.2, cde dién tir s& di
chuyén tir cuc ngudn S dén cuc méng D va bi hit vé phia cuc duong clia
ngudn Vpp tao nén dong dién Ip nguge chidu véi chiéu chuyén déng cua hat
dan. Dong dién nay chay vao cuc D chay doc theo kénh dan va chay ra khoi
cuc S nén ta luén cd

1,=1I,(5.1)

Vi chuyén tiép PN ctia m6i ndi GD ludn duge phin cyc nguoe nén ta ¢d
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I,=0 (5.2)

Hai biéu thirc (5.1) va (5.2) 14 luén ding véi moi trudmg hop phén cuc
cuia ca hai loai JFET kénh n va kénh p.

Cu thé hon, khi ¢6 dinh Vgs= 0 va dién 4p Vps ting tir 0 Volt dén vai
Volt, twong dwong vdi dién 4p phan cye nguge cho chuyén tiép pn ting lén.
Tuy nhién lae nay dién 4p Vps con khd nho nén hiu nhu khéng dnh huong
dén bé day mién nghéo va tiét dién kénh din nén dién trér kénh din hiu nhu
khong d6i, duge xem nhu 13 hing s6. Dong dién Ip s@ tang va xdc dinh theo
dinh luat Ohm védi Vps. Khi Vpg ting 16n hon, bé rong mién ngheo ting 1én,
tiét dién kénh din giam dan. Khi Vpg dat gid tri Vp (pinch off), ving ngheo
phinh to cham nhau tai mét diém va hién tuong thit kénh xay ra nhu hinh
5.4. Trong viing ndy, quan hé I, va Vpg tudn theo dinh luit Ohm, kénh din
déng vai trd nhue mét dién tré nén con goi 1a ving dién tré (Ohmic) duoc the
hién bang doan OA trén hinh 5.3.

Piém dénh thung

Biém that kénh C D4 l'

+'D
A rCac moc bio hoa B
. |
%, q"l:.i-._; = I¥ ﬁ "
dign ¥ iang phu thudc R - | —
van Kénh dan bep Pl
Vg = Vo
e 1 i

thién ird cla kénh dén

Pinch off

Hinh 5.3: Dic tuyén ngé ra ciia JFET kénh n khi Ves= 0 va thay doi Vps> 0
Hinh 5.4: Hién tuong that kénh dan

Khi Vpg ting vugt qua gid tri cia Ve, dign dp phan cuc nguge ting
nén diém thit s& lan rong ra vé phia cuc S. Bé rong viing nghéo giam nhung
luc hat hat din tir nguf‘:‘-n Vpp ting tao nén mot ving dac biét cé dong Iy
khong doi duge goi 14 ving thit kénh hay ving bio hoa, twong duwong véi
doan AB trén hinh 5.3. Do 6, ¢6 thé n6i khi dién &p Vps> Vp thi JFET ¢6
dic tinh nhu mot 1a nguén dong Ip = Ipgs ¢6 gid tri khéng phy thude vio
Vs, con gia tr1 dién dp Vps phu thude vao tai.
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'0*'nes Vpe —

, Wi - -
L = o &

Hinh 5.5. Hién tuong that kénh  Hinh 5.6. Mach tuong dicong nguon dong
ciia JFET kénh n khi Vos = 0; VDS} Vp.

Néu tiép tuc Vps qua 16n thi chuyén tiép pn cia JFET s& bi d4nh thing
dong dién I, ting vot duge thé hién bing doan BC trén hinh 5.3.

_ Ki hi¢u Ipsschinh 1a dong dién tir cyc mang cuc dai trong trudng hop
ngan mach (Short) G-S va Vps>Vp.

Ki hiéu Vp (pinch off voltage) 1a dién 4p tai d6 bt du xay ra hién
tuong thit kénh, con goi 1a dién dp that kénh hay dién 4p nghén.

b. Truwimg hop Ves< 0, Vpg > 0

Dién ap tir cye G dén cuc S ki hiéu 12 Vg chinh 13 dién 4p diéu khién
cua JFET. Cling gmng nhu cac gia tr1 khac nhau cua dudng c:nng dong dién
I- theo Vg duoc thiét 1ap tir cac gia tr1 khac nhau cua dong I d6i véi BIT,
thi dudémg cong cua dﬁng dién I theo Vpg dugc thiét 1ap tir cac gia tri khac
nhau ctia dién 4p Vs d6i v6i JFET.

Khi phén cue Vg 4m dién 4p phan cuc nguege chuyén tiép pn cia FET
tang hon so véi triedmg hop Vas = 0. Vi thé hién tuong thit kénh sé xay ra
sém hon khi Vpg= Vp + Vgs, thay vi Vpg = Vp nhu khi phan cuc Vgs= 0,
dién tr& kénh dan ting hon nén gia tri dong Ip bdo hoa s& gidm din va hién
twong danh thing ciing xdy ra sém hon. Néu tiép tuc gidm Vgs 4m dan thi
dong Ip bio hoa giam dan. Khi Vs = Vp, dong méng Ip giam xubng bang 0
do I nay vimg nghéo md réng va hoan toan chodn hét chd ciia kénh dan.
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& Tolmi) & T imo)

Vg =00 JH

_ V<0 )B

Vezo J
Vom < i1 )

I".—.-;..{Dj

Ve 2 i1 J

Vg = 14 4

Ths

Hinh 5.7. Ddc tuyén truvén dat va déc tuyén ngé ra cia JFET

Ki hiéu Vp 1a dién 4p that kénh sir dung cho Vg v Vps. Gid tri Vp ctiia Vpg
va Vp clia Vg 12 trai déu.

c. Pién tré duwee diéu khién béi dién 4p:

Ta thay trong ving dién tré, véi moi gid tri dién dp Vs do dée cua
ddc tuyén khic nhau twong ng véi gia tri dién tr kénh din khac nhau. Vi
thé c6 thé néi trong ving nay FET thuc sy ¢6 vai trd nhw 1a mot bién tré (c6
thé sir dung trong cic khoa dién tir va trong cdc mach ciia hé thong ty dong
didu khién dd lgi) ma gid tri dién tré ¢6 thé duge didu khién bai dign dp
cung cip Vas. Khi Vgs trd nén cang am, dudng cong trd nén ndm ngang
twong (g voi cac mire dién tré dang ting. Phuong trinh sau s& cung cip
dic tinh gia tri dién trd kénh din theo dién dp Vs:

B
" i (5.3)
Ve

Trong d6: ry la dién tro kénh dan khi Vs = OV,

Vg =

ry ld dién tré kénh dan tai mét gid tri ddc biét ciia Ves.
d. Ving thiit kénh — Ving biio hoa

Ta thay ring, trong viing bdo hoa ndy gia tri dong dién Ip khéng phu
thudc vao Vps ma phu thuge vao Vgs theo phuong trinh Shockley. Hay noi
cdch khic I bi diéu khién béi Vs.

2

Y

ID 5 ID.'-:S (1 -—= ] (5.4)
VF
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Nhur viy trong phuong trinh cho thiay méi lién hé giiva I vA Vg 12 khong
tuyén tinh, tao ra mét dudmg cong ting theo ham mii khi ting gid tri ciia Vgs.

Tuong tur ta ¢6 dic tuyén n'uyén dat ctia JFET kénh p ngugce lai véi kénh n,

5.1.3 Céc thong sb ciia JFET:

Thue gé, JFET bi gidi han béi mot 86 thong 56 veé dong, ap, cong suht
clia timg moi ndi, tin s6, nhiét d6,... Néu JFET hoat dong qua gidi han sé
din dén hu hong. Chc thong sb ndy, ta c6 thé tim thiy trong datasheet ciia
linh kién ma nha sdn xudt cung cép, c¢6 thé tai trén mang. Mdt s6 thong sb
thong dung nhu:

ﬂléﬂ tiP CLc E{II VD.'S'm.:Lw VDGH‘!EJ:

Dién ap phan cuc ngugc cuc dai cua moi noi GS

a{ . r 5
Cong sudt tiéu tan cuc dai.

Nhiét do huu trir

= A A, .J{l _;-
Nhiét do moi noi pn

52 TRANSISTOR TRUONG CO CUC CONG CACH LY IGFET
(ISOLATED GATE FIELD EFFECT TRANSISTOR)

5.2.1 Ciu tao:
Gibng ciu trie cia JFET nhung cue G ciia IGFET khéng tiép xiic véi
kénh din ma chi tiép xtc véi 16p Si02 nén con dugce goi 14 FET ¢6 cyuc cong
cich 1y IGFET (Isulated Gate).

Hinh 5.8. Céu triic va ki hiéu cia IGFET kénh n va kénh p
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5.2.2 Nguyén Iy hoat djng

Nguyén 1y hoat dong cia IGFET kénh n, dya trén hiéu img tu dién.
Khi Vs> 0, hi¢u img ty dién dién (1op Si0; 1a digén dung cia tu digén) s€ lam
gidu dién tich Am cho kénh din 1am qua trinh nghén kénh chim hon so véi
Vas = 0. Diém nghén kénh s& xay ra chim hon 14 doan OA,B, hinh 5.10.
Piy 1a ché db lam gidu hat din trong kénh n. Khi Vgs< 0 - ché @6 1lam
nghéo hat din trong kénh, do hidu tng tu dién trong kénh din s& xuét hién
dién tich duong s& lam chuyén tiép p-n phin cuc nghich nhanh hon. Sé
luqng céc hat dan chay tir S sang D s& giam hon so véi trudmg hop Ves= 0,
diém thit kénh s& xdy ra sém hon 13 dmm OA,B|C,. Cang giam Vgs thi
dong Ip cang giam, ta s€ co cac dic tuy:—:-n dui dnan 0OAB,. Khi Vgs= ‘v’p
hién tuong that kénh xay ra ngay khi ciap nguoén Vpg lic nay dong In= 0
Gidng véi JFET ta c6:

1D= 15
I =0 (cuc cong cach ly)

vi dong I theo phuong trinh Shockley (5.4). Ip = 0. Vp goi 14 dién 4p
md cua FET.

Hinh 5.9.Ché dé lam nghéo hat dan trong kénh n ciia IGFET

b T lmA) 4T fmy
]-"r_.u ] _.f’;
// % tmt
B
Ve =0 ST
= Vimg giau hyt
Im A // V= UB d,;l‘l_ h'ung k&h
_________ _ ‘ Ving nghéo hat
[, .. - = =
_ .- Ve = n“"ﬁ] diin romge kénh
Vima< @ )'I
Fﬁﬁ]{ﬂ F]
l,p ~ li'rﬂﬁ

Hinh 5.10. Ddc tuyén truyén dat va déic tuyén ngo ra ciia IGFET kénh n
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5.3 TRANSISTOR TRUONG MOSFET

MDSFET(Metal Oxide Semiconductor FET) 1a mét loai transistor co
dong dién bi didu khién béi dién 4p va cuc cong cach ly giéng nhu IGFET.
MOSFET c6 hai loai D-MOSFET va E-MOSFET.

5.3.1 MOSFET kénh ¢6 sin (D MOSFET — Deleption MOSFET):
a. Céu tric:

Céu tric va ki hidu ciia MOSFET kénh ¢6 sin kénh n va kénh p duge
trinh bay nhu hinh 5.11.

|
D
G
85
5
D
Cr
KénhN Kénh P

Hinh 5.11. Cau tric va k hiéu ciia D MOSFET kénh n va p

Trén phién ban dan loai P, ngudi ta khuéch tin tao ra hai ving ban din
loai N & hai dau khéi l:sén din tao nén cuc D (Drmn — Cyc mang) va
S(Source — Cuc ngudn), nbi gma hai ving ban dan nay la mét kénh din
dugc tao thanh cing loai ban dan N, Trén toan bd khdi ban dan, ngudi ta
phu mot lérp ming SiO, céch dién. Trén bé mat 16p SiO, t'[at mot dién cyc
kim tiép xtc dua ra 1am cuc G (Gate — Cuc L{}Ilg} O hai ddu phum ban din,
khoét xuyén qua 1ép Si0,, dat hai dién cuce nep xiic v&i hai ving ban dan
loal N dua ra thanh cuc D va S. Trén ph1en ban din loai P, nguot ta cling dat
dién cuc kim loai dua ra lam cuc dé SS (Substrate). Thong thudmg, cuc dé
duge ndi chung véi cure S. Vi thé ta 6 hai loai ki hiéu, cue dé ndi chung cuc
S hay cuc dé khong néi chung cye S. Trén diy 1a md ta cau tao D-MOSFET
kénh n. Twong tir ta c6 cdu tao ciia D-MOSFET kénh p.
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b. Nguyén Iy hoat dong co’ bén va céic diic tuyén vén — ampe ciia D-
MOSFET:

Sau day ta s€ gidi thich hoat dong ctia D-MOSFET kénh n. Hoat dong
ctiia D-MOSFET kénh p s& tuong tu.

Pé D-MOSFET hoat déng ta cin phin cwc hai moi ndi DS va GS.
Trong do phin cwc DS sao cho cac hgt dan da so di tir cie S sang kénh
din va qua cuc D

Theo cdu triic cia D-MOSFET ta thdy cuc G 1a cach ly nén ludn c6

1.=0

Vi dién 4p phén cuc cho mdi ndi DS nhur hinh 5.12, dién tir bi hit vé
phia cye duong cua ngufin Vpp tao nén dong I theo chidu nguec lai tir cuc
D chay doc theo kénh din dén cuc S nén ta luén cd

I,=1,

Khi ¢b dinh Vs va ting dan Vpg vai dién ap duong, dién ép phén cuc
ngugc chuyén tiép pn ting. Hoat dong D-MOSFET giong nhu hoat dong
IGFET ciing ¢6 3 viing: dién tro, that kénh, danh thing (hinh 5.14),

Khi V= 0, giéng vol IGFET, dong dién I bao hoa duge goi 14 Ingg

(dong dién tir cuc mang sang cuc nguon khi ngan mach - short GS). Poan
OAB trén do thi.

Khi V>0, do higu tng tu dién (16p Si0; la dién dung cia tu dién) sé
lam tang dién tich 4m cho kénh din ldm qué trinh nghén kénh chim hon so
vGi Vgg= 0. Do dé diem nghén kénh s& xay ra cham hon 1a doan OA;B; hinh
5.14. Py 12 ché d6 1am giau hat din trong kénh n.

Hinh 5.12: Phan ciec D-MOSFET vai Vs> 0V, Vps> 0
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Hinh 5.13: Phan cuc D-MOS vai Vas< OV, Vpg> 0

& Taima)

& (A

i
J

Frgg = 5-'_J B“

O, |

Frage < il )é ‘
1

P'.-'-l:":l']_)

Frga =i s

Figa > U

Fogp = 4

Ying gifau hat
din trong kénh

Wimg nghto hat
din trong kénh

e
3

Vog

0 Frs

Hinh 5.14: Pdc tuyén truyén dat va dic tuyén ngé ra ciia D-MOSFET

Khi Vgs<0 ché dd 1am nghéo hat dén trong kénh din, do hiéu (mg tu
dién trong kénh din s& xudt hién dién tich duong s& lam chuyén tiép p-n
phan cyuc nghich nhanh hon. S6 lwong céc hat din chay tir S sang D s& giam
hon so véi treong hop Vgs= 0, diém that kénh s& xdy ra sém hon 1 doan
OA;B,. Cang giam Vg thi dong I cang gidm, ta s€ ¢d cac dac tuyén dudi

doan OA,B, .

Thay d6i cdc gia tri khic nhau cia Vg ta dwge mét ho dic tuyén nhu
hinh 5.14. Trén dic tuyén ngd ra ciia D-MOSFET ¢6 ba ving lam viéc:
ving ngét, ving bio hoa, ving khuéch dai (véi Vp 1a dién 4p nghén, dién 4p
Am t6i thiéu ma tdn tai dong Ip).

Tuong tu nhu JFET, dong dién Ip ciia D-MOSFET bi diéu khién béi
dién ap Vs theo phuong trinh Shockley (5.4).
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Tuong tur ta ¢6 didc tuyén cia D-MOSFET kénh p nguoc lai véi D-
MOSFET kénh n.

Tém lai D-MOSFET 13 loai MOSFET kénh c6 sin ¢6 hai ché d6 1a
1am nghéo va gidu hat din tiy thude vao dién dp Vsdit vao kénh.

5.3.2 MOSFET kénh cdm dng (E MOSFET - Enhancement
MOSFET):

a. Céu tric:

Trén phién ban din dé loai p, ngudi ta thoéi vao hai thi ban din n, n
bing phuwong phép Epitaxi 1am hai cure twong (mg 14 S va D. Sau d6 phu 1én
mot 1op cach dién S10;. Khic vin ciu trie cia D-MOSFET, E-MOSFET
khong c6 kénh dan nbi giira cuc D va cuc S. Ngudi ta khoét lép SiO, dat
cic dién cuc kim loai tiép xic dé dwa ra thanh cuc D va cuc S. Con dién cye
G chi tiép xtic véi 16p SiO,, hoan toin cdch ly véi kénh din. Phin bén din n
clia 16p dé nguoi ta cling gan mét dién cuc kim loai va dua ra 1am cuc dé
Sub (Substrate). Théng thuong cyue dé duge ndi chung véi cuc S.

Logi N Loai P

D

G G

5

‘. S
(a) (b)
Hinh 5.15. Cau triic va K hiéu ciia E MOSFET a. Loai N; b.Loai P.
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b. Nguyén Iy hoat ddng va dic tuyén Vén — Ampe

Pé E-MOSFET c¢6 thé hoat dong dugce diéu kién cin va du 1a phai
thiét 1ap kénh din ndi giira cuc D va S. Do hiéu (mg tu dién dé hinh thanh
kénh din n E-MOSFET hoat d6ng thi Vs> 0 v Vpg> 0.

Khi dién ép Vs> 0 duoc thiét 1ap & gia tri duong 16n hon 0V nhu
hinh 5.18, do hiu img tu dién cac dién tir s& tap trung vé nim doc theo 1ép
oxide SiO;. Két qua tao nén mot ving ngheo nﬁm gan lé6p ngin cach
S]DEkhung ¢ 16 tmng Cing lic d6 dién tir trong chit nén p (thudc hat tai
thiéu sﬂ} s€ b1 hit vé cyc G va tich liiy tao thanh mét ving mang dién tich
4m gan bé miit cia 16p SiO- tao thanh kénh din n.

Hinh 5.16: Sy hinh thanh kénh dan trong E MOSFET kénh n khi Vs> 0.

KhI dién dp Vg ting dat dén glé tri di¢n dp ngwiong Vry (threshold)
thi sur 6 lwgng cac dién tir tip trung gan mit phing 16p SiO; ting du c6 thé
tao thanh mét kénh dan gifta hai cuc D va S va dong dién I, xudt hién, Khi
dién 4p Vg ting vueot qua dién dp ngudng thi lyc hit cang ting din dén mat
d6 ciia cac hat tai tr do chira trong kénh din ting nén dong dién cuc mang
ting. Vi E-MOSFET loai n ndy chi din dién khi Vs> Vg nén no con
duwge goi la MOSFET loai ting.

Sau khi hinh thanh kénh din, hoat dong cua E-MOSFET gidng nhur
IGF ET cling co hién tur.mg nghén kenh {dlem A trén dic tuyén), danh thing
chuyén tiép mién D (diém B trén diic tuyén) nhu hinh 5.18. Ta c6 :

ID= 13

Is= 0 (cuc cong cach ly)
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Hinh 5.17: Sy thay doi bé réng kénh ddn — hién tuong that kénh dén trong
ché dé lam giau kénh dan Vgg>0
Tuong ty nhu JFET va D MOSFET img vdi cace gia tri Vg khic nhau
ta duoc ho dic myén cua E MOSFET.

& I5{mAl $inima)
Vg = OV F
-’-’-.-_ Vi > @ j’
Vg ™ I} JJI
- .-5;._".;1':‘)'
iy By
I:L Voo 31 ia
Ve " il .

Hinh 5.18: Dic tuyén truyén dat va ngé ra cia E_MOSFET kénh n.

Tom lai khi gid trj dién dp Vs nho hon dién ap ngudng (Vm) thi dong
dién cuc mang ciia MOSFET loai kénh cam (mg bang 0. K_hl gia tri dién ap
Vas 16m hon Vo, dong dién cye mang quan hé khong tuyén tinh véi dién 4p
V g5 bing phuong trinh:

I,= k(VGS —Va, )2 (3.5)

Trong d6 k 13 hing s6 phu thude vio dic tinh E-MOSFET. Thong
thuﬂmg, gia tr1 k khong &uﬂc néu cu thé ma thay vao d6 ngudi ta cho toa dd
mot diém diic biét trén db thi Ip = f(Vas) 12 (In(on), Vas(on)). Dua vao dir
kién nay ta c6 thé suy ra gid tri cta k tir phwong trinh (5-5) nhu sau:
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I

Di{an}

=

(VGS (on) Vﬂz )2

(5.6)

Tuong ty, ta co dac tuyén cua E-MOSFET loai p ngugce lai véi loai n.

54 SO SANH GIUA BJT VA FET

JFET

BJT

- Ciu tao ¢6 kénh dan n, hoiic p

- Dong dién I 14 dong cua hat da
s6 chi chay qua kénh din nén Ip c6
gia tri 1on FET ding trong khoa
doéng mo nhanh

1.20;1,=1I
- Co6 kich thude nho thudmg ding

trong ché tao IC (vi mach tich hop
Integrated Circuit)

- Trén ho dic tuyén V-1 ngd ra c6
tham s6 didu khién bing dién 4p

Vs
V 2
I,=1 (1 - J
Fi) FEAAY V
F
fnl
Vismas > 0 )
Vea=0 ,
Vesr <0 )
r_ |
/ Vasmn <0
Vbs

- C6 céu tao co ban bang Ji va Je.

- Dong Ic xuyén qua hai chuyén tiép
nén sé khé khin hon dong Ip va Ic
o6 gi trj nhé hon Ip.

V=017 I. 21,

- C4 kich thudce 16n hon FET cing 1
cong suét

- Trén ho dic tu én V-1 ngd ra c6
tham s6 didu khién bang dong dién
IB lmEu.: dléﬂ Hr,p VEB-

Ic ':ﬁjﬂ +I{.ZBG

Tpmax ( Vigmax)

J Tg2

1 -rH'J

F it ( V gmin)

-
Vll.’ =y -

Hinh 5.11. So sanh gitta JFET va BJT
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5.5 BAITAP
5.5.1 Nguyén 1y hoat ddng, dic tinh khuéch dai ctia JFET kénh N?
5.5.2 Nguyén 1y hoat dong, dic tinh khuéch dai ctia JFET kénh P?

5.5.3 Nguyén 1y hoat dong, dic tinh khuéch dai cia MOSFET cam (mg
loai N?

5.5.4 Nguyén Iy hoat déng, dic tinh khuéch dai cia MOSFET cam (mg
loai P?

5.5.5 Nguyén 1¥ hoat dong, dac tinh khuéch dai cia MOSFET kénh c6
san loai N?

5.5.6 Nguyén 1y hoat dong, dac tinh khuéch dai cia MOSFET kénh c6
san loai P?
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Chwong 6
PHAN CUPC CHO TRANSISTOR TRUONG FET

6.1. GIOI THIEU

Phan cuc cho FET 14 cung cép ning luong DC cho FET dé xac dinh
trang théi ctia FET trén diic tuyén ngd ta va xdc dinh diém lam vigc tinh Q(1-
pos Vpsg). D1 véi FET chiing ta c6 hai céch dé xéc dinh gid tri diém tinh Q,
mot 13 dung phuong phap todn hoc, hai 12 ding phuong phép d6 thi. Phuong
phap d6 thi tinh toan don gian 13 phrong phép tinh gin ding.
Moi quan hé tong quat c6 thé dugce dp dung dé phan tich DC, tinh toin
phén cue cho tht ca céc mach khuéch dai ding FET la:
I.,=0 (6.1)
Va
I,=1, (6.2)

Doi véi JFET va MOSFET kénh ¢6 sin, phuong trinh Shockley c6 thé

&p dung @& dién ta mbi quan hé giira cdc dai legng vio ra, gira dong Ip va
V s, ddy chinh 1a dudmg dic tuyén truyén dat.

2
s fm._,,.[h%} (6.3)

P

Con dbi véi E-MOSFET kénh cam (g, phuong trinh sau dugc ap
dyng, diy chinh 1 dudmg dic tuyén truyén dat.

I, =k(Vs —Vy) (6.4)

Xéc dinh tinh diém Q cuia mach bang phuong phép tinh:

Buge 1: Ap dung dinh ludt Kirchhoff cho vong di qua hai cuc GS dé
tim Vgg. Gia tr1 Vgg nay o thé 14 mét £14 tr] e dinh hodc phu thude vao Ip.

Bude 2: Tir hai phuong trinh (6.3), (6.4), thé Vs vira tim duge va giai
ta s tim duoc 1.

Buée 3: Ap dung dinh luét Kirchhoff cho vong qua hai cuc DS ta &
tinh dwge Vpgg va viét phuong trinh DCLL.
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6.2. PHAN CUC CHO JFET
6.2.1. Mach phén cue cb dinh (Fixed bias)

Mach phén cuc cb dinh sir dung JFET kénh N nhu hinh 6.1. Trong d6
tu C; v tu C; 1a cde tu lién lac dbi véi tin hiéu vao va tin hi¢u ra. Giéng nhu
mach phﬂ:l:l cuc ding BJT :..zk tu nay cd chirc nang ngin dong DC tir nguﬁn
mét chidu Vpp chay w: ngudn tin hiéu V; (tu C;), ngin dong DC tir ngudn
mot chiéu Vpp chay vé téi (tu C2), khi phén tich DC thi cc céc tu dién nay
xem nhur hd mach.

"'I;'nﬁn Voo Vos Sl G =
Hinh 6.1. Mach phdn cuc cd dinh. Hinh 6.2. Duong tai DC.
Ap dung dinh luit Kirchhoff cho vong (1) di qua hai cuc GS ta duge:
Voo I aRy Ve =0
Do dic diém cia JFET: I, =0
Nén: Ves ==Vee (6.5)

Do Vg 13 dién 4p cung cip ¢b dinh nén dién 4p Vs cling c6 gid tri cd
dinh do d6 mach duge goi 14 mach phan cuc ¢6 dinh. Tir gia tr1 Vs tim
duoc & trén (6.1), thé vao phuong trinh Shockley ta s& tim duge dong Ip:

2 y)
¥.. -V _
In = Ims[ 1;3 J . ID.‘.’.’:‘.’[I £ Vﬁﬂ J (6.6)
P P

Tiép theo ap dung dinh luat Kirchhoff cho vong (2) di qua hai cuc DS
ta tinh duoc Vs va viét dugce phueong trinh DCLL:

Vip =IaRy Vi =2V, =V, — IR, (6.7a)

Viy 1a diém Q duoce xic dinh Q(Icg, Vpsg)- Ngodi ra, tir (6.7a) ta c6:
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ID 2 _LVDS + VDD
R, R,

Phurong trinh (6.7b) chinh 1a phuong trinh dudmg tai DC (DCLL) ciia mach.
Céch khéc, ta c6 thé im diém 1am viée tinh Q bang db thi

(6.7b)

In{mA) 4 In{mA) g
BPurbmp déc tinh cla linh
kién
Veg=OV
Duwimg thing :
Vo=1V
Vior= Voo -
(vi tri mfm\ s
phén cure cu thé) Yoimey
Vﬂ&=-"r{m
‘ -
-7 Vr -6 10 Vps(V})

Hinh 6.3.Tim diém lam viéc tinh O bang phwong phdp do th
Bude 1: Vict phurrong trinh phén cuc dua vao vong (1):

VG‘-{; = 1R + Vg
Ta co: Voo =V

Pay 14 phuong trinh ¢6 dang x = const. Trén dic tuyén truyén dat, ta
v& dudmg thang nay. Giao diém cia phuong trinh phén cuc véi dic tuyén
truyén dat cho ta gid trj Ipo.

Buwdre 2: Tu phuong trinh DCLL (6.7b). V& duong tai DCLL nay trén
db thi diac tuyén ngd ra wi giao diém cia DCLL véi dic tuyén ngd ra clia
JFET cho ta gia tr1 Vpgg can tim nhu hinh 6.3.

Qua phén tich mach phén cyc trén ta thiy vi Ig = 0 nén 18 rang dién
trér R khong ¢ tac dung doi vai tin higu DC. Tuy nhién né ¢6 tac dung rat
quan trong déi v&i mach khuéch dai ma chuong sau ta s& khao sit nén
khong thé bo ra khoi mach.
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6.2.2. Mach ty phéin cuc

Mach tyr phin cuc s& loai bd bét mdt ngudn cung cap DC Vag nén
duge go1 1la mach ty phéan cyc hinh 6.4,

psa Voo FVos

Hinh 6.4. Mach tw phan cwe Hinh 6.5 Duong tai DC

Ap dung dinh luit Kirchhoff cho vong di qua hai cye GS (vong 1) nhur
hinh 6.4 ta duogc:

IR + Vs + I Ry = 0

Do dic diém ctia JFET: I.=0
Va Foe= L,
Nén: Vs =1, R (6.8)

Chi ¥ trong trudong hop nay dién dp Vg 12 ham bién thién theo dong
dién Ip nén gi4 tri s& khong c6 dinh nhu v&i mach phén cye ¢b dinh.

Thay gia trn dién ap Vgg tir phuong trinh (6.8) vao phuong trinh
Shockley dugce:

2 2 2
v = ) IR
Fomfoolic 0| o e R f ] farns 6.9
o LAV ( 1’:? ) J nss [ Vp J Des ( Vp ] ( )

Khai trién hiing ding thirc tir phuong trinh (6.9) ta s& duge phuong
trinh béc hai theo bién Ip ¢6 dang nhur sau:

I +kI,+k,=0

Gial phuong trinh trén duwge hai nghiém Ip va chon nghiém dya vao
dac tinh cta JFET kénh n: V, £V, 0.
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Tiép theo p dung dinh ludt Kirchhoff cho vong (2) di qua hai cuc DS
ta tinh dugc Vpg va viét duge phuong trinh DCLL:

Vuu o IuRu £n Vu.i-' T IDR.‘:' => VL}S = VDL} _Iu (Ru +R.f; ) (6.10a)

Viy 1a diém Q duge x4c dinh Q(lcg, Vpsg). Ngodi ra tir phuong trinh
trén ta co:
1 Vo

F e I | O T 6.10b
> R,+R, ™ R,+R, ( )

Pdiy chinh 1a phuong trinh dudng tai DC (DCLL) ciua mach.

Phuong phap vira trinh bay & trén 14 phuong phap toan hoc, sau diy sé
trinh bay phuong phap db thi dé xac dinh dong dién Ip.

Buée 1: Dya vao mach vong (1), phuong trinh 6.4 ta ¢6 phuong trinh
dudmg phin cyec:

1
Iu =_R_SVG_9

Piy la phuong trinh ¢6 dang y = ax. Trén dic tuyén truyén dat, ta vé
duong thing ndy. Giao diém cla phuong trinh phan cuc véi dic tuyén
tmyén dat cho ta gia tri Ipg.

Bude 2: Tir phuwong trinh DCLL (6.10b). V& dudmg tdi DCLL nay trén
db thi diic tuyén ngd ra va giao diém cia DCLL véi dic tuyén ngd ra cla
JFET cho ta gia tri Vpgg can tim nhur hinh 6.6

In(mA) §

Vesg

_______ 2 Ne
e

o

AVes 4 2 yuw 0 2 4 6 £8 510 Ve

Hinh 6.6. Tim diém lam viéc tinh O ciia mach t phdn cwe bang phwong
phdp dé th.
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Vi du:
Tim diém 1am viéc tinh Q(Ip, Vps). Biét Ipgs= 4mA, Vp = -6V. Hiy
giai bing phuong phép dai s6 va phuong phép dd thi

Phuong phip dai so:

Lies)
+9V
Ry
2.2 kil
B Rs
10 ML) 680 1

Ap dung dinh luat Kirchhoff cho vong di qua méi ndi GS véi Ig=0 va
In =I5 ta duogc:

V.. =—I R, =-0.68I,
Thé Vs vao phuong trinh Shockley

2 3 5
Yas —I,R; IR,
IH:I.LJ.':'S[ _‘:::SJ Ffu_g-g[]— ; '5] :Im‘s[l"' ;5}
P {L P
681, Y
@Iu={1+uﬁgﬁu]

Khai trién ta dugce phuong trinh bic 2 theo Ip:
0.051315" — 1.911; + 4=0
(Giai phuong trinh, dugc hai nghiém Ip:
Ip1=35.22mA —> loai.
[pa= 2.22mA — nhin,
Viy Ip=2.22mA va Vgg=-0.68x2.22 = -1.51V

Ap dung dinh luat Kirchhoff cho vong di qua hai cuc DS véi Ip =15
ta duoc:

Vns = VD[} 2 ].D(RD+R5} =09 2.22(2.2 + ﬂ'ﬁﬂ) =2.61V.
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Giai biing phuong phép dd thi:

225

I
|
I
= |
Vas(V) -6 272 15 0
Trén dic tuyén truyén dat cta linh kién, v& dudmg phéan cuc

v V
J =—08 — . "GF fmA
- R 0.68 {)

5

Pudng thing nay cit dic tuyén cia linh kién tai diém Q c6 toa dd
khoang

ID= 2251‘11A, "h"r{]5= -1.5V.

jip dung dinh ludt Kirchhoff cho vong di qua hai cue DS véi Ip= 15 ta
duoc:

VDS = v]j[} = _[D(RD+R3) = 9 = 225(22 + [}63) =232V

6.2.3. Mach phén cue cho FET sir dung cAu phén 4p

Mach phan cue bing qﬁu phan 4p ctia FET thi ciing giéng nhu mach
d3 4p dung d6i v6i BIT ¢6 cAu hinh mach nhu hinh 6.7.

Voo
-3 | _____ |
:*:Rn: |
o |
.-—|—|| H :
I iy
: Ay J— | e
w A1 R - S : L
Yy | | | ‘z}l Voo
Ron l“} I I |
e S o
) X8 TS
yr.-‘i.r' | | | |
- e . L—.— —_— - - %

Hinh 6.7 Mach phin cyc dimg cau ~ Hinh 6.8 Mach twong dwong dé tinh
phién dp phén cuc
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Ap dung dinh 1y Thevenin:
Ris =R IR,
Vogma2 6.11)
g = .

Ap dung Kirchhoff cho mach vong (1), mach vong GS
Vis = Voo —IiRs = Vi =1 R (16=0, Ip= k) (6.12)
Thay gia tr1 dién dp Vs tir (6.12)vio phuong trinh Shockley duoc:

2 2;
Ves R,V —I,R;
Ip =1ph|1- = =T pes| 1= =  — (6.13)
(R, + Ry)Vp Vp

Tuong ty nhw mach tu phin cue, khai trién (6.13) ta s& dugce phuong
trinh bic hai theo bién I ¢6 dang nhu sau:

IL+kI,+k,=0

Giai phuong trinh trén dugce hai nghiém I va chon nghiém dya vao
dac tinh ctia JFET kénhn: V, V0 <0

Tiép theo ap dung dinh ludt Kirchhoff cho vong (2) di qua hai eye DS
ta tinh dugce Vpg va viét duge phueong trinh DCLL:

Vop =IpRp +Vpe + IRy => VUS — V.{}D _IU(‘RD “F: RS) (6.14a)

Viy 1a diém Q duoc xac dinh Q(lcg, Vpsg). Ngoai ra tir phuong trinh
trén ta co:

1 v
oo & g g WD
B TR AR, N Ryt LE L)

Pay chinh 14 phuong trinh dudmg tai DC (DCLL) cia mach.
Hoic gidi bang d6 thi nhu hinh 6.9
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Tgima) lgqma) g

Vasg

-I 14 .I w T I{
Ve tymgd wan® 4 & & fa £ 10 Vodv)

Hinh 6.9 Tim diém lam viéc tinh O ciia mach phén cuce ding cau phén dp
bang phuwong phdp do thi.
Bude 1: Dua vao mach vong (1), phueong trinh 6.9 ta ¢é phuong trinh
dudmg phéin cuce:
1 1
l,=——V,.+—V,
i .R-E, (8 R:.’, iy
Diy 1a phuong trinh ¢6 dang y = ax + b. Trén dic tuyén truyén dat, ta
v& duomg thing nay. Giao diém cia phuong trinh phin cye véi didc tuyen
truyén dat cho ta gid tri Ipg.
Bude 2: Tir phuong trinh DCLL (6.14b). V& duomg tai DCLL nay trén
dbd thi dic tuyén ngd ra va giao diém cia DCLL véi dic tuyén ngd ra cua
JFET cho ta gi4 tri Vpgq cin tim nhw hinh 6.9.

6.3. PHAN CUC CHO MOSFET KiENH
6.3.1. Phén cuc cho D - MOSFET
Cac dang mach phiin cyc cho JFET nhu mach phén cuc ch dinh, mach
tw phan cuc, mach phan cuc ding cau phén dp déu c6 the ding dé phén cyc
cho MOSFET kénh ¢6 sin va cich tim diém 1am vige tinh Q ciing twong tu.
Su khac nhau co ban 14 MOSFET kénh ¢6 san cho phép cac diém hoat dong
v ID lom hon glfl tt"l ]-DSS'

6.3.2. Phin cyuce cho E - MOSFET

Cac dac tinh cua MOSFET kénh cam (rng hoan toan khac vé JFET va
MOSFET kénh ¢6 sin & diém 12 dong dién cyc méng cia MOSFET kénh
chua c6 sin bang 0 khi dién 4p Vas nho hon dién 4p ngudng Vo, nhu duge
trinh bay ¢ chuong 5.

Khi dig¢n ap Vgs 1on hon Vo, dong dién cyc mang xac dinh theo
phuong trinh:
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1,=k(V,-V,) (6.152)

Theo phuong trinh trén, dé tinh duge dong Ip, ta phai biét dugc hing
$6 k va Vgs. Trong do, dién ap Vgs tinh duge tir mach phén cuce cu thé, con
hing s6 k 14 dic tinh cia linh kién. Théng thudomg bang théng s6 cia
MOSFET khéng cho cu thé gi tri k ma thudng cung cép gid tri dién &p
ngudng cua dong dign Ip,, va gia tri dién ap Vgg(on) trong tng. Tir hai gia
tri ndy dwa vao phuong trinh, ta tinh hé s k nhu sau:

1
B D{ON)
(Vr;.s'(rj.ﬂ.'} - Vr)
Khi théng so k di xédc dinh thi gia tri cia dong Ip, Vpsg, dudmg tai
DCLL thi d&u c6 thé x4c dinh duoc.
a. Mach phén cwe hoi tidp:

So d6 mach phin cuc héi tiép nhu hinh 6.10. Dién 4p trén cuc G la hdi
tiép dién 4p tir cwc D nén mach duge goi 1a mach phén cuc hoi tiép.

(6.15b)

-

—
-k
— e s e

Via Voo Vir

Hinh 6.10 Mach phén cuc hoi tiép Hinh 6.11 Duong tai DC
Do dic diém ciia EEMOSFET 7, =0
Nén ta c6 Voo =V (6.16)
Ap dung Kirchhoff cho vong (2), vong DS ta co:

Voo =IpRp, + Vs (6.17)
Tir (6.16) va (6.17) dugc

Vis =Von —1pR, (6.18)
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Thé Vs vao phuong trinh I, = k(V. V.. )

Khai trién hing ding thirc ta s& dugc phuong trinh bic hai theo bién Ip
cO dang nhur sau:

I}+al,+a,=0

Giai phuong trinh trén duge hai nghiém I va chon nghiém dya vao
déc tinh cta E-MOSFET loain: V,, <V, v&i Vi, la dién dp ngudng.

Thé Ip vira tim dugce vao phuong trinh (6.17) ta s& tinh duge Vps.

Tl phuong trinh (6.18) ta rat duge phuong trinh dudmg tan DC:

VDS V T VDD

Iy=- GS

Ry, Ry,

(6.19)

» Gidi biing phwong phép db thi:

Buéc 1: Dua vao phuong trinh (6.18) ta c6 phuong trinh dudmg thing
phin cuec:

1 1
In = HE— Vas +— Vop

I} Iy
Diy la phuong trinh ¢6 dang y = ax + b. Trén dac tuyén truyén dat ta
v& duwdmg thing nay. Giao diém cia phuong trinh phin cuc véi dic tuyén
truyén dat cho ta gid tri Ipg-
Budc 2: Tir phuong trinh DCLL (6.19). VE dudmg ta1 DCLL nay trén

db thi dac tuyén ngd ra va gmo diém cta DCLL véi dic tuyén ngd ra cua E-
MOSFET cho ta gia tri Vpsg can tim nhu hinh 6.12

Hinh 6.12: Tim diém lam viéc tinh O bang do thi
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b. Mach phiin cwe bang cdu phin dp:
So @6 mach nhu hinh 6.13.

Ap dung dinh 1y Thevenin ta tinh duoc dién dp Ve va Rag theo cong
thirc sau:

Ve = R—EVW 5
R +R,
R
. (6.16)
R +R,
Ap dung dinh luat Kirchhoff cho vong (1), vong GS suy ra:
Voo =16R; + Vs + 1R (6.17)
o5 Ry
¥ EERF.I: :
H T
.—:—'H :
Vi L O B |
io A —= | I (2}: —_—V
oo | ' =
=t L. |
Vaa | : [ Al ; |
(a) {b) i ) .

Hinh 6.13: a. Mach phéin cuc ding cau phén dp cho E-MOSFET logi N.
b. Mach twong dwong tinh phdan cuc
Do dic diém ciia E-MOSFET:
I,=1; v IG =0
Nén ta ¢ phuong trinh
Vs = Voo — 1R =V — 1R
Thé VES VAO phL['UIlg trinh
2
Iy =k (Vg =V, )

Tuwong tu mach phén cuc hdi tiép, khai trién hing ding thirc ta s& duoc
phirong trinh bac hai theo bién I, ¢6 dang nhu sau:

178



GIAO TRINH BIEN TIF CO’ BAN CHUONG 6

L+al,+a,=0

(Giai phuong trinh trén dwgce hai nghiém Iy va chon nghiém dya vao
dac tinh ctia E-MOSFET loain: V. < V.

Tiép theo, ap dung dinh lut Kirchhoff cho vong (2) di qua hai cuc DS
ta tinh duge Vps va viét duoe pheong trinh DCLL:

Vop =4 Ry + Vo + 1R, ==
Vos =Vpp —Ip(Rp +Rg) (6.18a)

Viy 1a diém Q duwoce xac dinh Q(Icg, Vpsg). Ngoai ra tir phurong trinh
trén ta co:
1 V,
Iy=———Vp +—22— 6.18b
® R,+R, ° R,+R, (6-150)
Giai bang phuong phap d6 thi. Trén db thi ddc tuyén truyén dat cta E-
MOSFET kénh N nhur hinh 6.14 ta v& dudng phin cuc:
1 1
fo=—V . +—V.
D RS 5 RS s
Dudmg thing nay cét hai truc toa d va cit djic tuyén tai mot diém.
Piy chinh 14 diém 1dm viéc tinh Q. Toa d6 ciia diém 1am viéc tinh ndy chinh
1a g'l& 11'1 inq va Vngq Cijfi]l tim.
Tir phuong trinh DCLL (6.18b). V& dudng tai DCLL nay trén d6 thi
dic tuyén ngd ra va giao diém cia DCLL véi ddc tuyén ngd ra cua JFET
cho ta gid tri Vpsg cdn tim nhu hinh 6.14.

L
JI.I”

Vi “'W

Hinh 6.14: Tim diém lam viéc tinh O ctia mach phan cuc dung cau phén ap
ciia E-MOSFET kénh n bang do thi
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Vi du: Tim diém lim vigc tinh cia mach phin cye sau ding phuong
phap dai s6 va phuong phap do thi

i4{}v
22MQ 2 $ 3k o
| £ a '
I Ay
2N4351
‘J.. | :?_ ] '-fu.': by
I (om = 3mA
Viso -0 S D on)
13Mﬂ§ o tai Vs o = 10V
20.82kQ

» Giii biing phwong phép dai sb:
Tt gié tri Ipeny VA Vasion ta tinh duge hing s k ciia E-MOSFET:
I
fee D0 : - =0.12mA/V*
m?ﬂinr:] i VT} (1 D - 5)
Dién ap tai cuc G (15=0)
RV, 18

“ R +R, 18+22

Ap dung dinh luit Kirchhoff cho vong GS, tinh dugc Vas:

RV
Vos =Ve — IRy = R2+2§
I 2

40 =18V

~I,R, =18-0.82],

Thé Vs vao phuong trinh I, =k(V., -V, )

R\Vop

duge I, = k[
R +R,

2
~L.R. —VTJ =0.12(18 -0.821,, —-5)
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0.0811; —3.561,, +20.28 =0

Giai phuong trinh trén thu duge hai nghiém Ip:
—» loai

1, =3722mA—V_ =18-0.823x7.22 = -12.52V <V,
I,,=6.73mA—V, =18-0.82x6.73=12.48V >V,  —>nhin

Vay Ip= 6.73mA
Tiép theo ap dung dinh luit Kirchhoff cho vong DS ra tinh duoc
Vo=V, —I (R, +R,)=40-6.73x(3+0.82) =14.3V
» Giai biing phwrong phép dd thi:
Trén d6 thi ddc tuyén truyén dat cia E-MOSFET ta vé dudng thing
Vos =V —I,R, =18—-0.821,,.

Pudng thing nay s& ¢it dic tuyén ctia E-MOSFET tai mét diém c6 toa
d6 14 gid tri Ip vA Vs can tim.

A T ima) }

] pl)

Vos

WV Vasp=12.5V Vo= 18V
Vay theo phuong phap db thi ta duoe Ip= 6.7mA va V= 12.5V.

Trén diic tuyén ngd ra v& dudng tai DC:

g i Voo

B "R, +R,

= -0.262V. . +10.47 mA
® R +R, o ma)

Ta duge gia tri Vpsg= 14V.
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6.4. BAITAP
+12V H1G¥
L
I l":z LIe)
[u-j 1.2k6) 5 =
DX ; Ipss = 10mA
DX Ipss = 12mA G ghion
Vl v -_———
- Y V= 4V '—ﬁ{ DS Vp=—4,5V

o {1M0 g¥

i
} 1ML
1.5V

l L.
| I |

Hinh bai tip 1 Hinh béi tép 2

6.4.1. Xéc dinh dong cye mang Ip, dién 4p cuc méng — ngudn Vpg va
viét phuong trinh dwdng tai DC cho mach dién phén cyc ¢6 dinh
& hinh bai tap 1.

6.4.2. Xdc dinh dong cuc méng va dién 4p cyc méng — ngudn ciia mach

dién & hinh bai tap 2:
+ 16V + 16V
I
1::151,21;;1 Iy “iRD
! oV, \:'}—'l\'ru
DX Ipss = 10mA DX Ings = 10mA
i | & "{ Vs Vp==4 5V Vi | ¢ _h-l— Vs Vp=-45V
SMe s / élMﬂ g¥
i 1,5V E 3V
" Hinh bii thp 3 Hinh bai tap 4
6.4.3. Xac dinh dong cyc mang va dién 4p cyec mang — ngudn cia mach
dién & hinh bai tap 3.
6.4.4. Str dung gia tri nao cua RD dé c6 dién dp cuc mang 13 +8V trong
mach dién & hinh bai tép 4:
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+ 16V + 16V
lulgz,zm Inl gz.zm
—sV, —V,

. ' Ipss = BmA . Ipss = 8 mA
1'|"|l|._.l7':"'l:\ . '1"rP=_41“r - --_| vm Vp:—q-v

g Mo |g¥ MO [g¥

%3? ij—ﬁvﬂ:}
Hinh bi tip 5 Hinh bdi tip 6

6.4.5. Tim VDS trong mach dién & hinh bai tap 5.
6.4.6. Gia tri ndo cia ngudn cyc cong can dé c¢6 dong ID = SmA trong

mach dién & hinh bai tdp 6:
+ 20V +20V
gl,jkﬂ éa,jm
—av, eV,
Vi-—'—{ Tnss = 8 mA vi'_h—_{ Ipss = 8 mA
Vp=—6Y ¥es—6Y
éu«m éﬁm élMﬂ gl,zm

Hinh b tﬁp_ 7 Hinh bai tip &
6.4.7. Xac dinh diém ldm viéc tinh Q, viét va vé phuong trinh dudng tai
DC cho mach dign & hinh bai tdp 7.
6.4.8. Xdic dinh dién 4p VS cho mach dién & hinh béi tép 8:
6.4.9. Dién ap VDS bang bao nhiéu trong mach dién & hinh bai tap 9.

6.4.10. Gia tr1 cua RS bﬁng bao nhiéu trong mach dién & hinh bai tap 10
sau dé doi diém phén cuc téi VGS =—2V.
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+20V + 20V
éﬁ,lkﬂ éljkﬂ
— —=¥,
Vi.__'—{ Ingg =8 mA % { [pss = 8 mA
Ve =—6V Vp=-6V
smm 575[’“ 1M éﬁs

3

Hinh bai tip 9 Hinh bai tin 10

+ 20V - 18V
Rp
3,.3k2

e e 8 fosi = 121A

Ve=+35V
émj Eas
1,.5MGO 1.2k62

Hinh bai tap 11 Hinh bai tap 12
6.4.11. Xac dinh dong dién cuc mang trong mach dién & hinh bai tép 11.
6.4.12. Xac dinh dién 4p VS trong mach dién & hinh béi tip 12

- 18V + 30V
: *
F
an ¢ 2.4k02
3,3k02 ;
$—|E_ﬂ|‘r,
Y, |
Vie—y——al” Ipeg= 12 mA V- }f ‘= Ipss = 16 mA
Ve=+ 35V V,==3V
Ra R
LMp Q120 éf MO a0
Hinh bai tip 13 Hinh bai tap 14

6.4.13. Tim gia tri cia VDS trong mach dién & hinh bai tap 13.
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6.4.14. Tim diém lam viéc tinh Q, viét va v& phuong trinh dudmg tai DC
trong mach dién ¢ hinh bai tap 14:

+ 30V + 30v
* -

g!&kﬂ §2.4kﬂ

T_H._.vn
v, .__|4Z_I_JE Ipse = 16 mA v, ‘_—|E_1—'JE I.:jgi El'::::A
p=-

VF:-E\"

.

1 M0

£ b
510 L1 MQ 120

of | f——rrn—
| e

Hinh bai tap 1s Hinh bai tap 16
6.4.15. Tim gia tri cua 1D va VDS trong mach dién & hinh bai tédp 15.
6.4.16. Tim gia tri dién ap VD trong mach dién & hinh bai tép 16.

+30V +1;.~[v
5 2.4k0 S 18k02
|.._....._.__| E. ._...‘-"'u"‘:| *7| F_"vu
Vie—|f 1= Ipss = 16 mA Vel Ipss = 6 mA
| Vp==3V | Vp==6Y
SIMR g $2M0 § 56001
Hinh bai tap 17 Hinh bai tap 18
6.4.17. Tim gid tri cia RS dé phén cyc cho mach dién & hinh bai tip 17
tai — 1V,

6.4.18. Xic dinh ID va VDS trong mach dién & hinh bai tip 18.
6.4.19. Tim két qua cia Ip v Vpg trong mach dién & hinh bai tap 19.
6.4.20. Tim két qua cta Ip vi Vps trong mach dién & hinh bai tap 20.
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CHUONG &
+ gy + 9V
. L
& #
%I,Hkﬂ Ql,ﬂm
— . .
L9 |
"\I"I. H‘ _t [D55=3m'd" Vll. |( -t [n53=ﬁII]A
1 V,=— 6V 1 V,=—4V
- . & L
%E,ZMQ gsﬁm %1.214::‘: g 5600
Hinh bai tip 19 Hinh bai tép 20
+ Oy ++ 20V
q
| /
ng 5910k ¢ 2.2K0
=
Virlfg Ings = 8 mA — V,=-35V
i V,=—4V
éz,zmn S s6000 gil{}kﬂ ;é 11kQ
N s ¥
Hinh bai tip 22

Hinh bai tdp 21
6.4.21.

6.4.22.
o+ 20V

g'.;mm gz,zm

.

lngg = 10 mA
Vp==35V

o

L .
%liﬂkﬂ gum

Hinh bai tap 23

186

Tim két qua cta ID va VDS trong mach dién & hinh bai tap 21.
Xéac dinh VGS va ID cho mach dién & hinh bai tip 22.

o+ 20V

|
S
§9mm $ 2,240

| =
—rL ey
S;l 10k %Rg

- 40

I-;nh bai té__p 24
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CHUONG 6

6.4.23. Xic dinh VDS cho mach dién & hinh bai tip 23.

6.4.24. Tim gid tri cia RS cin dé dit diém phan 4p ctia mach dién &
hinh bai tdp 24. to1 VGS = - 2V?

—e+ 20V

¢ ¢
29102 2 Rp

lmg =10 mA
+—-o V,=-35V
|

¢ 3
> 110k0) s 1LIKG
h %,

L

Hinh bai tap 25

——— = 20V
I

3 -
{910k > 2,2kQ
\f

A

i V,=-3,5V

|

o -
2I1l]kﬂ 1,1k
¥ M

L &

Hinh béi tap 26

6.4.25.

6.4.26.

Tim gia tr1 cia RD cén dé dat dién ap cuc mang cua mach dién &
hinh bai tap 25. tdi 12 V?

Dong dién cyc mang trong mach dién & hinh bai tap 26. ting
hay gidm néu gié tri ciia RS thay ddi bing 750027

e+ 20V

<910k S 2.2k0
4 H

—[  v,=-3sv

SHOKQ S 1,1k0
¥ b

S

Hinh bai tap 27

4‘!—"? Ijv
P . l
21 MO S $1,2kQ
% 4

V|-—~|€_-4§ lnssi 12 mA

|
mmng 1k

Hinh bai tap 28

6.4.27. Dién &p cuc ngudn trong mach dién & hinh bai tap 27 ting hay
giam néu JFET trong mach dwoc thay bing mét con khic cé
[DSS = 16mA, VP = - 3,57

6.4.28. Xdc dinh dién ap cuc céng-nguﬁn trong mach dién & hinh bai
tap 28.
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I—-—u- 15% ﬂ—'ﬂ 15V

21 MQ S gmm 21M0 % gl,zm
.\(' 3 1

_Ili——‘vn HE_'IV'“
Vie—u _I% gl JE lres = 12 mA Ve H_ JE Ipge = 10 mA
V,=—4V i V,=—5V
10 MO S g“ﬁﬂ mr»m% élm
Hinh bai tip 29 Hinh béi tap 30

6.4.29. Xic dinh gid tri phin cuc ciua ID va VDS trong mach dién &
hinh bai tip 29.

6.4.30. Xic dinh gia tr1 cha ID va VDS trong mach dién & hinh bai tap 30.

s+ [ 5V

r 15V
\.‘. -
|_||:-—I"|,l'l_' E!»..{E.._,_,-vn
s = Ipss =12
e et B e s B
S1kQ 10 MQ S “1k0
My i l
Hinh bai tip 31 Hinh bai tap 32

6.4.31. Tim gia tr1 cua ID va VDS trong mach dién cia hinh bai tdp 31.
6.4.32. Tim gia tr1 cua ID va VDS trong mach dién cia hinh bai tap 32.

e+ 15V s+ 12V
1|Mﬂ:§ gir;;m EIMﬂg El,zkﬂ
v, e—v,
1|“..i._L_“[_‘_._L__H'-::' Ipge =12 ma Vil—-—|E—‘—~—-|.5 Ipgg =12 mA
V,==4V V= =4V
10 Mné 21k mmné 210
Hinh bai tip 33 Hinh bai tap 34
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6.4.33. Gid tri cta ID ting hay giam néu MOSFET trong mach dién &
hinh bai tdp 33 dugc thay thé bai mot con khac co VP =-2,5V?

6.4.34. Tim gia tri cia VD trong mach dién & hinh bai tap 34.

+ 25V + 25V
1 '
l 1
g ¢
{:2,4#:!"1 £ [,BkLD
; e
[ TR [ [f—s
mmng v;:;j}m; AMV? mmﬂf t:;‘; ASVE
={L3m : i} ={3m 3
/ - - =
""‘:"—l'.;—l—l*l v,._“__J_I
Hinh bai tép 35 Hinh béi tip 36

6.4.35. Xac dinh gia tri cua VD trong mach dién ¢ hinh bai tap 35.
6.4.36. Xac dinh Kkét qua gia tr1 chia VD trong mach dién & hinh bai tap 36.

+ 10V + 25V
! ]
g"}lml éz,qm
| j—v. | =
mmng Yy ]“Mﬂf v:lj:;mmf
Ve |£ J: xip H !:l

Hinh bai tap 37 Hinh bai tap 38

6.4.37. Xic dinh gia tri cha K trong mach dién & hinh bai tip 37.
6.4.38. Tim két quéa gid tri ctia VD trong mach dién & hinh bai tip 38.
6.4.39. Tim VD trong mach dién & hinh bai tap 39.

6.4.40. Dong dién cuc mang trong maach dién ¢ hinh bai tip 40 ting hay
giam néu MOSFET trong mach dugc thay thé bing mdt con khic
cO VT =7,5V?
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+ 15V + 25V
'lr !
; b
52 4kQ >2.4k0
3 T
|G —'V‘-, _’Vn
— ¢ 4k
lﬂm% l'hr-r =5‘|-r . IDMH'} "4"-,-:5\" .
L K=03mA/V b | K=03mA/V
SR PO T
Hinh bai tap 19 Hinh bai tip 40
+ 10V - 20V
52,2k0 {1,1k0
5 g
Ipss = 12 mA Ipss =22 mA
'H Vp==V r‘t Ve=+8YV
il ,L i
25,1kQ 2,4k0
v + 10V
Hinh bai tap 41 Hinh bai tip 42
6.4.41. Xac dinh gia tri phin cuc mot chidu cua ID va VDS trong mach
dién & hinh bai tap 41.
6.4.42. Xic dinh gia tri phin cuc mjt chidu ciia ID va VDS trong mach
dién & hinh bai tép 42.
+ 20
T ’—1—‘ + x?m
$3,30 ER ¢
£ B B
| " 5 b
0.01uF = : Jf—Ve
¥, '—|'f-—'——-J:! Ipss = 6 mA ”
5 i} Vem=3W¥ Yin 1y '-l_l
510042 ; #
M 5 [ SR“” g
1 4 t_| / ‘
I,Ikﬂ% - 20pF = il
Hinh bai tip 43 Hinh bii tdp 44
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6.4.43. Thiét ké mot mach phan cuc cho JFET nhur mach dién & hinh bai
tip 43 dé diém lam viéc ¢6 ID = 3 mA, VDS = 10V, sir dung
ngudn cung cip 13 22V va JFET ¢6 IDSS = 6 mA va VP =— 4V,

6.4.44, Thiét ké mot mach MOSFET kénh c6 sin nhu hinh bai tip 44 dé
lam viéc tai ID = 4 mA va VD = 10V, sir dung nguén 1a 30V va
mét FET ¢6 IDSS = 10mA, VP =— 4V,

- ;BV 1 o 15\-’
| |
Ko 3o
|
[ }E 'Vo 1E|\"
I. E Tpss = 12 mA
R:.f’ V=35V Ve=—-3V
, D K=03mANV!? ‘E"’"
G £
A -_H%_J—‘:ls jlim :'u.mfs
Hinh bdi tin 45 Hinh bai tap 46

6.4.45. Thiét ké mot mach phan cuc MOSFET kénh cam (mg nhu hinh bai
tap 45 dé 1am viéc tai ID = 6mA, VD = 8V, sir dung mdt ngudn
dién 4p 18V va mdét FET ¢ VI = 35V,
K =0,3mA/V2.

Hoan tt thiét ké ciia mach dién & hinh bai tap 46.
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Chwong 7
MACH KHUECH DAI TiN HIEU NHO

7.1. GIOI THIEU

Khuéch dai 1a qua trinh bién d6i mét dai lugng tin hi¢u (dong dién hay
dién dp) tir bién d6 nhod thanh bién d 1én, ma khong lam thay d6i dang cia
tin hidu. Khi khao s4t nguyén 1y 1am viéc cta cac phan tir khuéch dai BJT
hay FET, ta dd c¢6 khai niém v& mach khuéch dai. Mach khuéch dai 12 mach
cO cdc phﬁﬂ tir tich cue, dugc phan cuc (DC) & h‘ang thai khuéch dai (active
area), va néu & ngd vao ctia mach c6 tin xoay chiéu n6 s& dugc khuéceh dai &
ngd ra. Pimg trén quan diém ning lugng, thue chét qua trinh khuéch dai 13
mdt qué trinh bién d6i: tin hiéu vao AC va ngudn nﬁng legng phan cyc DC
théng qua hoat ddng clia céc transistor (12 phén tir khuéch dai) tao thanh tin
hiéu ra c6 ning lugng 1én hon tin hiéu ngd vao nhiéu l4n.

¥ Céc chi tidu ciia mt bd khuéch dai
Gia sit ta ¢ bod khuéch dai nhu hinh (7.1)

A Bl e Gt s L e

Hinh 7.1. So dé khéi ciia mach khuéch dai.

B khuéch dai mubn lam viée phai duge phan cye DC dé phén tich &
chuong 4 va 6. Ta da ¢o gia tri Q(Irg, Verp) xac dinh va dudng tdi DCLL (1a
ning lwong mét chiéu DC)

Mach ¢6 tin hiu ngd vao V; va tin hiéu ngd ra 12 V, 1a nang lugng
xoay chiéu.

Ta c6 d6 loi dién ap (ham truyén dp) A, =

<=

Ta co d6 lgi dong dién A=
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Ta co hé s6 truyén dan: A_ = % [Ghm‘]]
i

Ta c6 hé s6 truyén tro: A, = % [Ohm ]

Tir so dd cta b khuéch dai hinh 7.1, ta ¢6 tdng tro ngd vao

7, =l w0
IIi‘-.l'
Téng tré ngd ra
=22V, =0
Iﬂ
Do loi cong suat
PI"? Vﬁ'}-ﬂ
T e
e VI

Thuong A,, A; 13 cdc ham s6 dudi dang s6 phire, n6i cach khic 1a dién
4p va dong dién giira ngd vao va ngd ra déu c6 bién d6 va gboe pha riéng cia
minh, cho nén cic do lo1 no1 trén la cac ham $6 phirc dudn dang cong thirc sau:

a+ jb
a, + jb,
Giai bang thong ctia 4o 1gi 4tham truyén ap) ¢6 gia tri theo ham s6 sau

Jat +b* ‘

[dB]=20log|A, | =20log
ﬂ]I'. +b?

1

IdBl %

0 -
fi. fu lgf

Hinh 7.2. Bdp ting tan s
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Hinh 7.2 dién t4 d6 rong bing thong cia bd khuéch dai, khi tin sb tin
hiéu thay d6i, d6 1oi thay d6i ta goi 1a ddp (mg tin s6. Tir d4p (mg nay cho
thdy ddi v&i mdi tan sé. khéc nhau cta tin hiéu mach khuéch dai ¢6 6 loi
khdc nhau. ‘v’ung thn s6 thép st dung cho cz-u.. tin hiéu c6 tAn s6 nho hon f;
va vun tan s0 cao 1a céc tin hmu cO tan s6 16m hon fy; ¢6 d6 loi giam so voi
wng tan au trung binh. Ving thn s6 trung binh 14 ving cho cac tin higu cé
tin s6 fnam trong khodng: f; < f < fi1, ¢6 d6 loi 4p cao nhit.

» Méo phi tuyén tin hiéu ngé ra

D6i véi mach khuéch dai 1y tudng, khi tin hidu vao 1 hinh sin tan s6
@ thi tin hiéu ra cling c6 tan s6 12 @. Trong thyc té, khong thé dam bao mot
cach tuyét d6i moi quan hé tuyén tinh nay, nghia 13 tin hiéu qua khuéch dai
khong con goi 1a hinh sin, hién tuegng d6 duge goi 1a méo phi tuyén.

Tin hiéu ngd ra khong hoan toan hinh sin ¢6 thé coi nhu 1a tong s6 cua
vd 86 thanh phin hinh sin ¢6 tin sé o, 2w, 3,... no vi cic bién dé turong
g Vim Voms Vams... Vam (Céc song hai trong chudi Fourier). Mitc do méo
tin hifn thé hiln & ce hai bic hai vA bic 3... bic n. Goi v 1A 44 méo phi
tuyén ta co:

2 2 2
JV +VV+ AV < 100%

Lr

» Mach khuéch dai tin hign nhé 13 mach c6 tin hidu AC vao di nho
sao cho diém 1am viéc ciia céc transistor dich chuyén trong mét doan duge
xem nhur 13 tuyén tinh thude dudng cong phi tuyén cua linh kién, lac d6 ta
¢6 thé coi cdc transistor nhu mdt phan tir tuyén tinh.

M6t mach khuéch dai tin hiéu nhéd duwoc xét trong cac diéu kién sau:
1. Mach khuéch dai 1dm viéc & ving tan s6 trung binh f, £ f < f,,
2. Cac tu va cudn cam dugc tinh gﬁn dang co gia tri tién téi zero:
= ijC ==
C—w; Z, = jwL — 0; Xee™~0; X ~0; X ~0
Trong d6 Cg, Cg, Cg 1a céc tu tai cdc cuc cia BJT

3. Céc gid tri phan cye DC ¢6 bién dd tin higu 1on hon gia tri AC . Ta goi
cac dong xoay chiéu va dién ap xoay chiéu & cue B va cuc C:

vﬂ(t) == Fﬂjnﬁfn (mf+t;]jj
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ig(t) = Ignsin (wt+@;)
vee(t) = Vepnsin (wt+@3)
ic(t) = Iomsin (wi+@y)
Bién dd cuc dai cha tin hiéu xoay chiéu nhd hon gia tr1 dong va dién
&p 1 chiéu twong (mg.

Dicu kién 1a tin higunhé 1., <15 V,, <V,
Xét truomg hop tin hiéu nho ta co:i 1, =1 ,; Vi, SV, Tuong ty
nhur viy ta ¢6 Ig,< Igg; Ven< Vig-

Trong mach khuéch dai tin hiéu nho BIT duogc tinh turong duong la
mot phin tir tlr cyc khong tinh anh hudng cla cic ty ky sinh cd trong cau
tao ctia chuyén tiép.

% Cic ché d ciia bd khuéch dai tin hidu

Mach khuéch dai (ting khuéch dai) c¢6 hai ché d6 1am viée 1a ché do
tinh DC va ché do dong AC.

a. Ché dj tinh DC

Ché do DC 1a ché 46 phﬁn CLrC Lhﬂ bd khuéch dai , do d6 dlem Q (Icg,
Veeg) phai duge phian cye & ving khuéch dai (ving tu:h cuc). Ché @6 DC

duoc biéu dién qua dudmg tai DCLL. Trong mach, cic gia tri ché d6 tinh DC
bao gom: Ing, Ico, Verg, Veonhu trénhinh 7.3a.

__..h___‘“‘\______
[
-
I ——

i g
=d

1|'"
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GIAO TRINH BIEN TIF CO’ BAN CHUONG 7

Ché d6 tinh va vi tri tinh diém Q d6ng vai trd quyét dinh trong mach
khuéch dai tin hiéu.

b. Ché d déng (AC)

Khi ¢6 tin hi€u xoay chidu dua vao mach khuéch dai , tin hiéu AC nay
s& xép chong 1én dién ap va dong mot chiéu dang c6 trong mach . Ta goi
thanh phan xoay chiéu twong dwong nhur sau:

Taicuc B: i, (t)=1, sinwt; v, (t)=V, sinwt
Tai cue C:
icac(t) = lemSinwt; Icym = Blgm + lcpos Vegac(t) = Vegmsin (wt + @)

Gid tri tire thdi ¢d trong mach dién tir tai cac cuc B, cuc E tai thon
diém khuéch dai c6 hai thanh phin mdt chidu va xoay chidu nhu hinh 7.3b.

Tai cic cye ta co cac g tr1 dong dién va dién dp tire thon nhu sau:

Tai cuc B

Tai cuc E

Tai cuc C

o .
St —|—Iﬂg

t’-‘é = Vpgc T Usg

*
1".I‘E

=W

P ol

i*E e P IEQ

e

Lo =lpy +Ir:'g

*
Yer = Vegae +VCEQ

1, <1y (lcm la bién do cuc dai cua dong dién xoay chiéu AC tai
ctre C)
Veewm < Vegp (Veem la bién do cuc dai cia dién ap xoay chiéu AC tai
cwe C)
Hinh 7.4 biéu dién cdc gid tri tirc thoi cua ché d6 AC va DC tai cuc C.
(xem trang bén)

Ché d6 dong AC dugc biéu didn qua dudong tai dong ACLL
(Alternating Current Loadline)

Déu trir hién thi dién ap va dong dién AC (xoay chiéu) léch pha
nhau 180°.

Dién trdr Ry 12 dién tréy xoay chiu xét tai cdc cuc cu thé cia cdc mach
E chung, B chung va C chung.
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Ché 6 tinh DC 13 ché d6 phin cyc ciia diém Q, dudmg tii tinh dugc
biéu dién trén hinh 7.6b. Dy 1 mach mic E chung, tu Cg 1 tu bypass, do
@6 Ry ngan mach.

Xét val tin hiéu ac, ta co:

1

f:‘ R F“ {?l)
R./IR,

Vay R.=R, ” R,

()= ig, )+ 1 (7.2.3)
| @)= ()= I o

(7.2.b)

V e () = Ve, (1) 4 [}FE[J
Ve (1) = "'.::.:' r)— ['LT‘.’_?

Trong do:

e ic (t) 1a dong tire thoi tai cuc C c6 hai thianh phin: thanh phin
phan cue Ieg va thanh phin xoay chiéu ic.(t) nhe hinh 7.4.

e vce (t) 1a dién dp trén cuc thu va phét cé gid tri tic thoi gdm hai
thanh phan DC va Verg; AC 12 Vepe(t) nhu trén hinh 7.5.

Ta thay vao phuong trinh:
L I L4
-1, =——— 1) —V
{0l == V) —Varg)
* 1 * VCEQ
i (f)=-— (Vg (1) +( +1.)
RIR ™ RR

Véay phurong trinh ACLL ¢o6 dang y= -a;x + by
Xét lai DCLL y = -ax+b (da phin tich ¢ chuwong 4 va 6)
1 Ve

Ii=— Vi +
" R.ARTT RAR

1 —R.+R,
18Qpe = ———— 318, = — -
R.+R; R-IIR,  R.R,
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V& hai dudng tai niy, ta thiy Q 1 giao diém cta dic tuyén phi tuyén
cua BJT vén DCLL va ACLL.

Hinh 7.7 biéu dién dang séng ngd ra ciia mach khuéch dai tin hiéu nho
v&i do thi céc gid tri khac nhau. Phuong trinh 7.1 va 7.2 cho phép ACLL
tring v&i DCLL mach khuéch dai tin hi¢u nho ta vé séng ra nhu hinh 7.7.
Piém Q(I¢g, Vero) 12 mach phéin cuc DC (ché dé tinh), phuong trinh dudng
tal tinh DCLL va tin hiéu xoay chiéu 12 tin hiéu khuéch dai tai ngod ra la
song c6 théng tin 14 hai diém A, B hinh séng s6 (1).

Ciing mach khuéch dai nay néu séng vao 1a séng c6 théng tin A B, ta
néi mach khuéch dai tai tinh diém Q cho ra séng ra cuc dai Max Swing

(song ra chua bi méo). Bién d¢ dao dong cuc dai cha tin hi€u ngd ra cla
mach dugce goi 14 maxswing. Dya vao ACLL, ta cé:

Maxswing [IC'(P—P}] = D x nﬁn[ICQ;VCEQ fR,.]

Mm:.nﬂmg[v&(p_m] = A min[fm * RAC;VC@,]

Tai hinh séng $6 (2) ta ¢ song vao cb thong tin 1a A,B,, ving cé
théng tin B, lot vao viing ngit ciia mach phén cuc do dé mét théng tin Ba.

v
e S

Hinh 7.7.
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(1) Séng ra ctia mach KB tin hiéu nho, ¢é thong tin 1a AB
(2) Song ra cuc dai chira méo ¢6 thong tin 1a A B, (M.S)

(3) Soéng ra cyc dai b1 méo, mét théng tin B,. Ta ¢6 dang séng ra
khdc vl séng ngo vao.
Néu diém Q 12 trung diém ciia DCLL ta s& ¢6 mach cho bién d¢ dao
dong song cue dai tai Qus. Co thé khuéch dai tin hidu cé théng tin 16m nhét
nhu hinh 7.8

V. V.
Qus = (fr:EMs = KT;:RTETVEEMS - ‘%E)
s
’ L
i P “,
..-'"
W X 4 ;f A
v IB
’ ,f(l)
/s
A / L)
| A ) 7 3)
PN AR
ALY N 2\peLL
"{.Hmz'n
{} _VCEA'EH vl: Mﬁl VCC N vﬂE
= ] ’FCE*

Hinh 7.8.

Séng (1) Mach khuéch dai tin hiéu nho.

Sdng (2) Mach khuéch dai tin hiéu nhé v&i bién do song cuc dai Qus
14 trung djém DCI_:L tai (Qus). Song (3) Mach bi méo tin hiéu hai dau khi
diém Q nim tai diém gitta cla tai tinh
7.2. MO HINH TUONG PUONG TiN HIEU NHO CUA BJT

Mot trong nhimg véin d& quan tim trong qua trinh phan tich cic mach
transistor 1a bién dd cla tin higu ngd vao va ngd ra. Trude tién can phai xac
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dinh bién d6 tin hiéu vao 16m hay nho dé k¥ thuit nao dugc 4p dung. Khéng
c6 mét ranh gidi nao dé phén biét, nhung trong cdc (mg dung bién d6 c6 thé
thay d6i lién quan dén cc ddc tinh cua linh kién. Chuong nay s& trinh bay
phan phan tich bién 6 tinh hidu vao nho.

Mot md hinh thudng duge sir dung trong phan tich ac tin hiéu nho cuia
mach transistor 1a mé hinh théng s6 lai ( théng s6 hdn hop) - h (hybrid).

Pé khao sat mach khuéch dai tin hiéu nho hinfi.6a ta tién hanh nhusau

Ché ¢4 DC: Q duoc xac dinh theo hai phwong trinh phén cuc va tai

tinh theo khung kin (1) va (2) (hinh 7. 6d] Q dang dugce xac dinh va nim
trong ving khuéch dai DCLL dugc biéu dién nhu hinh 7.6b.

Khi ¢6 tin hiéu xoay chiéu AC vao trong mach, ta ¢ tin hiéu AC xoay
chiéu s& xép chdng 1én tin hiéu DC phén cuc theo khung (2) trong hinh 7.6a.
Tai ngd ra ciia transistor tai cye C , tin higu xoay chiéu dwgc khuéch dai 16n
hon so voi ngd vao

ig(t) = Igmsin (wt)
ic(t) = Iemsin (ot)
Ta co: I. =p1.
Bé ¢6 thé tinh todn céc théng sé ctia mach khuéch dai ta 6 so dd tuong
duong cuia transistor str dung tham s6 h.
7.2.1 Mé hinh twong duwong ciia transistor BJT

Transistor BJT ¢6 thé duoc bié u dién dudi dang mot mang hai  cira
tuyen tinh, c¢6 thé dua vé mo6 hinh twong duong 13 mé hinh 7, T hay mb
hinh h theo céc tham s6 vi phan y, z hay h. O day, ta chi khao st mé hinh h
theo tham s h.

Xét md hinh mang hai cira tuyén tinh nhu hinh 7.9.

— o -‘Fn
+ +
—h. .{—
iz Mang hai cira Zo Vo

Hinh 7.9.Mang hai cira
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Trong d6
* i, v, ladongdién va dién ap ngd vao cia mang hai cira.
e i, v, ladong dién va dién ap ngd ra cia mang hai cira.

Ta c6 phuong trinh theo tham s6 vi phéin h cta mang hai cira tuyén
tinh 1a:

v, =M, +h,v, (7.3)
i, =Myl +hy,v, (7.4)
Tir phuong trinh (7.1) va (7.2), ta co:
hy, =£ = h, 1a dién tré ngd vao khi ngd rabi ngin mach (don
b jag =

vila Q) (7.5)

h, = ::—’ T =h lahg S0 truyén nguoce dién ap khi ngd vao hd mach (7.6)
b =;—ﬁ- ——=F h, 1ahé s6 truyén thuin dong dién khi ngd ra ngin mach (7.7)
h,, = i— — =, ladién dAin ngd ra khi ngd vio hér mach (don vi ') (7.8)

Tir phuong trinh (7.1) va (7.2), ta v& duoc mo hinh h theo tham sb h
nhur hinh 7.10.

7.2.2 Mé hinh twong dwong ciia transistor BJT khi mic chung
cue phiat CE

Trong bd khuéch dai tin hidu nho BJT duge phéan cuc & ché d khuéch
dai Q & ving khuéch dai (Je phin cyc thudn Jc phan cuc nghich). BJT sé
khuéch dai tin hidu xoay chidu & ngd ra tin hidu xoay chiéu & ngd vao co
bién d§ nho.

BJT cé 3 cich mic khac nhau (CE, CB, CC) ta c6 thé xem 1a mét
mang hai cira, vy c6 thé thay BJT & trang thdi dong tin hiéu nhé bing mot
mang hai cira tuyén tinh. Khi d6, c6 thé ding mé hinh twong dwong cua
mang hai cira cho m6 hinh twong duong ciia BJT v6i cdc tham sb vi phén
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dwoc thé hién bing su bién thién nho cia dong hay 4p khi BJT hoat dong
duge goi 1a tham s6 vi phan cua BIT. Tiy theo yéu cau k¥ thudt ma chon
dai luong phu thude va khong phu thude théng qua cic tham s6 dé bidu dién
kha ning hoat dong ciua BIT.

Céc tham s6 vi phén h (hybrid) 1d céc tham s6 xoay chiéu cta BIT
hién thi cho d§ déc (hodic nghich ddo d§ déc) cia cde dic tuyén V-A ciia
BJT, gi4 tri tham s6 thay déi theo diém 1am viéc twong (ng.

Mach dién hinh 7.10 ¢6 thé 4p dyng dbi véi bit ky linh kién dién ti ba
cue tuyén tinh hodic cic hé thong khéng c6 ngudn déce 1ap bén trong.

a. Mo hinh twong dwong ciia BJT mic chung CE

M6 hinh mach twong dwong cia transistor cue E chung nhu hinh 7,10,
trong d6 cdc théng s6 duge thém vao chir e dé phan biét diy 12 m6 hinh
mach tuong dwong cuc E chung. Dong vao I. =1, vadongra I_=1_. Dién
dpvaola V, vidién dprala V..

Mach CE trong hinh 7.10a va md hinh tirong duong ciia BJT mic CE
nhur hinh 7.10b.

Tg Pt b
M = 1 | e Ic
C B g : | %
|
= e W 2.
VCE : |
|
Veg hmlﬂlm. :
E by S T Sl e e e 1
(8]
E
a b.

Hinh 7.10. a. Mach CE; b. mé hinh twong duong cua mach CE
Phuong trinh cia mach CE:

v.ﬁe s h:'ei.h T 'tirev:'.e {?‘g}
i, =h,i, +hv, (7.10)

Trong d6 céc tham 6 vi phén cta CE

h = VI—"?" 0 la dién tré ngd vao cia BJT khi ngd ra Vep =0 don vi 1a Q
I.b Vﬂ -
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h, = Yo : 14 hé sb truyén ngugc dién 4p khi iz = 0, thuong gid tri nay
vce I!nf:a =

bang 0 (c6 thé bo qua)

h, == 14 hé s6 khuéch dai dong, bang B
I.E: vr.'z =

h =-=|  1adién din ngd ra khi iz = 0 don vi 12 1/Q (siemen)
vee Ih -

b. M6 hinh twong dwong ciia BJT mic chung CB

M6 hinh mach twong duong cia transistor cue B chung nhu hinh 7.11,
trong d6 cac théng s6 duge thém vio chir b dé phén biét diy 14 m6 hinh
mach trong duong cuc B chung. Ta c¢6 dong vao i, =i, vaidongra i =i_.
Diéndpvaola v=v, vidifnaprald v =v_.

Mach CB trong hinh 7.11a va mé hinh turong dwong cia BJT mic CE
nhur hinh 7.11b.

o | fins
iit j’
o Iy |
e e’ ) : - fe o I o
E. - +* E C f ol .F EQ
+*
Vi Vi * bl as : :
5 & o k! CHSar 1‘rr_wg Veo Vs
o B
a T c

Hinh 7.11. a. Mach CB; b. M6 hinh twong dwong cua mach CB;
c. Ho dac ngrén ngo ra cua mach CB

Phurong trinh ctia mach CE:
v, =hi +h,v, (7.11)
i, =hyi, +h,v, (7.12)

Trong d6 céc tham sb vi phén ctia CB
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; s 1,
iv,=0 v

¢. Mb hinh twong duong ciia BJT miic chung cuc thu - CC

M hinh mach CC cha BJT it duge st dung, nén ¢ ddy khon xﬁy
dung md hinh cho mach CC ciia BIT. Cho phép sir dung cac thong s6 cua
mach mic CC 12 mach mic chung cuc phét CE

Phuong trinh ciua mach CC:
Voo =h i, +h v, =hi+h v, (7.13)
I =hgb+h, v, =hi +hv, (7.14)

Trong d6 céc tham sb vi phén ctiia CC

hic=hie=-_ ?hr:':hre_v_&c
i v..=0 v, i, =0
I i

h. =h, =*X W

E 4 i!: vet' =u} M M v.er.' Ib_"l}

7.2.3 Xdc dinh céc gid tri théng s6 ciia BJT bing dd thi
a. Xdc dinh dign tré ngé vio ciia BJT hi, (Mdc chung E)
Xét dudng dic tuyén ngd vao khi ¢é dinh V = Vego nhu hinh 7.12

d'jll.l.ﬂl
I, -1-1-(] L
r'l-'\-g— my
Vee=20¥

= - Vg =84V {constant)

i T ok 07 0.4 g (V]
— i 4, & DIV

Hinh 7.12. Dic tuyén ngé vao.
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Tir hinth 5.6 ta o6: , =2Vee —Pe g Vi (7.15)
AL W =0 B, © e

tai nhiét d6 phong t =25°C  p, = p 20"V (7.16a)

fE!?

V. 26mV

Bﬁt j; = =
IEQ IEQ

Vay h, = pr (7.16b)

Ch ¥ chit e trong dién tré 7, duge chon dé nhin manh ring dong dién
DC tai cuc E xdc dinh gia tri dién trd cia moi noi Jg.

b. Xdc dinh hé sé hoi tiép hre

Xét dudng diic tuyén ngd vao khi ¢ dinh I, = I,, nhu hinh 7.13

fg (LAl VogaDW
.r'c‘l._- =10
Veg=20 V¥
.}I} -
.:.H-I —
AL, =Y
15 — e - Ig = 15 WA {constani)
10—
!
I |
i ] J | ]
0 (L6 n7 R U e (¥

= = An,, = 0008V

Hinh 7.13. Pdc tuyén ngé vdo.
Tir hinh 7.13 ta co:

= i (7.17)

ov

g
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¢. Xdc dinh h¢ s6 khuéch dgi dong hy.
Xét dudmg dic tuyén ngd ra, khi ¢d dinh V., =V, nhu hinh 7.14

ki (mA)
1= + 60 LA
5 f__,Lamd]ine 40 PLA
- . Vep =84V (constant)
4 iz —+30 pA
sH | 2-point — Iy, = +20 A
aic o [I° e Iy =+15 pa
2 ' fﬂl =+10uwh
E :
l + fg=0pA
I A | = =
0 5 (8.4 V) 10 15 20 Ve (V)

Hinh 7.14. Pdc tuyén ngé ra.
Tir hinh 7.14 ta cé:

A G (7.18)

hﬁ: = 5 2
Aiy Ve i,

d. Xdc dinh dién din ngé ra h,,
Xét dudmg dic tuyén ngd ra, khi ¢6 dinh I, = Iy, nhu hinh 7.15

& |.|-- [m."'t]
ol = i A
5= = ) A
4 | + 30 uA
sl J,ré"'-puim +20 A
— e e WSV R BT R 1A {constant]
A == - 2
SH . | +10 LA
; |
I | | | -
D| 5TV 10 15 0 Ve (V)

Hinh 7.15. Pdc tuyén ngé ra.
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Tir hinh 7.15 ta co:

[

hﬂi‘ =
AV, Vesg OV

D61 vGi mé hinh cyue E chung, gid tri cia théng s6 h, 14 mdt dai luong
twong d6i nho c6 thé xem 7, =0 nén hv, =0, két qua 12 ngin mach phén
tir ndy. Dai luong % thuomg ¢6 gia tri rat 16n nén c6 thé bo qua néu so

sanh v&i mot dién tro tai, két qua md hinh twong duong gan ding cua
transistor md hinh cuc E chung nhur hinh 7.16

Hinh 7.16. M6 hinh twong dwong gdn ding cia BJT.
Bing chuyén dbi théng s6 giira cic dang mach CE va CB cimg BJT:

h.
hys— —=r (7.20)
1+h,
h. xh
— e " e _ o~
rh ].+hﬁ! re (?21)
h
p = =] (7.22)
1+h,
h
=——— =0 ;
ab =T hy (7.23)

So db trong dwong gin ding ciia BIT mic CB trong hinh 7.17.

209



CHU'ONG 7 GIAO TRINH BIEN TUY CO BAN

Hinh 7.17. Mach tuong dwong.

Mach chung C, ta sir dung so dd twong dwong tin hiéu nhé ciia mach
mic CE va cic tham $6 hie = hic, he = hie, hoe = hoe.

GC
Iy T
IE B ) C
B I: : +
+ hm hfcIE hﬂf
> Vis Ver
o) ” le L
E E
a. b.

Hinh 7.18 So do twomg dwong tin hiéu nhé mach mdae CC

7.3. PHAN TiCH MACH KHUECH PAI TiN HIEU NHO DUNG BJT
Céac md hinh da gidi thiéu duge sir dung dé thue hién viée phén tich ac
ctia mdt s6 méd hinh mach chuin ding transistor.
7.3.1.Mach khuéch dai tin hiéu nhé méc CE
a. Phiin cyc dinh dong 1y
Cho mach khuéch dai tin hiéu nho sir dung transis@irnpn nhur hink7.19
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B 3

I Brx

.lrﬂﬂ

! Bmjn

L

VCC VC E

VCESH!’ Vc}gﬂ

a. b.
Hinh 7.19. Mach khuéch dai E chung.

Cén xéac dinh diém lam viée Q (Ico, Verg) theo khung (1) hinh 7.19 Q
thude ving khuéch dai.

Cén xac dinh so dd twong duong tin hiéu nho khi 6 ngudn xoay chiéu
ap vao. Ta can tinh cac tham so6 xoay chiéu A v, Ay, Zi. Z, cia bo khuéch dan
mach mic EC (Khung (2)).

Mach dién twong duong duge phén tich nhu sau: gia sir tin hi¢u vao la
ac da duoc xdc dinh. Do chi xét dén tin hiéu ac nén tit ca céc nguf:‘un DC co
thé xem nhu ngin mach do ching chi xdc dinh dién 4p DC & ngd ra ma
khong xac dinh bién d¢ dao dong ngd ra.

Céc ty lién lac ac xem nhur ndi tit C; va Ca va tu bypass Cs duge chon
sao cho co tong tréy rit nho tai tan sb cia tin hiéu va ndi tit dién tro Re.

So d6 twong dwong tin hidu nho cta mach hinh 7.19 nhu hinh 7.20.
li‘-" C +
Vi s * . oVo
Z
I ',
I :

Hinh 7.20. Mach tuwong dwong tin hidu nho.

Xiéc dinh cdc thong sb: tong trds vio, tong tror ra, hé s6 khuéch dai dién
ap, hé s6 khuéch dai dong dién:

Tong tré vio 13 tdng tré nhin tir hai ddu ngudn tin hidu v tii
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Z =R,k (7.24)
Néu dién trd R, 1ém hon h, gip 10 lan thi c6 thé xem:
Z . =h (7.25)
Tong trd ra 13 tong trd ciia mach nhin tir hai diu téi vé ngudn tin
hiéu ac khong tinh tai
Pugce xdc dinh khi tin hiéu vao v,=0, suy ra i =i, =0 nén co thé xem
12 hé mach ngudn dong va két qué 1a tong trd ra:
1
Z =R_| h_ (7.26)

H¢ s6 khuéch dai dién 4p:
Ta co Ve =1Z =1h,

1
Ve=1IR = _hﬁIJ:(RL H R, ”?}

Hé s6 khuéch dai dién ap

I 1
B Re IR 1) BR[| R, [|5-)

Ay = v ik =— " (7.27)
B (R ||Ry)
h,

Hé 56 Avyg c6 gid tri 1om ty 18 thudn vii hy,; ddu “-* dao pha tin hi¢u
Va0 ra.

Ha}" A'FE o {? 3 23)

Hé s6 khuéch dai dong: dong dién ngd ra duge xéc dinh:

T Z, R
fme. gy ol (e 7.29
LB e TaL L
Néu h((R, thi: Ay =h, (7.30)

Hé s6 khuéch dai mach CE dao pha dién apvaco giatrilom | ty 18
thuan voi by,
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Crutput
curremt swing
L

Ty,

W
V-'-lq + ]‘:I‘R.c"."ﬂ J vGG CE

vn]h.gn AWiIng

Hinh 7.21.

Vi du 7.1 Cho mach khuéch dai CE , sir dung transistor Si npn , phén
cue co dinh

a) Xéc dinh tinh diém Q va phuong trinh dwdmg tai tinh DCLL.
b) Xéc dinh tong tré ngd vao Zi

¢) Tinh tong tro ngd ra Zy

d) X4c dinh Ay, A;

e) Khi 1y = 50 kQ, tinh lai cdc gid tri Zy, Av, AL

Hinh 7.22. Mach khuéch dai CE, phan cuc co dinh chovidu 7.1
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Giidi:
a) Phiin tich DC ta c6:
TR vcc _VEE i lzif—ﬂ,?‘v

g R, 470k<)

=24,04uA

I, = pI, =(100)(24,04A) = 2,404mA

V.p =V — 1R, =12V —(2,404mA)(3k0)) = 4,788V

Do do
el SV it
I,  2,428mA
Vi

I, =(A+1)1, =(101)(24,04uA) = 2,428mA
hie = fBr, =(100)(10,71Q) = 1,071k

E 3

ACLL

Ic
4mA
DCLL
Ico Isg
Ny fﬂm;’g

I Versa Verg 12V Vg

Hinh 7.23
b) Tong tré ngd vao Z;

Z =R, || hie =470k} || 1,071k = 1,06940)

c) Tong tro ngd ra Z,,
Z,. =R =3k0)
d) Po loi dién 4p, do lgi dong dién

214



GIAO TRINH BIEN TIF CO’ BAN CHUONG 7

D6 loi ap Ay
AV=_R‘7=— SRR =-280,11
r 10,7102

Do R, = 103r, 470k82>10,71k2
Do lgi dong A,
A = 3=100
e) Khi xét dén anh huong cua r,
- || R. = 50k2||3k2 = 2,83k

r || R 2,83k

=—20lT = —264,24
. r 10,7152

PR,r, (100)(470k€2) (50k<2)

(n +R.)(Ry +r.)  (50kQ+3kQ)(470kQ+1,071kQ)

A =

b. Phén cwe kiéu dinh dong Iy cé dién tré Ry
Trudmg hop khong c6 tu bypass Cg (tu mac song song véi Rg).

Cho mach khuéch dai nhu hinh 7.24, Xéc dinh cac tham s xoay chiéu
ctia mach.

¢11\f
o |/
sz T T °
i | -
A -
— Z

Zi Re

Hinh 7.24. Mach khuéch dai CE khéng 6 tu Cg, mach phan cuce c6 dinh ¢
dién tro Rg
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Ta c6 so do tuong duong tin hiéu nho nhu hinh 7.25 vi xem

L o, o diy ta dimg tham s fir, = h,

L 18 I.

—-- -
5 % _¢ o - o
: +
i éﬁn hie By mé -+,
.R.f: ’
Vi

| > éinﬂm 1)1
11 L L1 1

Hinh 7.25. Mach twong dicong tin hiéu nho
Ap dung dinh luit Kirchhoff cho hinh 7.25, ta cé:

v, =1k, + 1R,
v,=Lh +(f+1)LR,
Trd khang ngd vao bén phai cia Ry 1a:

Z,=L=h,+(B+1)R, (1.31)

b
Do p théng thudng 16n hon 1 rét nhidu nén: Z, = h, + R,
Co: pr.=h_
Nén: Z,=f(r.+Ry) (7.32)
Do Rg thudmg 1én hon . nhiéu nén

Z =fR, (33
Tong trd Z;:
Tir mach 7.20 ta c6:

Z.=R.||Z, (7.34)

Té‘rtlg h‘“& Z[]:
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batV;=0,Ig =0vapl,=0 hﬁng cach ngﬁn mach ngd vao, ta co:

Zy=R¢
Tﬁ'lh ﬁ\,’!
A"': In’: =£
(3
Vi zﬁ:ﬁ(’L‘FRﬁ}
Do loi Av:
Vv R
A, =2=—p=c
v, Zy
Néu Z, =~ R, thi: A, =—
Bé lo1 A

(7.35)

(7.36)

(7.37)

C

(7.38)

= |~

E

Ap dung luit phin dong cho ngd vao ciia mach ta co:

R.I
IF; =
R, +Z,
Suy ra: i = Ry
I! RE +ZEJ
Ta c6: Iy = Ply
I
Néﬂ | [
If.l' ﬁ
Iil- Ih Ii RE +Z,l,
PR,
0 7.39
A R,+Z, ( )
i x A =—A, ot (7.40)

Mobi quan hé vé& pha: biéu thirc (7.38) cho thdy tin hiéu vao ra 1&ch

pha nhau 180"

217



CHU'ONG 7 GIAO TRINH BIEN TU CO' BAN

Xeét dnh hudng cua ry:

Céc cong thirc dudi day cho th:fl}r dién tré 1y cha transitor anh hudmg
trong mach:

(Jb’+1]+Rca"rD _
Zii Z =fr + R (741)
» =P |:1+(J!i"_,:+1+;]af':1’;TI 2
Do ty s6 Re/rg luén nho hon (B+1) rat nhiéu, nén:
+1)R
Z,=pr.+ (ﬁ ] -
1+(R.+1)/ 1
Néu ;= LO(R¢ + Rg)
Z, = fr.+(B+1)R,
Do B+1=g
Nén Z =pg(r.+R,) (7.42)
Tinh Zo dign tro ngd ra: 7, = &, ||, + " (7.43)
il
R,
Tacé r, > r,, nén:
Z,~R.||r s ||};++ 1
0 =4 “_!_I_L"jf; s !-n l_|_ r,
RE L. 1_): RE

Théng thudng é vi % nhdhon 1 rhtnhidunén thng cva chiing
ciing nho hon 1. )
Gid sir v6i p = 100, 7. = 10 Q, Rg = 1 kQ
1 I
1109 " 0,02
100 1kQ

=50
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CHUONG 7

Z[F = RC || 51?}!
Do d6 dé don gian:Zy = R

Tinh A.: A‘[r’ =E 2 Zh T 0
e V RC
i 1_|__
rl'.l
Ty sb: L «1
rl}
g%, R
Ai, =5 P zn’:r T
N R,
i Y i
Ty
Néu r, > 10R,.
V. PR
A, ==t =—"FF
v, Z,
7.
Tinh A;: = el
A; A =

(7.44)

(7.45)

_ Trudng hop c6 ty bypass C g Néu dién tro Rg trong mach hinh 7.24
mac song song vii tu Ce thi mach twong duong trd thanh mach tuong duong
nhu hinh 7.26.b. Céc cong thirc tir 7.24 dén 7.30 déu ding dugc.

Hinh 7.26. Mach khuéch dai CE
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Vidu 7.2, Cho mach dién nhu hinh 7.26.a vi tu bypass Cg.

a) Tinh diém Q va phuong trinh dwdmg tai tinh DCLL.

b) Tinh cac tham ) xoay chiéu cia mach: Z;, 7y, Ay, A;.
Gidi:

a) Phén tich DC ta cd I = 4.34 mA

re = 5,99 Q
b) Rg bi ngin mach béi Cg, do d6:
Z, =R, || Z, = R, || Br, = 470k2|| (120)(5,992) = 717,700

Z,=R.=22k0)
R, 2,2kQ) g
=__C =_ =—-367,28 (ting ddng ké khi co tu C
A r 5,99k Gadiding R

BR,  (120)(470kQ)

A= =119,82

R,+Z, 470kQ+718,8kQ

¢. Phén cye kidu chu phén dp:
Cho mach khuéch dai nhu hinh 7.27

Hinh 7.27. Mach khuéch dai CE, phan cuc kiéu cdu phin ap

Theo khung (1) ta xac dinh dugc mach twong dwong hinh 7.27.b Ta
xdc dinh duge Q(leo, Veng) ¢ ché d6 khuéch dai.

Theo khung (2) khi ¢6 tin hiéu xoay chiéu mach dién twong duong
duge veé lai nhur hinh 7.28, trong d6 cac tu dién C;, C; va Cg duge chon sao
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cho ¢é trér khéng thip xem nhu théng mach d6i véi tin hidu ac, do d6 dién
tr& Rg coi nhu ngin mach ddi v&i tin hiéu xoay ¢ hiéu do anh hudng cua ty
bypass Cg. Dong ac khong qua Ry, trong so d6 khong xuit hién Ry.

c +
0 Vo
1 .

Ry R T Re .
bk 1ha g R

- —

=
-

1
-
g

7

v, — -

i

VK

Hinh 7.28. Mach twong dwong
Pién tré Ry Il Rz trong duong:

R R,
RBB = R1 H Rz o R ]—[—I} (7.46)
1 7

Tong tré ngd vao Z;:
Tir mach twong dwong hinh 7.28 ta co:
Z, =Ry, ” h, (7.47)

B
Téng trd ngd ra Z, (Nhin tir hai dAu tai vé& nguon khong tinh tai):
Tir mach twong duong hinh 7.28, ta sé xac dinh Z, bing cach ndi tat

ngudn vao V; = 0 nén I, = 0 pA va Ip = pl, = 0 mA. Do d6

1

Z =R T (7.48)

e

Néury = 10Rc thi Z, = R,.; thudng thi hi o0 ta cd Zog® Re (7.49)

i

b6 loi dién ap Ay

1
v —h Iy (h_ | R || R.)

&_ﬂ_ ﬁm

_ —h (R || R)
h.

13

Suy ra (7.50)
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Néu 1/h,. > 10R¢

—h, (R || R,)
h

A= (7.51)

Mach méc EC c6 Ay rit 16n do ty 1 thuéin véi h, va ddo pha tin hiéu
xoay chiéu.

B0 loi dong dién A;:

]
h.rc‘RHH'{ ” H{'}
5 i
A="= | ' (7.52)
(I H RII'_' 3 RL ](RBH g hl’c‘ ]

g

h,R
Néu 1/, =10R,. A}.:h; o Ran e (7.53)
Ie (RC+RL)(RBE+‘&&’)
I h R,.R h. R
Néu R,, =10n, A =-"= M IR & k€ (7.54)

(R.+R,) (R +h,) (R-+R,)

Zi'

C6 thé x4c dinh A; bing cich: A =—A, . (7.55)

C

Méi quan hé vé pha: tir cong thirc (7.50) cho théy, tin hiéu vao V; va
tin hiéu ra V; 1éch pha nhau 180°.

Vi du 7.3. Cho mach nhur hinh 7.29

Sﬁké %ﬁ,ﬂﬂi o)
ﬂ.
ru II $ =00 e;;
Bd S :' S
% T
i

Hinh 7.29. Mach khuéch dai CE, phén cue cdu phan ap chovidu 7.3

Sl

222



GIAO TRINH BIEN TIF CO’ BAN CHUONG 7

Xac dinh:

a) Tinh dong 4p phén cye tinh I ¢, Vg Tinh cdc tham sé cia bd
khuéch dai Z;, Zg, Ay v A,
b) V&1 1p = 50 k€ = 1/hge, tinh Zy, Ay v A;
Gridi:
a) Phiin tich DC:
y pr. >10R,
Kifovieg (90)(1,5k€2) >10(8,2kQY)

135k > 8,2k0) (thoa min)
Sir dung phuong phép gin ding:

R, _(8,2%0)(22v)

I G - S
" R+R,C 56kQ+8,2k0

=2,81V

V, =V, -V, =281V -0,7V =211V

v,
L=o

E

2,11V
1,5k

=1,41mA=1

Vep =Vee—Io(Ro+ R, ) =22V — (1, 41mA)(6, 8k + 1, 5k = 10,297V
. _26mV _ 26mV
= F 1,41mA

E

=18,44Q

Ryy =(R || R, ) =(56k02)|| (8,2k2) =7,15k2

Z. = Ry, || Br. = 7,15k$2| (90)(18,440) = 7,15k || 1,66 = 1,35k2

Z, =R_=6,8kQ
. Q| 2,2k 2k
o RoIIR, _ 6.8kQ12,2kQ _ 1,662kQ . o0
: ” 18, 440 18, 440
Piéu kién:

Ry 21081, (7,15kQ=10(1,66kQ2)=16,6kQ2) khong thoa man
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SRy, (90)(7,15kQ2)
Do d6: A= = =73,04
R R, +j3r 7,15kQ +1,66kQ
b) Xét anh hudmg ciar,
Z, =1,35k0

Zy =R || 1y = 6,8kY || 50k = 5,98k€)
A, _ _RelnllR _ 1,608k _
B r 18,440

L

—87,21
Diukién: ,>10R,  (50kC2>10(6,8k2) = 68k2) khéng thoa mén

|
fu ﬁ-‘qyﬂ'{r” R{'}

Do do e

\—nfe +R, {R +h,)

R | 4 s
PR ' %) (90)(7.15k€2) (504€2|] 2,24€2)

J= Y= = =17

E R +R '{r-: k] ([ 50kL2]| 2,2k )+ 6,8KQ2 ) 7,15kQ2+ 1, 66402
h L FR AR el

{{d
N TToe ..l'

d. Phén cue hdi tiép tir cwre C

Mach phén cye nhu ¢ hinh 7.30 cung cdp mot duomg hoi tiép tir cue C
sang cuc B lam gia tang tinh 6n dinh clia mach nhu da phan tich.

4
1

Hinh 7.30. Mach khuéch dai CE, phén cuec kiéu hoi tiép tie C

—l—

{%n

-

“+
.
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Mach tuong duong nhu hinh 7.31
-
f
— 5 i3 =
- » T E ?
I[l
= : ? Vi
WS ()] RS -
Hinh 7.31. Mach tuvong duong
Tong trdr Z,
Ap dung dinh luit Kirchhoff cho vong méc ludi ctia mach tuong
duong, ta co:
I VD _Vr
RF
Vi V,==1,.R,.
Ma I=gI +I

Vi Blp thudmg 1ém hon I’ nhiéu nén:

Suy ra

Ta co
MNén

Do do,

Keét qua la:

J!rn = Jg"r.a
1i"Fn =_(ﬁ'rb)Rﬂ
LD
A,
v, R
Vi =_ﬂE-RC = _Tj-ve

Ir=ﬁr_va'=1":1_vi =_Rcv._vf _ 1 l+£ v,
R, R, R; T Ry N

v, =Lpr, =(I,+I') fr, = 1Br. + I'pr,
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226

v:=[bf3r;_i i}ﬂ}; i
R, T,
Hay v,[1+ Ar. [1+iﬂ =1pr,
R; Ly
V.
Do dé: i LA S ﬁr‘?

Thudmg Re 16m hon rit nhidu so véi r, v 1+ o g&
r L
Do dé:
pr, BrR,
Z = o e = B¢ || R; (7.56)
+ pr. pr+R, .
Tﬁng tro Ly

Néu ta ngan mach ngd vao (v; = 0) dé xdc dinh Z,, mach s& vé lai

Re
? ——AAN— ’ o
L=0A l
——
v, =0 Br, BL=0A Re Z
+ 5 -

Anh hudng cua dién trg fr. bi mit va do d6 Ry song song véi Re

Z =R.|R, (7.57)
D6 loi Ay
Tai nit C cua hinh 7.31

I=p1 +1I'

=~ Bl

o=

Thudng 3/, > |’ nén I
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V[: 5 _IURC = _ﬁI;;Rc

Thay thé 7, = —— ta dugc
filn
V
Vo= _ﬁﬁ_;; R
Do 46: s % e I (7.58)
i I
Do loi A;:

Ap dung dinh luét Kirchhoff cho vong mét ludi ngoai:
V —Vep —Vp =0
1pr. +(1, —I,)R, +I,R, =0

Do: I, = pl,

Nén: ILpr+I R, —IR. +BILR.=0

I.(8r.+R,+B8R.)=IR;

F

%(ﬁrf +R,+fR.)=IR

. PLRy
* (Br.+R,+pR,)
Bo qua Pr. khi so sdanh v&i Ry va PR, ta dugc:

L, __ PR
i 3 I, R,+JR. (%

Néu PR: > R, thi:
I, pR:. R

=10 = =— 7.60
% . PR R S
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M&i quan hé vé pha: ddu “-“ trong cbng thitc (7.58) cho thiy tin hiéu
V 1&ch pha 180" so v6i Vi.

Xét anh hudng cia ry:
Tong tror Zs:
Z = Ry (7.61)
Lt Relln '
Br. R, Ry,
Xem ring Ri ~0va fp dung didu kién 7, >10R,
F
l+%
Zf O . i
L
pr. Rr,
Thuomg —£ <1:
F
1 r
Z. = S (7.62)
Lo b R

Br., Rgy, B R
T&ug tro Z;: Bao gi“}m Iy song song vii Re trong mach hinh 7.31,

Z,=R_|IR |, (7.63)
Néu r, 210R.: Z, =R, || R, (7.64)
Tinh A.:
| |
P it
l_|__}E'||RE"_ 703
R
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([ R )
DoR2r: A =— L
1_'_{?.DHRC:]
RF‘
Re
[
Néu r, 210R.: A, 2 ——* (7.66)
RE
1+R—

Do % thwdmg nhé hon 1 nhidu nén: 4, = —¢

F &

Vi du 7.4. Cho mach nhur hinh 7.32, xdc dinh
a) Tinh diém Q va phuong trinh duwdmg tai tinh DCLL
b) Tinh cac tham sd Z;, Zo, Ay, Aj
¢) Tinh Zi, Zo, A+, Ai néu ro = 20 k. So sanh két qua

9V

2.7 k2
(—o I
I 10 WF
—
Vio H B=200,r,=20
10 uF -
| Z,
zl

Hinh 7.32. Mach khuéch dai CE, phén cuc kiéu hoi tiép tir C cho vi du 7.4
Gidi:
a) Phén tich DC ta co
Vo Viw oV 0,7
R, +fR. 180kQ+(200)(2,7k<2)

I, = =11,53u:A
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I, =(B+1)1,=(201)(11,531A) =2,32mA

Dods ri 2o o MY oin
I,  2,32mA
r 11,21
Z, = R =T 270 = 560,50
—+ +
f R, 200 180kQ

Z,=R.||R, =2,7k2|| 180k2 =2, 66k

A= B 2TKQ e
ro 11,21kQ
i AR, (200)(180kQ2)

o

TR, +BR. (180kQ)+(200)(2,74Q)

¢) Z;: Do diédu kién r, =10R,. khong thoa min nén:

(o Rellm | 4 27k02| 2040
5 R, . 180k02
1T R 1 [ 2,7kQ| 20k

Gr Ry Rer (ZD[})(I 1,215!) g 18042 180kC211,2102
Z; = 617,7 Q2 so v Z;= 560,5 Q & ciu trudc.
Zy:

k. 1 1
—+—{ IR 20482|| 2, 7AE2
B o B ;;,] oll R __[13ﬂkf1+|1,2ml |
|+ o C |_.|_
R, 1 RO

50 voi Ay =-240,86 & ciu trudce.

—= 209,56

Z __(_200,56) 81772

Ai: ;= 5
A AVRC 2,7kQ)

A = 47,94 so voi Ai=50 & céu trude.

7.3.2.Mach khuéch dai tin hiéu nhé mic CC
Xét mach khuéceh dai mic CC nhu hinh 7.33.
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Hinh 7.33. Mach khuéch dgi C chung.
Ta xét phin cuc DC cho mach tim diém lam viée tinh Q(Ic, Ver)
(khung 1, 2).
Khi co tin hiéu ac (khung 3), ta co so dbd tuong duong tin hiu nho nhu
hinh 7.34, st dung cac tham so ciia mach CE: hy,, hy., h,. va h,,.

Ii I];,. Iu;:
pe s e} .
é é B ‘ C
Rs Re |She, (¥ g”}‘m
il heI;
Zi l.= (ﬁ"' ! .Hb
vsQ) E Vot
Re |
- R]'__
ZQ —
Hinh 7.34
Ta bién dbi thanh hinh 7.35
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L
(hie+ 1 :'%i: J’?:}_:
I |

| |
| §RE: SR

| |

i

Hinh 7.35

#» T r’fng tro' vao Zip:
Tong trér vao Zie duge xac dinh:

Z!.C = RB ||Zb (7.67)
Trong d6
Vv Lh +h,_ +1DI (R IR : -
b= I|u= i3 e I h( E L}=hie+{h_fr_-+l}(RE |IR£) (?.63)

B
Ta ¢6 tong trd Zie = ZyllRg>> Zip>>Zi vi ty 18 thudin véi hy, + 1 ¢6 gid
tri vt 16m.
» Tong tré'ra Z,:
IRy =Vy= fh;e + I Mg(ReIR;) + Igh;,
Xét khung kin (1)
; _ Voo _ L+ (R IR) b +(R, IR;)
M (b + 1), h+1
Z, = RglZ,

Viy tong tré ngd ra cb dién trd ra rit nho vi ty 1€ nghich vo1 h.. Ta ¢6
g1 tri dién trd ngd ra nho nhét so véi mach méic BC va EC

Zooe<< Lop<< Zog (7.70)

B

(7.69)

» D loi dién dap:

Mot trong nhimg diac tinh quan trong nhét ciia mach khuéch dai 14 46
lgi dién ap ac tin higu nho duge xdc dinh bot phuong trinh:
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v, (R | R+, (1+h )R |R)
V. kA, +(R |RA+A)L A +(1+h, XRe || R,)

=1 (771

Hay 4, = ';f =z |

Néu (R, |R)<r thig =1

Vay meu;:h‘ CC khdng khuéch dai dién ap va c6 d6 1éch pha gitra tin
higu vdo vd ra bang 0.

> Pp lgi dong:

oo
o R i
R, +7Z,
T 8§ S gy
RE +RL RE +RL
&:I_ﬂzf_iz{lﬂ—hﬁ} R, R, (7.72)
Ikl R +Z R +R

Do lgi dong lom vi ty 1€ thudn voi Ay

Nhur véiy mach mic chung C c6 d6 loi &p xép xi bang 1 va dién ap vao
clng pha v&i dién dp ra Ayc¥+1.

Mach CC c¢6 d0 lgi dong 16m so v mach EC, BC Ajc> Ap> As.

Mach CC c¢o dién trd ngd vao 1on vio lom va dién trd ngd ra nho Z,¢
<< Lig< Zig.

Mach CC thudmg duge sir (il_]]‘l!% lam Mach ldp lai dién 4p hodc Mach
dém cho cac bo khuéch dai, Mach pho1 hop tré khang.

Tom lai:
Ave = +1; Aie> A, Zic>> Zig> Zip, Zoc << Zig< Zip
Vi du 7.5. Cho mach nhu hinh 7.36
a) Xac dinh dong ap phén cyuc tinh
b) Xéc dinh céc tham sb xoay chiéu Z;, Zg, A, A;
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220K

—-Cl
ViH
e
z‘i

Hinh 7.36. Mach khuéch dai CC chovidu 7.5
Gidi:
a) Phan tich DC ta co

;oo VeeVee  _ 20V 0,7
" Ry+(B+1)R,  220kQ+(101)(3,3k02)

=20,42uA

I, =(p+1)1,=(101)(20,42uA) = 2,062mA

_26mV _ 26mV
2,062mA

Nén r

- =12,61Q
I

E
b)  Z =pr+(f+1)(R,|IR,)

= (100)(12,6102) +(101)(3, 34| 1kQ2) = 78, 76k = (R, || R, )
Tong trd ngd vao

Z =R, || Z, =220k2|| 78,76k = 58kQ2
Téng tro ngo ra

Z,=R.||r,=33k2|12,61kQ=12,56k2 = r,
P6 lgi dién ap

ol _RIR) 33040

VR +(R, IR, 12.610+(3,3kQ || 1k)

P06 loi dong dién

=0,9838 = |
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I : 220k€2 3,3kQ
gl B B g (B0 GS0)
o R,+Z R,+R, 220kQ+334,56kQ 3,34 Q1+ 1kQ)

¥

7.3.3.Mach khuéch dai tin hiéu nhé mic CB

Xét mach médc CB nhur hinh 7.37
Mach dugc phin cuc & ché db khuéch dai khung (1).

g o M g

Hinh 7.37. Mach khuéch dai cuc B chung.
Tin hiéu xoay chiéu s& di tir phia trdi sang phai theo dudmng “........
khﬁng qua REEREZ'
Ta c6 so do mach tuong dwong nhu hinh 7.38 theo cac tham s0 hyg,
h;g, h,g, tu Cg no1 tat doi v tin hidu xoay chiéu do do Ry Rg: khing cé
trong so do.

%

Hinh 7.38. Mach twong duong.

Tong trér ngd vao: Z, =% =R Ilh, =R I, (7.73)
A - Vt’)
Tong tréngdra: Z,=—2——=R, (7.74)
I, |v.=0
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v, =h,LR h,R R
Db lgi dién fp: A,,,=F”= :I € =- -:: C-2¢ (775
] e il F,

£

Do loi dong dién: ﬁ.g—i— mi./
LR - R“’*; "R +r

R

=1 (7.76)

&

Viy mach CB ¢6 diic diém 13 46 loi dién fp 16n nhung d6 loi dong be,

tin hiéu vao va ra cing pha. Nhung tong trd mach nay kha bé (cong thirc
7.37) do viy phai cai thién tong tr&f ngd vao cua mach. Ung dung duoc st
dung trong cic mach khuéch dai tin s6 cao.

7.4. MACH KHUECH PAI TIN HIEU NHO SU DUNG

TRANSISTOR TRUONG FET
Ciing tuong tir nhu BIT, dé thyre hién viée phén tich ac ciia mach ding

FET, can phdi xdy dung mé hinh twong duong ciia FET . Cac mach khuéch
dai dimg FET (CS, CD va CG) c6 thé coi trong duong nhir mét mang hai
cira va khi FET hoat déng véi tin hiéu nho s€ twong duong mang hai cia

tuyén tinh nhu hinh 7.39.
i e et i D
o O : O

236

Hinh 7.39. M6 hinh twong dwong cua FET.
JFET:
Trong d6 théng s6 d6 xuyén din g, dugc dinh nghia

Al o, fi

g, =—+=—%=g_ (1- ""‘)— g |- (7.77)
AV e, ¥ 7
Véi g 12 d6 xuyén dén cia JFET tai V,,, =0.
ZIDST
g, =08 (7.78)
[Vl



GIAO TRINH BIEN TIF CO’ BAN CHUONG 7

w

Vs

Hinh 7.40. Xdc dinh g,, trén dic tuyén truyén dat.
Vi ry goi 12 dién tré méng ngudn

o ﬁ' Vdn s 6vd.v 1

F, = = =— (T?g'}
d ﬁfd Vnsg ﬁtd J"Ir”
Vi v dién din ngd ra.
Thuomg r, nim trong khoang 30+100KQ)
b1 (mA)
Visg=0 ¥
) B
i
oy
0f Vg (V)

Hinh 7.41. Xdc dinh ry trén ddc tuyén ngé ra.
MOSFET
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D_MOSFET:

Do phuong trinh truyén dat ciia D MOSFET ciing giéng nhe JFET
nén cic thong s6 tinh toan trong mé hinh ciing twong ty nhu JFET.

E MOSFET:
AL, i
- = =2K -V 7.80
B ﬂVﬁ @Fﬂ (Ves —Vr) ( )

-

=

|=,|—Mw-l-l.l|?-1-lﬂ'\ﬁ

Vop=Vr=2¥

Hinh 7.42. Xdc dinh g. trén dic tuyén truyén dat.
<  Cic chi tiéu ciia bé khuéch dai ding FET:
Céc mach khuéch dai ding FET c6 cac théng sb sau:
> Tt’iﬂg tré vao Z;:
Tong trd vao Z; duge x4c dinh béi dinh ludt Ohm c6 phuong trinh:
4

Fo te (7.81)
i I—é

» Tong tréra Z,:

Téng troy ra thudng duoc xéc dinh tai cdc dau ngd ra nhung hoan toan
khac v tong trd.

Sy khac nhau d6 12 tong trés ra duge xdc dinh tai cac dau ngd ra nhin
vao hé thong khi khéng ¢6 tin hiéu & ngd véo.

Tong tré ra x4c dinh theo phuong trinh:
B bl (7.82)
» D¢ lpi dién ap:

238



GIAO TRINH BIEN TIF CO’ BAN CHUONG 7

Mot trong nhimg dic tinh quan trong nhét clia mach khuéch dai 1a do
loi dién 4p, chinh 13 ty s6 dién 4p ngd ra va ngd vio:

A, wil 7.83
a7 (7.83)
Ddi véi hé théng hinh 7.42, 46 loi 4p toan mach 1a:
Vv 4
= 7.84
A V. Z+R & e

» Mdi quan hé vé pha:

Mdi quan hé vé pha ctia tin hidu vao va tin hidu ra dang sin rit quan
trong. D61 véi cdc mach khuéeh dai transistor & dai thn trung binh cho phép
bo qua dnh hwdng cia cdc phin tir dung khéng, tin hidu vao va tin hidu ra c6
thé clng pha hoic nguge pha nhau 180° tiy theo dic tinh ciia mach.

7.4.1. Mach khuéch dai tin hiéu nhé méc CS
Xét mach nhu hinh 7.43a, va so d6 mach trong duong hinh 7.43b

{a) (b}

Hinh 7.43. Mach khuéch dai S chung.
— Mach duge phan cye theo khung (1): Transistor & ché dé khuéch dai.
— Khi ¢6 tin hidu xoay chiéu, tin hiéu ac theo khung (2) khéng qua Ry,
Ta co:
» D lpi dp:
£V (Rpllry)

V. .
A = 1;' aa—— ——g¢ (R, Ilr,) (7.85)

i g
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Néu r, 16n hon rit nhidu R, thi:

‘AV = _ngD (?‘86}
» Dién tré ngo vao:
o ¥, e R (7.87)
f!
» Dién tré ngo ra
Vﬂ
Zy=— =R, M r (7.88)

Iy|vi=

Vay mach CS c6 thong s6 gidng nhe mach méic CE ctia BIT: d6 loi 4p
16m, tin hiéu vao va ra léch pha 180°, nhung mach ding FET c6 dién trd ngd
vao 16m hon nhiéu.

Vidu 7.6 Cho mach nhu hinh 7.44 ¢6 diém lam viée duoe xac dinh
b1V GsQ = -2V \-’Ell DFSGZSII]A, ‘h"i’_:!'i I D55=1'3'111A "h"fi vV p:-SV. (14 tﬂ
}"ng=4'(}“.s.

a) Xac dinh g,

b} Tim I

c) Tinh Z;, Z,,

d) Xéc dinh d¢ loi dién ép A,

e) Xéc dinh d6 lgi dién ap Ay khi bo qua anh huong cua rg

iR
2k}
p G
C—I T
] (e .|I|I_'|5|I: = 1mA
+ : I'Ip= 5
| MG s - |
g o z
g |
oY
L= =
Hinh 7.44.
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Gidi:
& @ _ 2y ZZ(IUM)zzﬁmg
" vy 8V ’
V o
£ = Buo| 12> |=2,5mS ) =1,88mS
v, (-8V)
b) rﬂ,=1 a b ueaspn
Yos  40uS

¢) Z =R, =IMQ
Z, =R, ||r, =2kS2|| 25k =1,85k2
e) A, =-g,R,=—(1,88mS)(2kQ)=-3,76

7.4.2. Mb hinh mach khuéch dai tin hiéu nhé mic CD

Xét mach khuéch dai méc nhur hinh 7.45, so dd mach twong duong clua
mach hinh 7.45 nhu trong hinh 7.46.

+V

Hinh 7.45. Mach khuéch dai D chung. Hinh 7.46. Mach tiwong dwong.
» D loi dp:
Vo &uVeu(Rslin) . g.(Rsllry)
V. V,t+e.V.(Rslry) 1+g (Relley)
Néu 14 16n hon rét nhiéu R thi:

=1 (7.89)

241



CHU'ONG 7 GIAO TRINH BIEN TU CO' BAN

4 o= B L (7.90)

» Dién trd ngé vio:

Z -t K (7.91)
Iﬂ
» Dién tro ngé ra
v
Zo =20 =Ry 71— (7.92)
o i

. Vay mach CD ¢ théng ) giéﬂg nhu mach méc CC cua BIT: d6 1
ap bang 1, tin hiéu vao va ra cung pha, img dung nd 1a mach khuéch dai dém.

Vi du7.7 Cho mach dién nhur hinl¥.47 ¢6 Ino=4.56mA va Vgsg=-2.86V
a) X4c dinh g,

b) Timry

¢) Xac dinh Z;

d) Tinh Z, trong trurdmg hop ¢o hay khong co ry

e) Tinh Ay trong trirong hop co hay khong co rq

+2 Vv
o

Vp=—4V

, { .]"'u.:=25 |..|.S
|

£ 0.05 uF
iy 7T QIMQ 005 uf
| 2.2kQ 47 v

(]

-

Hinh 7.47. Mach khuéch dai chung D
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B gL 2 _ 2(16mA) L
mll |VP| AV
Ves (—2,86V]
—— — g = r}I_S —_—_ | = ﬂlS
gm gmn[l VP] B (1 (—4V) J 2‘:88
L .
Vos 2548

¢)  Z =R =IMQ

d) Trudmg hop 6 14, tong trd ngd vao
2, =1, | R, |V 5, =40k 2,242 /2, 28mS
— 40KkS2|| 2, 2K€2[| 438,61 = 362,520
Va trong trudng hop khong cé ra

Z, =R, ||/ g,, =2,2k2|| 438, 6k2 = 365,692
¢) Do lgi dién ap
Trudmg hop co 1a:
ke gm(f;, | RH) B (2, 28mSj[4l]kﬂ|| Z?Ekﬂ)
14+-g_ (rd | Rjj 1+(2,28m3)(4ﬂk£1||2,2kﬂ)

_(2,28mS)(2,09%Q) 4,77
14(2,28mS)(2,09kQ)  1+4,77

*

Trudmg hgp khong ¢6 14

g R (228mS)(2,2kQ)
YU l+g,R,  1+(2,28mS)(2,2kQ)

_ 500
145,02

0,83

7.4.3. Md hinh mach khuéch dai tin hiéu nhé mic CG
Xét mach nhur hinh 7.48, so db tuong dwong hinh 7.49.
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o |

Hinh 7.49. Mach twong dwong

Tong tré ngd vao Z;:
Trude tién ta tim Z; ; mach duoc vE lai nhu hinh 7.50

r iy
o
fl.
1 t P” »
— "Fr
zZ 4 ‘
gm}rg: + Fd V’d
VI Fg:
b
F
\ Rp Ve
¥ & e
o
Hinh 7.50.
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Bﬁ.t V’= -vr_}g
Ap dung dinh luit Kirchhoff, ta cé:
V'V, -V, =0

V. =V'-V, =V'-IR,

Ap dung dinh luit Kirchhoff tai nit a, ta co:
I'+g V

moogy 0y ‘rr:i

AL

~Znl 1]

Fs

Fa
Fa Ta

l+ﬁ
ZF_E_ rd _Fd-'l'Rﬂ

e s 7.93
el |: 1} 1+ g r, (7.93)
g b
rﬂ'
r, 4+ R |
Z,=R|Z =R || Z—2 (7.94)
l—l_gl.'i‘rr."‘

Néury = 10Rp

Z_' = Fa. +R n o~ i
: l+g. r, g
Zl E Ri || 1.lrlllgﬂr

Tong trd ngd ra Z,

Dé xac dinh Z,, tir mach dién hinh 7.48 ta ngin mach tin hiéu ngd vao
vi=0, diéu nay lam cho dién tro Rs bj ngfin mach nén Vgs=0, do d6 gm V=0,
nén ta co r4 song song voi Ry trong mach

£y, =R, H Fa
Néu ;= 10Rp
Z, =R,
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Do loi ap Ay, ta co:

V, =Y,

V,=1,R,

v, =V,-V,

L. V¥
¢ r

Ap dung dinh luit Kirchhoff tai nat b, ta ¢6
I —1 V =0

wd rRD & g

V.-V V.-V
IRD=IM_£-MVXR={%]_§M [_H]=|: ; n:|+gmv:'

d

R R
Va Rt =V, _ﬂ'l'ngu
Fa Fa

{ngD_FRD}
(T N (7.95)
T '

1+—2

Ta

Néurs> 10Rp: A, =g,.R,

Viy mach CG c6 thong s6 giéng nhu mach mic CB cua BIT: dd loi

ap 1om, tin hiéu vao va ra cing pha.

Vidu 7.8. Cho mach dién nhu hinh7.51 ¢6 Ipg=2.03mA va Vgso=-2.2V

a) Xac dinh g,

b) Timry

¢) Xac dinh Z; trong truémg hop co hay khing co rq
d) Tinh Z, trong truedng hop co hay khong co rg

e) Tinh Ay trong truomg hop co hay khong co ry
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+12V

|
1

vi=domv 0\, 1.1 kQ

Hinh 7.51
Gidi
g Pl _z(mma)zsms
W 4v
Vv i
g, =8| 1-—2 |=5mS 1—ﬂ =2,25mS
v, (—4v')
b) r, =i = L = 20kQ)
Yoo  0uS

¢) Tong tré ngd vao khi xét dén anh hudng clia ry;

M) L ()

z =R || |y, o | 2DREIOKY | 00,5160 =0,3540
+ 8.0 1+ 2,25ms 20k}

Vi khi khong xét dén rq:

Z =R, ||g, =11k 1/2,25ms = L1k 0,44k2 = 0,31k
d) Téng tro ngd ra khi xét dén dnh huong cia ry:
Z, =R, || 1, = 3,6kQ|| 20k = 3,05k
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Va khi khong xét dén ry:
Z, =R, =3,6kQ
e) 6 lon dién ap khi xét dén 4nh hudng cua ra:

R
{gmﬂﬂ +—”} [(E,ZSmS)(lﬁkﬂ]JrS’ﬁkﬂ}

N ] 20k
S BT 3,6kQ)
1+—2 1+
¥ 20kL)
_81+0,18 o
1+0,18
Ta co:
=% =V, = AV, =(7,02)(40mV) = 280,8mV
Va khi khong xét dén rg:
A, =g, R, =(2,25mS)(3,6kQ) =8,1
Do do:

V,=A,V,=(81)(40mV ) =324mV

7.5. PAP UNG TAN SO CUA MACH KHUECH DPAI

Diép (mg tan s6 cuia mach khuéch dai 14 gian d6 Bode mé t sy phu
thuge ctia ham truyén AvA; clia bd khuéch dai hay ciia mot hé thong diéu
khién véi tan so.

Ta co:
V .
== 71.96.a
Ay v ( )
Wi (7.96.b)
a, + jb,
a’+b°
a, +b,
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x,-‘.|:11+b2

201g|Ay| = 201g| ~—— (7.96.d)
% +h

|dB| =101g(a’ +b*)-101g(a] +57)  (7.96.e)

|dB| =G(R,L,C, ) (7.96.f)

Theo cong thire 7.96d, ta co vé trai 12 don vi deciben, vé phai ld ham
36 phu thudc vao tan s6 tin hidu AC qua mach c6 céc phan tir R, L, C va linh
kién bén dan.

Pdp (mg tan so duoge vE theo cong thirc 7.96d nhir hinh 7.52

fwd

1000 10,000

B

I
|
I
I
1 MHz ) MHz
-ﬁ-ﬁr ﬁ'.!a,g svale]
|
T
|
I

fflug soale)

b.

Hinh 7.52. Gidn do Bode ciia ham truyén hay con goi la déap img tan s6

Aymia 12 ham truyén trong viing tin sb trung binh khi tin hiéu 6 tin s6
fi < f < fiy ¢6 gid trj 16n nhét.
A b :
Tisb —— 13 ti s6 ctia ham truyén véi gid tri cue dai Avmia.

vieid

Trén hinh 7.52 ta ¢6 céc ving tin s6 nhu sau:

e fe [’D, fL] Ving tan so thdp ciia mach khuéch dai.
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o« JEUL: SH) : Vung tdn 56 trung binh cua mach khuéch dai.

o [ € [f” ,m]__ Ving tdn s6 cao cia mach khuéch dai.

Trong do:

o fi tan s6 cat dudi ciia mach khuéch dai.
o fu tan s6 cat trén ciia mach khuéch dai.
Do rong bing ting clia mach:
BW =f, -1
e BW: bandwidth.

V&i mot mach khuéch dai 1§ tudng thi d§ rong bing tan (BW) 14 vo
cung. thng trong thire té mé6t mach khuéch dai chi lam viée gid han trong
mdt diy tan $6 nao do6, do anh hudmng boi cic ty lién lac, tu bypass va cac tu
ki sinh trong cac chuyén tiép pn ciia transistor.

B0 rong bing tan cia mach bi gidi han boi tan s6 ot dudi va tin sé
ciit trén, tin s cit ciia mach 13 tai d6 d6 loi ctia mach giam di cin béc hai
cua hai hay ndi cach khac gidm di -3dB.

Tén s6 cit dudi bi anh hudng béi cde tu lién lac va tu bypass (Cg)
va tin sb cit trén bi anh hudng boi cée tu ki sinh trong cac chuyén tiép
pn cua transistor.

Khi tin sd tin hiéu vao nhé hon tin sb cit dudi fiu< fL, tré khéng cia
che tu ki sinh 13 kha 16n va khoéng anh huéng, nhung dong thoi tro khang
cla cdc tu lién lac va bypass cling kha 16n, do d6 1am gidm hé s6 khuéch dai
ciia mach, ngudi ta goi d6 14 ving tan sb thép.

Khi tan s6 tin hiéu vdo ting nam trong khoang f; <f;,<fj;, tr& khing cia
céc tu lién lac va bypass ndy giam nho, c6 thé xem nhu bing khong, va trd
khéng cia cic tu ki sinh bing v6 cing (do dién dung cia cic tu ki sinh kha
bé), thi hé sb khuéch dai ciia mach ltc ndy dat gia tri cyc dai, ving tin sb
ndly goi 1a ving tin $6 trung binh clia mach.

Nhung khi tin s6 vao qué 16n £, > thi tré khéng cta cc tu ki sinh sé
giam nho va 1am giam hé sb khuéch dai ctia mach, day chinh 13 vimg tin s6 cao.

Cong suit tin hiéu ra tai ving tan s6 trung binh:
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ol A
Pﬂmid=R =|Aﬁ;,d |

] i

A £ " A = A Kol
Cong suét tin hiéu ra tai tén s0 cat:
‘( Vi

Viy tin s6 cit 1a tai 46 ¢bng sudt tin hidu ra giam di mot nita so véi tin
hiéu tai dai tin trung binh ctia mach.

Ta c6 dap (mg pha ciia ham truyén theo cong thirc 7.96d nhir hinh 7.53.

|AVm!dV|

POH',I.
r?

b b
alrrg{ﬂ&_l _E—EI =G,(R,L,C)

[p.h
180°
m’}l!ﬂ
...... 5

_gﬂl) =
-180°

Hinh 7.53. Pdp ting pha (su phu thuée ciia géc pha vao tan sé tin hiéu)

7.5.1. Phén tich giin dd Bode ciia mach loc thang thip va théng cao
7.5.1.1. Mach lpc thong cao

Xeét mach RC nhu hinh sau:
TREC T o
- C -
Vi B,
s, O

Hinh 7.54. Mach loc thong cao.
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R 1

Ta co: A, = . — = : (7.97.a)
Vi R=jgag 1— j)é:zﬂ?ﬂ'
3 1 . z
bat: = 1a hang s6
' h 2mRC i
g V. 1
Viét lai phuong trinh: A, =~ =
L/ J‘V
£
e 1
Bién d cuia Ay: |4, | = = (7.97.b)
A
v
Pha: @ =arcfg%

Ay tinh theo don vi dB:

|A,f,| = 20log,,

(B

ﬁ) ] (7.98)

Khao sat: cho tin hiéu vao mach RC ¢6 tin 86 £

Khi f>>f,: A, =0dB twong duong V, =V, @=0"
Khi f=f: A =-3dB tuongduong V. =0,707V, ¢ =45"
Khi f << f;: A= —Qﬂlngm%

Tai f=0.1f,: A, =—20dB

Viy Ay giam 20dB/decade va ¢ — 90"
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T Aviam) {linear scale) —Eﬂiﬂgm 1=0dB
fil10 w4 3 Ao fr 2fr i 5fr 1t
i ; ; : e = — 1 T »
' : = filog scale)
5 sl Actual frequency response
P
9 : \
19 =i dB/octave or -2 dBfdecade
-15
18 20 Togyq f
| I
Hinh 7.55. Gidn dd Bode ciia mach loc théng cao
V,, leads V),
907 s
e —~ = -
45° R -
§ T e
: -~
o® RS A | 1 Tl L8 i
0.15, 0.3 0.3f 0.5f Ji 21 E 1§ 101, f
Hinh 7.56. Bap ung pha cua mach loc thong cao
7.5.1.2. Mach loc théng thip
Xét mach RC nhu hinh vé:
R '
o——ANN, . o
+ -
O ® O

Hinh 7.57. Mach théng thap.
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254

Ta co: A, =—2= — X - 1
V, R—jX. 1+ j2afRC
1
Dat: = 7.99.c
: 1 2RC ( a)
S i V 1
Viét lai phuong trinh: A, =—"t=
Vi g o
: =t oy
12
: : 1
Bién d§ ctia Ay: k| = 5 (7.99.b)
i ) +1
W
Pha: @ = —arctg i
2
Ay tinh theo don v1 dB:
1 2
|AV |{a‘ﬂ') =20log,, 5 =—10log,,| 1 +(i] (7.100)
f ] | s
VAE
Khdo sat bang cach cho tin hiéu ¢6 tan s6 f vao mach RC:
Khi f<<f,: A, =0dB tuong duong V =V, @=0"

Khi f=f,:  A,=-3dB tuong duong V,=0,707V, ¢=-45"

Khif >>f,: A = _zmug,ﬂfi

2
Tai f=10f,: A, =—20dB

Viy Ay giam 20dB/decade va ¢ — —90°
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dB :
1 jﬂ
fllog scale)
-6dB/octave
Hinh 7.58. Gidn do Bode ctia mach loc théng thdp
T V, leads V;
0.1f 5 U.Elfz U.szﬂ.ﬁlf'g fs 2f, 3, 5| 5 10f, 3
1 | ; I 1 £ =
e :
] iy, o s :
e -~ 1
s
A brmmmenreresnsene et
5 e
H“mh
o’ _

Hinh 7.59. Ddp ting pha ciia mach loc thong thdp

7.5.2. Phén tich mach khuéch dai & tin sé trung binh

Tai ving tan s6 trung binh 13 viing tin sb tai d6 céc tu lién lac ¢6 gid
tri tr¢ khang thdp nén xem nhu bi ngin mach (khong anh huéng) va cée
(i'lt‘:tl dung ki sinh c6 gia m trdy kh.?mg cao (xem nhu ho mach). Tai ving tin
s6 ndy, ta dd xét dén hé s6 khuéch dai cia mach & phan 7.4 va 7.5 d6i voi
BJT va FET.

Ta co v&i moi w:
| 1 1
. —=0C, »w: X, =— =00 Do X, =—
JCotr P jCaw = JjCew

CC'_}I':XCEZ —3 [}

7.5.3. Phin tich mach khuéch dai & tin s6 thip

~ Viing tin s6 thap qua khéo sét thi céc tu ngoai Ce, Cs, Ce dnh huéng
nhiéu dén d6 réng dai biang tin cta hé thong.
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a) Mach khuéch dai ding BJT
Xét mach khuéeh dai nhur hinh 7.60

Hinh 7.60. Mach khuéch dai

Céc ty lién lac Cs, Ce va ty bypass Cg s& xdc dinh dép img tin s6 thip
cua mach khuéch dai.

# Xét dnh hudng chaa tu Cs:

i V, ta co so do

R +R,
trong duong cia mach chung CE ¢6 tinh Anh hudng cua ba tu nhu hinh 7.61.

Tai tin s6 trung binh va tin s6 cao: V, =

. I L- . |

Hinh 7.61. So do twong dwong mach mdc chung CE

Tai ving tin sb thdp, khi xét dnh huéng cta tu Cs 18n mach, ta coi
Cr— va Cg—oo, toan mach hinh 7.61 sé& bién d6i thanh mach twong duong
nhu hinh 7.62.

256



GIAO TRINH BIEN TIF CO’ BAN CHUONG 7

2, ' 3
y, 8 :
L
|
e
¥ I [ I
£, I i
¥ I' .
2 MRl §In,.,,—ﬁ;,
l.-*_;

Hinh 7.62. Anh huong cua tu Cs
Ta co: R =R IR, h,
R

V, = ' V,
Ry4Re~ 3K

1
~22(R, +R,)C,

Dién &p ngd vao ciia mach khuéch dai giam di 70,7% hay 3dB tai tin
s6 ndy, do d6 dién 4p ngd ra ciing gidm di 3dB.

»# Xét dnh hwéng cia tu C¢ (bé qua dnh hwéng eia tu Cg va Cg):

Tén s6 cit dudi cta mach la: P

R L i":r.l

i_ e I
I I [ |1
| i
| i ﬂt
& Re R | v,
| | et
| | R
| |

Hinh 7.63. Anh huéng ciia tu Ce
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1
27(R, +R,)C,

Xét inh hwéng ciia tu Cy: anh hudng cia tu Cg 18n ving tin sb thap
ta xét hinh miii tén bén trong tu bypass Cg nhu trong hinh 7.64.

voi R, =R.lr,

Tén s6 cit dudi cia mach 1a: f,,. =

lﬁ"‘-E
K,
— +F
ol 5
: VA =
T

T TATS
l“-'!l:":l
1l
F ]
™y
m

Hinh 7.64. Anh hieong cua tu Cg

Goi R. 14 tong tr& twong dwong nhin tir hai dau tu Cg, theo thevenin
hinh 7.64 ta co:

R! i
R =R,I [?“HJ voi R =R, IR IR,
1

2aR C

The-:u tinh toan nhu' trén cac tu ngﬂ.?u CE, Cs, Cg anh huémg dén ving
tan ﬂ{} thap ctia ham truyén lam hep lai ving tan s6 trung binh. Ta phéi chon
tin s6 cit duong clia mach khuéch dai dud anh hudéng cac tu Ce, Cs, Cg 1a:

.}LL :f;nm (fll:'ﬂ!ﬁ:'ﬁ’f;:z)

Thong thudng, ving tin sb f; ndy c6 gia tri 16n hon fiy (14 thn sé cit
dud cua bd khuéch dai khi khong tinh dnh hudng cua tu Ce, Cs, Cg)

Tén 86 cit dudi ciia mach 1a: T
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IdBI
Decude e —I| Bode plot
I'. ':-.:rl-l:I |'
il I J?z 1 FIILC ! I'. .llll-r 'I )

| | \ 1000 ".l. Fllog
el i — - T R LA '\ scaled
=6 = Madbumal

lewel
-0 2048
-2+
=15
-8
el ~1 dBfoctove |
- ¥
\‘"\

Z37 |=
-0 = 12 dBfoctave

Hinh 7.65. Ddp tmg tin so ciia mach khuéch dai trong viing tan sé thap.
Vidu 7.9
a) Xac dinh tin sb cit thip cia mach hinh 7.66 véi cac thong s6 sau:
R =1kQ, R =40k, R, =10kQ, R, =2kQ, R, =4k
R, = 2,2k
C,=10uF, C,=20uF, C,=1uF
f=100, r=0Q, V.,_=20V
b) V& dap (mg tin s6 ding gian dd Bode

Hinh 7.66.

Giai

a) Phén tich DC dé xac dinh dién tro r . mach phan cyc cdu phan ap
DC theo khung (1)

259



CHU'ONG 7 GIAO TRINH BIEN TU CO' BAN

Xét didu kién:
BR, = (100)(2k€2) =200k > 10R, =100k (thoa diéu kién
mach 6n dinh)

R 10kQ(20V) 20«
Do dl’f} VE = IFL‘C ey ( ) W 4V

R,+R 10kQ+40kQ 50
Ta tinh duge I, = Yo aV—UJy  oS5F =1,65mA

R, 2kQ 2kQ

Kétquala r, = fﬁmv = 15,760

fr, = l(}[}(l 5 ?651) =157602=1,576&C

=R |R 4Kk || 2,250
I 1,568

=-90

Do g1 trung binh: 4, =

Téng trd ngd vao:
Z =R =R |R,| Br, =40k |10k || 1,576k = 1,32k(2

Theo so db twrong duﬂ'ng tin hiéu nho xét anh hudmg tu Cs ta ve lai
mach xét tir tu Cs mach khuéch dai mic E chung.

C - T e ——
i P ~

o |
- -

|
|
-

v| 3Re SRm!ghie st gy 3R
|¢ - hﬂlﬂl
) | |
| I
Ly L et e J

Hinh 7.67. So dé twong dwong cia toan mach

RV

Bo qua L—*m taco V,=—
hoe R+R

; . L3I0

=0,569

Suyra —+ = =
V. R+R 132kQ+1kQ2
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Do d6 d6 loi toan mach:
v %Y e
=—=——"=(-90)(0,569)=-5121; hie = fir
Ay vovv (—90)( ) Pre

R =R, || R, || Br, = 40k

| 10kS2||1,576k2 2 1,32k

Xét anh huong cua tu Cs
fo= : = 1 = 6,86Hz

= 27(R,+R)C, (6,28)(1kQ+1,32kQ)(10uF)  ~
Xét anh huong cua ty Ce
fo= 1 = 1 = 25,68Hz

* 27(R,+R)C., (6,28)(1kQ+2,2kQ)(1uF)"
Xét dnh hudng cia tu Ce
R =R, || R,|| R, = 1kS2|| 40k || 10kS2 = 0,889k

R, 0, 889k

R,=R.|||—=+r.|=20Q [ ‘ +15,7602

@ E |[ _,"3 ] || ]{]{] /

= 22 || 8,8902+415,76Q0 =2k02|| 24,650 = 24,350
L]
¥ : ' W 7w

© 27RC, (6,28)(24,35Q)(204F) 308,36
b) V& Dép (g tan s6 bién do

]
“wlm Dhcade Bunke: prlant
o (U]
L ]
U —t 4
o 2 % Y
-6k Y Midhand
9= 0B level
-1
-5
,Ty S
=31 = 4 4B
=34 =
i ™
=M =2 dBjocuve
Hinh 7.68.
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b) Mach khuéch dai ding FET

Tuwong ty nhur viy ta co thé tinh anh hudmg cta Cg, Cs, Cp 1én mach
stt dung FET

akan

225

Hinh 7.69. Mach khuéch dai dimg FET.
Xét anh hudmg cua tu Ce:

@

Hinh 7.70. Anh huong cia tu Ca.
Tén sd cit: fic = 1 VvOiR, =R,
27(R,, +R)C,

Xét anh hudmg cia tu Ce:

Hinh 7.71. Anh hwong cia tu Ce.
1
Rﬂ' = RL )CC

Tan s6 cit fw=2 (
T
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X¢ét danh hudng cia tu Cg:

Hinh 7.72. Anh huéng ciia tu Cs.

A : 1 . 1
Tan sb cit f,, = T, v6i R, =R o
Vidu 7.10
Cho mach nhur hinh 7.73

-
m o,
e U

+ e Co R,

“ ke .

= l 2 0

Hinh 7.73

Vi cac thong sb cho
R, =10kQ, R,=IMQ, R,=4,7kQ, R, =1kQ, R,=22kQ
I,,=8mA, V.=—4V, r=00, V,=200
C.=0,01uF, C.=0,5uF, C,=2uF

a) Xac dinh thn s6 cat thip

b) V& dap img tin s diing gian dd Bode

Gidi
a) Phén tich DC, ta tim dugc Vggo=-2V va Ipgs=2mA
Tinh toin
o = 2ug _ 2(8ma) _,
" 4v
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v 2
2 =3M{1— 1‘:;““}:4;?13[1— W]:znﬂ

3 —4y
Xét anh hudong cia tu Cg
1
= =15,8H7
I 27 (10kQ +10M€2) (0,01 F)
Xeét anh hudng cua tu Ce

1
i = 27 (4,7kQ+2,2kQ)(0,5uF)

~ 46,13 Hz

R, =R, |~ =1 ﬁ — 1k02|| 0, 5k = 333,330

i

Xét anh huong cua tu Cg
1
= =238, 73H:
s 27 (333,33Q)(2uF) T

b) D6 loi tai viing tén s6 trung binh duge xdc dinh

v
o =I}'=—gm R,||R, =— 2mS 4.7k 2.2kQ =— 2mS 1,499k =~-3

I

Do d6 ta vé& duoc dap (mg tin s6 nhu hinh

A, Figure
L FEEpOTE
w0y tian of
Baode plai
i
l"i.ﬂ f‘-r_ I.“-T
1 - — |
ol 1 10 fileg
ak salel
- = & ¢ Biociae
o =20 d Bihoch:
] ".huui Trewibeie s FEs s
12
—Br -12 dBicectave
1= =40 dBMee e
=21 %=
Hinh 7.74
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7.5.4. Phén tich mach khuéch dai & tin s6 cao

O ving tin s cao, cdc tu ky sinh c6 trong linh kién bén dén va hiéu
img ty dién ctia ngd vao, ngd ra cia hé thong s& anh hudng rat nhiéu dén fiy,
1am suy giam dai bing tan cua b khuéch dai.

a) Mach khuéch dai ding BJT
Xét anh hudng cua cac tu ki sinh hinh 7.75

Voo

Hinh 7.75. Xét anh huong cua dién dung ki sinh trong transistor.

Do céc chuyén tiép Jg vi Jc hinh thanh céc tu giira céc cuc C, B, Eta
cO hinh 7.76.

i
oo
ey

—Fﬂf':? p | Chey
% l, b M

1 |
Fye = E ‘i TC&I} g = 'hm-

Hinh 7.76. M6 hinh twong dwong ciia BJT ¢ tan so cao.
O tan s cao, ta c6 thé bo anh huong Ce, Cp, Cs va tinh thém anh
hudmg hi¢u (mg ngd vao cua Miller va ngd ra ta ¢d hinh don gidn tuong
duong nhur hinh 7.77.

NEE pl
'n-: s 1"- - Fgs f‘l E.k I'
X Em Voo~ BmPael b _]’rm-'d ]
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C’- - Cwﬁ = FF"-: : FM i C"" o CWL:- + C{E L c:” o
R, 3
AN . ' -l
% = l
Fj_ % Rl ||H: h E}_ C‘

Hinh 7.77. So do twong dwong ciia mach khuéch dai tai vimg tan s cao

Trong d6:

~  Cywi, Cwe: dién dung cia diy dan lan lugt & ngd vao va ngﬁ ra clia
mach khuéch dai, thudmg céc dién dung nay rit bé cé thé bo qua.

—  Cy vi Cy, dién dung do anh huong cia hiéu img Miller 1an lugt
¢ ngd vao va ngo ra.

Cuu = (1-4,)C,,
CM.’.! = CFJ':'
Tir 46, ta dua v& mach twrong dwong Thevenin nhu hinh 7.78 d6i véi

ngd vao va ngd ra.

RThI=RS”R|“RE |IR! RT‘I‘I2=RC”RL” rﬁr
——AMN——

Al
1
A

(a) (b)

Hinh 7.78. Mach twong duwong Thevenin.
Mach loc théng co:

. 1 :
Tin s6 cit cao ngd vao: f, =——— véi =R IRIR IR
g fH: ZJERH]C!- R'TH kY 'RI RZ i
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; 1 :
Tan s6 cit cao ngd ra: f,, =——— Vi =R. IR, llr
g fHa mmzc Rﬁ!l RC L

Dép (g tan so clia mach trong hinh 7.79 bicu dll;'.’:'l’l anh hlur{“:fn;Er cla tu
tuong duong C; va C, cha mach khuéch dai 1én ving tin b cao ciia dai bang

tan. Thuong thi tu C; anh hudmg 1am gidm bing tin cia bd khuéch dai.

Ll

R 5 i, L
1 Lol A lan te 1 kH=z 1n E:H! |‘IFIRH? '\ M"? lr.."' L1} f'\-"r.F!T (L4 4] I“"a

-

: Filog scale)

Sia e

! +20 d B decads

! oy
2 —12 dBfocave y ! ]
o I| 3 -.I .

Hinh 7.79. Ddp vimg tan so ciia mach khuéch dai.
Ta ¢6 thé chon dugc dai bing tin (BW — Band Width) cho bd khuéch
dai dud dnh hudng cia cic tu Ce, Cg, Cg va cac tu ky sinh nhur sau:

o= Fl B to it )

fu= fun\ P, 172, )

BW =1fy-1L
Trén hinh 7.79 doan BW =1, — [
Vi du 7.11 Cho mach nhu hinh 7.80
Vi cac thong s6 nhu da cho ¢ vi du
R, =1kQ, R, =40k, R, =10kQ), R, =2k, R. =4kQ, R, =2,2kQ
Co=10uF, C.=1uF, C, =20uF
B =100, , =€, V.. =20V

Va C,, =36pF, C, =4pF, C,, =6pF, C, =8pF
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P +

i

Hinh 7.80
a) Xac dinh fi; va fi,.
b) V& dap (ng tan s6 cho ving thn sb thdp va tin s6 cao ctia mach.
Gridi
a) Tur vi dy, ta xac dinh
Téng trd ngd vao va do loi trung binh:
R, =1,32k0), A (mnpf{ﬁer) =90

R, =R, |R || R, || R =1kE2 || 40kS2 || 10KC2 || 1,322 == 0,531k2
C,=Cy +C, +(1_AV)C}M =6pF +36pF +[1—(‘—9ﬂ)]4pF =406pF

}. & el %
Tan s6 cit cao ngd vao:

1 1
- = — 738, 24kHH
1= 2Ry G, 27(0,351K52) (406 F) :

R, =R_| R, =4k 2,2k0=1,419%

.;\. |i & Lo
Tan so cat cao ngo ra:

268



GIAO TRINH BIEN TIF CO’ BAN CHUONG 7

1 1
fo= - — 8, 6MH;
27R, C,  27(1,419kQ)(13,04pF)
b) Pap (g tin s cuia mach
S, 18
| I0LHz  100kHe \IMH: /10MHz  100MH: .
0 | I'II..I}_..:JI:, ; Fikeg scale)
. I BW I'll \ II.I
i | ~6dBictave
=M [— ,-"- ﬂ,/’.’f
15 -.- l'wl .
i f-"l 12 dBiostve '-,\ \"'. I'.,I
Hinh 7.81

b) Mach khuéch dai ding FET
Xét mach khuéch dai nhu hinh sau:

o ¥op

Hinh 7.82. Anh huong ciia tan sé cao ciia mach khuéch dgi dimg JFET,

Ciing twong tw nhu BJT, khi hoat déng & tAn s6 cao cdc chuyén tiép pn
trong JFET ton tai cdc dién dung chuyén tiép. Ta c6 so dd mach tuong
duong cia mach khuéch dai dung JFET & hinh 7.82 nhu sau:
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Hinh 7.83. So d6 mach tuong dwong tai viing tan s6 cao.
Ap dung dinh 1y Thevenin, ta ¢6 mach tuong dwong nhur hinh 7.84.

R"n-n =RSig| |RG ng=RD|1RL| |}‘d
AN A
+ -
Eth == Etha =
B 4
(a) (b)

Hinh 7.84. Mach tuwong duong Thevenin.

1

Tan sb cit cao ngd vio: W,
g fH: E?E_leci

v6i Ry, =R, | R,

i

. 1
Tan s6 cit cao ngd ra: = i =R IR, Il
£ Vi 2R C. Ry p Wy HF,

Vidu7.12

Cho mach nhu hinh 7.82 véi cac théng s6:

C,=001uF, C.=05uF, C,=2uF

R, =10kQ;, R, =1M€), R, =47k R =10, R =2250

I..=8mA, V,=-4V, r=wQ), V=20V

C. =2pF, C,=4pF, C,=05pF, G, =5pF, G, =6pF

i;'l_} Xac l‘.ilI].h in va fH{,

b) V& dap mg tin s6 cho ving tin s6 thap va tan sb cao ciia mach.
Gidi

a) Tur vi du, ta xac dinh dugc
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R, =R, || R, =10kQ| 1M Q=99

A, =-3
Dién dung ngo vao:
C,=Cy+C,+(1-4,)C,,
=5pF +4pF +(1=3)2pF =9pF +8pF =17pF
Tén s ciit cao ngd vio

1 1

= = 45,67kH:
Iu, 27R,C, 2;r(9,9m}(1?pF)9 e

R, =R, ||R, =4,7k2||2,2kQ21, 5k
C[i =C“:| +C:I'r1+CM|| =6PF+ﬂ,5ﬂF+[1—%j2pF=9,I?PF

Tén sb ciit cao ngd ra

1 !
I = 3R, 22(0.351k) (4065F) :

1
- =11,57MH:
=2 (1,5k€2)(9,17 pF ) -

Ta chon fi;; = ;= 738,24 kHz 1a tin s6 ¢t cao ciia mach khuéch dai
cd anh huong cla tu ky sinh,
b) Pap tmg tin s6

B o e . R
= N S _I_,l' .- ——— a :":"\q._____
TRk, (R T 17 = §i<ir =y
nst ey A
7 b % :
A - i
JI,-". l. i Y
L oL R
/ Baie
; i i
% i U
5 - e '-'.' Pt
7 ! I\,III
i E | !
s \ |
L ER gy
e X
ol :
b ! i
i 7
]
:i 52 B R i b : e ML (g F A AR 8 B RS Ak S A A S S
ilmr s [ Lot [Roe S ] L. 1l
el ol ARRFERL ST
TENTLEEE [ PR T ':ﬂ.l;u,-:.ﬂrﬁm'f.__ """ AT

Hinh 7.85. Pap img tan sé két qud tinh todn.
2M
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7.6. BAI TAP
Phén I: Xéc dinh céc théng sb ciia mach khuéch dai BJT

7.6.1. Cho mach dién nhur hinh 7.86
a) Xac dinh Z;, 7,
b) X4c dinh A,, A,
¢) Xéc dinh Z;, Z, khi ¢6 17=20kQ
d) Xidc néu A;, A, khi ¢6 1=20K®

7.6.2. Cho mach dién nhw hinh 7.87, xéc dinh dién 4p Vee dé& A,=-200

12V

1 ML [ ¥,

Hinh 7.86. Hinh 7.87.

7.6.3. Cho mach dién nhu hinh 7.88

a) Tinh I, I¢, vare

b) Xéc dinh Z;, Z,

¢) Tinh Ay, A;

d) Xéc dinh A, A, khi xét dén anh hudng cua r, = 30kQ
7.6.4. Cho mach dién nhur hinh 7.89

a) Xac dinh tinh diém Q

b) Xéc dinh céc tham s6 xoay chiéu cia mach néu cho r, = 40 kQ

tinh lai céc tham sb.

¢) Néu cho ry = 40kQ tinh lai cdc tham s6.
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10V

Ve =16V

e |
¥
90 kL)
—_—
Z,
+10V

Hinh 7.88.

Hinh 7.89

7.6.5. Cho mach dién nhu hinh 7.90, xc dinh dién 4p Vecnéu A, = -

160 va 1, = 25kQ)

F';-f =Y

© Ver
3.3 K0}
B2 k02
7,
Cc
vie—il p=100
Ce L fe—)

g 5.6 k0 - . =
| l
Hinh 7.90.
7.6.6. Cho mach dién nhu hinh 7.91
a) Xac dinh r,
b) Tinh Vg, V¢
¢) Xac dinh Z; va A, = VJ/Vi
7.6.7. Cho mach dién nhu hinh 7.92
a) Xac dinh r.
b) Tinh Z;, Z,

Hinh 7.91.
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¢) Tinh A, A;
d) Lip lai cdu b) va ¢) voir, =20 kQ

oY Gl
2.2 kil
§3ﬂi}kﬂ lfn B2 ki
I—Ol'=1 R;
| S
V.0 il B=140
i i - il =120
LI ro= 100k Fo 1l | Jf:ﬁkﬂ
g
— L2k L
£ R
=
Hinh 7.92. Hinh 7.93.

7.6.8. Cho mach dién nhg hinh 7.93, x4c dinh dién tr& Rg va R néu
Ay=-10 var, = 3,80, ga sir ring Z,=fRg

7.6.9. Lip lai cac yéu cdu ctia bai 8 néu dién trd R bi bypass (ndi tit).
7.6.10. Cho mach dién nhu hinh 7.94

a) Xac dinhr,
b) Tinh Z, 7,
c¢) Tinh A, A,
16V
/e 270 k02
Ko Cil
2 =110
5 el _[: f,nsnm
1
i Tt
= .,
iz.?m e
Hinh 7.94. Hinh 7.95.

7.6. 11. Cho mach dién nhu hinh 7.95
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a) Xac dinh r, va pr,
b) Xac dinh Z;, Z,
c) Tinh A,, A;
7.6.12. Cho mach dién nhu hinh 7.96
a) Xac dinh Z;, Z,
b) Tim A,
b) Tinh Vo, néu Vi= 1 mV

12V
., o
= 390 kQ T i, %
56k
Z,
i -8V
Hinh 7.96.
7.6.13. Cho mach dién nhu hinh 7.97
a) Tinh Ig, Ic
b) Xdéc dinhr,
¢) Xacdinh Z;, Z,
d) TimA,, A,
7.6.14. Cho ciu hinh mach khuéch dai CB nhu hinh 7.98
a) Xac dinh r.
b) Xac dinh Z,, Z,,
¢) Tinh A,, A;
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+H Y =10V

Hinh 7.97. Hinh 7.98.

EV

12V
k
39k0
220 k2
AN | —
—
z
po—| | n
— B=120
4 r, =40 k)
e e
=
Hinh 7.99. Hinh 7.100.
7.6.16. Cho mach khuéch dai phan cuc hi tiép Collector nhu hiA00
a) Xac dinh r.
b) Xac dinh Z;, Z,
¢) Tinh Ay, A,

7.6.17. Cho mach nhu hinh  7.101, vair =109, =200, A,=-160,
A;=19, Xac dinh R, Rg, Vee

7.6.18. Cho mach nhur hinh 7.102
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a)Xac dinh Z,, 7,
b) Tim A, A;

—AAA——AAA—— i
= 10 uF FaE e
‘:f.-.
! L2
v I~ =
L I]!F by remi5ka
£
-
Hinh 7.101. Hinh 7.102.
7.6.19. Cho mach dién nhu hinh 7,103
Xic dinh Z;, Z,,, Ay, A
[ERY
|
5B kL ZIREL
i, hp =—0,002
:‘ — isTHD,
= O s 2y f—
Tpr ‘o ﬁ#:zl:igm T 1 pF IJ" e pF B3
T i - ; - 1,2 ki3 f?.?\ﬂ = :
i 4 av izv &
Nl T
I ' -
Hinh 7.103. Hinh 7.104.

7.6.20. Cho mach dién nhu hinh 7.104
a. Xac dinh Z;, 7,
b. Xac dinh A, A;
¢. Xac dinh a, B, 1., 1,

7.6.21. Cho mach dién nhu hinh 7.105
a) Xac dinh Z;, 7,
b) Xac dinh A, A;
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7.6.22. Cho mach dién nhu hinh 7.106

a) Xac dinh Z;, 7,
b) Xac dinh A, A;
Ny B, =9450
By =037
By = RS LAY
; Bym
i T .
ATk 'J,G —"W'u—" & ij ‘_‘ “ _f_
—f— iuF JuF
| Bk :h- 5 pF =140 e §
A | - 3 | 2% 22 kiE
Naor e BEd PP -

-

' By =258 & - &
L B i £ v = Y
¥

A

Hinh 7.105. Hinh 7.106.

Phin II: X4c dinh céc thong 6 cta mach khuéch dai FET
7.6.23. Tinh guo cta JFET c6 céc thong s6 Ipss = 15mA va Vp=-5V

7.6.24. X4c dinh dién 4p thit kénh ciia JFET ¢6 g o=10mS va
]-DSS= | ZITLA

7.6.25. Mot JFET ¢6 cac théng s6 g ,0=5mS va V p=-3.5V, xdc dinh
dong dién tai Vgs=0V?

7.6.26. Tinh g,, ctia JFET ¢0 (Ipss = 12mA va Vp=-3V) tai dp phén cuc
Vos=1V

7.6.27. Ml‘?lt JFET {ZI‘E) g.,;ﬁms tE_ii V{}5Q=-] V, Tim gié. tI"l dl'?_'ll'lg [Dgs néu
Vp=-2.5V

7.6.28. Sir dung dic tuyén nhu hinh 7.107
a) Xac dinh gid tri g,
b) Xéc dinh g,, tai Vgs=-1.5V trén dd thi

¢) Xac dinh g, tai Vas=-1.5V bing cong thirc, so sanh két qua vdi
ciu b)

e) Xéc dinh g, tai Vgg=-2.5V trén d6 thi

f) Xéac dinh g, tai Vs=-2.5V bing céng thic, so sanh két qua voi
ciu b)
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& ip (mA) i T
i
10 B FapmO¥
]
b
7
1]
5 1%
id
3 %
) A v
i 1
il WY SR T : SLp
=5 -4 =3 = =l 0 Vs (V) [ R ] rl. : |Is |:. T |I |!.' 1 |I-| |I-\. i |I'. |I- :Il:l ::I:- : Fag ¥
Hinh 7.107. Hinh 7.108.

7.6.29. Sir dung dac tu}'éll nhu hinh 7.108
a) Xac dinh g‘lii tri ry tal Vge=0V
b) Xdc dinh gia trl g, tai Vps=10V

7.6.30. Xdc dinh Z, Z,, Ay ciia mach hinh  7.109 néu I pgs=10mA,
V=4V, 1= 40kQ

+18WV
%I.Ekﬂ
.
Ve -
o -
1 MLX
T
1.5V
+ -
Hinh 7.109. Hinh 7.110.

7.6.31. Lap lai bai tip s6 30, Xac dinh Z 1, Zo, Ay ciia mach hinh 7-
lﬂﬁ, néu IDSS= I“Zmﬁx, Vp=-ﬁv, ¥Yog= 40 IJS-

7.6.32. Xac dinh Z, Zo,, Ay ciia mach hinh 7.110 néu y+=3000 mS,
yos= 30 uS

7.6.33. Xé4c dinh Z;, Z,,, Ay ciia mach hinh 7.111 néu Ipgs=6mA, Vp=-
61‘&?, Yos= 4[] I_IS
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+20V

=% e
yie—y} 5 I
?
z | M£2 11 MQ
Hinh 7.111. Hinh 7.112.

7.6.34. Xac dinh Z;, Z,,, Ay cia mach hinh 7.112 néu V,=20mV va tu
dién Cs bi g& bo
7.6.35. Xac dinh Z;, Z,, Av cia mach hinh 7.113.

20V
+‘2u '|~r 3-3m
fm'=9m Im-—“ﬁmﬂ
" Fp==45V V.o " : Vp=—6V
Fr—]l ry =40 k) ! rg=30 ki
—— ’ Il ’
7 I_e, b — o),
1M ” 2, 10 MQ it
20 *7 1.3k F3
Hinh 7.113. Hinh 7.114.

7.6.36. Xac dinh Z;, Z,, Ay ciia mach hinh 7.114
7.6.37. Xdac dinh Z;, Z,, Ay ciia mach hinh 7.115 néu V;=0.1 mV

+2Z W
FISV
B
g a1 M 2.2k
3.3 ki
s o .
be—Yp—s = e g
— Ipg=8mA 7 % lia Ipgs=T.5 mA
L5k Fr=-28V 2 Mg (Te =AW
rg= 40 ki I '
- T T
Hinh 7.115. Hinh 7.116.
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7.6.38. Xac dinh Z;, Z,, Ay cia mach hinh 7.116 néu r=33kQ
7.6.39. Xac dinh V,, ciia mach hinh 7.117 néu y,=20 uS

+22'W

+Jﬁ\-’

FP——S v

¥i=2mV "b m'-iﬂ 10 MO

Hinh 7.117. Hinh 7.118.
7.6.40. X4c dinh Z, Z,, Ay ctia mach hinh 7.118 néu rg=60 kQ
7.6.41. Xac dinh Z;, Z,, Ay cia mach hinh 7.119

+20V
o
+HIEY

o1 Ml

10 ML2

$ ' r.TndrSH'l
% —It_o F.Ju' Ko

Hinh 7.119. Hinh 7.120.
7.6.42. X4c dinh V, ciia mach hinh 7.120 néu V=4 mV

7.6.43. Xac dinh g, cia MOSFET néu V asimy = 3 Vva duoc phén cuc
& Vaso=8 V, gia sirk =0.3x107,

7.6.44. Xac dinh 7, Zo, Av ciia mach khuéch dai hinh 7.121
Néu k =0.3x10
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120V H6V
10 ke 220
22MQ
v it
10MQ -
Fosmy=35V ] 0
P,o—]|—4| =03 % 10-3 vio— Vostn=3 V
Yo =3I 8 s ry= 100 k2
zf
-
Hinh 7.121. Hinh 7.122.

7.6.45. X4c dinh V, ctia mach hinh 7.122 néu V=20 mV

7.6.46. Xic dinh V ;, ctia mach hinh 7.122 trén néu V; = 4 mV, Vasem
=4V "v‘gl. [D(nn) =4 mA "u'(fl'l Vﬂs{nn} =7Vva Yoz = 20 j.lS

7.6.47. Xac dinh V, ctia mach hinh7.123 néu Vi= 0.8 mV va ;=40 kQ)
7.6.48. Cho mach dién nhu hinh 7.124

a. Hay xé4c dinh ham truyén bién do % :
b. Ding két qua & ciu (a) hiy xdc dinh ham truyén bién dd :,

tai tin s6 100 Hz, 1 kH, 2kHz, 5kHz va 10kHz va v& dudng
cong dép g tin s ndm trong dai tin s tir 100 Hz dén 10 kHz.

_— F o .'q. ‘l:" i
c. Hay xdc dinh tan s6 cat ciia mach.

240 MO i_j_
I’
Vearm =3V 0.068 uF
°—i|——°—| k=04 10 " it ¥
- i + +
Jﬁ g iﬂ MLl VJ |.1 kﬂ. Vn
- P i &
Hinh 7.123. Hinh 7.124.
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7.6.49. Cho mach dién nhu hinh 7.125
2. Hiy xéc dinh gié tri dién tror 7, .

b. Hay xdc dinh hé sé khuéch dai tai tin s6 trung binh
%

i

-

Apia =

¢. Hay tinh tong tré vao Z, .

d. Hay tinh cc gid tri tin s& f,, f,0, fip. Hiy xdc dinh tin s6
cdt thip ciia mach.

IERY

‘I Cy, = SpF Cpe = 12pF

e Cy = &pF €, = M pF
.= apF

g-ﬁb{ kLY
0,82 ki

1".. Lt T s ot
047 pE 2

I L

Hinh 7.125,
7.6.50. Cho mach dién nhu hinh 7.126

a. Haiy xéc dinh gi4 tri dién tréy 7, .
b. Hay xdc dinh hé s khuéch dai tai tin s6 trung binh

c. Hiy tinh tong tré vao Z, .

d. Hay tinh cac gid tri tin s& f,¢, f,o, fip. Hiy xdc dinh thn s6
cdt thip ciia mach.
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G & pF
Oy, = 20 pF
= LikpH
Hinh 7.126.
7.6.51. Cho mach dién nhur hinh 7.127
a. Hay xacdinh gia V.., val,,.
b. Tim gid tri g, vi &,
c. Hay x4c dinh hé s6 khuéch dai tai tin $6 trung binh
V
Aus =37
d. Hiy tinh tong trér vao Z, .
= g : LA
e. Hay xdc dinh hé s6 khuéch dai A, =—= .
5
f. Hay tinh céc gid tri tin s6 f,;, f,.. f,;. Hiy xéc dinh tin s6

264

cit thap ctia mach.

3.9 kL)

Hinh 7.127.
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7.6.52. Cho mach dién nhu hinh 7.128

a. Hiy xac dinh gia Vo, va I,,.

b. Tim gia tri g, va g,

c. Hay xdc dinh hé s6 khuéch dai tai tin s6 trung binh
Vv

ir

V.

Avig =
d. Hay tinh tong tré vao Z, .

e. Hay xéc dinh hé s6 khuéch dai A, = % .
5

f. Hay tinh céc gid tri tin s6 fiz, fic. fis- Hay xéc dinh tin s6
ciit thap ciia mach.

1.5 k2 ¥
LaF

Hinh 7.128.
7.6.53. Cho mach dién nhu hinh 7.129

a. Hiy xéc dinh tin s6 cit trén ngd vao f,, vingdra [, .
b. K&t hop bai 50 v& dép mg tin s6 cua mach khuéch dai.
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Hinh 7.129.
7.6.54. Cho mach dién nhu hinh 7.130

a. Timgiatl g va g

b. Hiy xdc dinh hé s6 kd A, va hé sb khuéch dai tai tin sb trung

_Vﬂ

binh A, .

c. Hay x4c dinh tin s6 cit trén ngd vao f,, vangdra [, .

BY Gy, =3pF E}J= 4 pF
f.H,.p=5'pF ar = O pF
O, = 1pF

T kil
4.7 LF

Hinh 7.130.
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Chwong 8
MACH KHUECH DPAI GHEP LIEN TANG

8.1. GIOI THIEU
» Tong quan

Cac mach dién tir thudng bao gbém nhiéu ta:ﬂg khuéch dai ghép ndi
tiép nhau de ning h¢ s6 khuéch dai cua mach hay dé phéi hop tré khang.
Mdi mot t:mg khuéch dai c6, thé dimg mdt hay nhicu transistor dé thyre hién
nhiém vy riéng. Dé ghép nbi tiép nhidu ting khuéch dai c6 thé ding mdt
trong ba cach ghép nhu sau:

— Ghép bing tu lién lac (ghép RC).
— Ghép bién 4p.
— Ghép truc tiép.

So d6 khoi ciia mach khuéch dai bao gém nhiéu tdng khuéch dai nhu

hinh 8.1.

Hinh 8.1. So dé khéi ciia mach khuéch dai,

Khi ghép céc ting khuéch dai véi nhau, phai bao dam céc yéu cau sau:
— Céc tang khuéch dai phai ¢ trang thai khuéch dai.
— (C6ng sudt cua céc tAng phai én dinh.

— Phai phdi hop turong ddng céc hé sb khuéch dai cta céc ting khuéch
dai d& bao ddm tin hiéu ngd ra khong bi méo.

— Phdi hop céc dai théng cua céc ting khuéch dai twong duwong nhau.
— Phai phdi hop tré khéng ZO(n-1) = Zi(n).
» Céc thong s6 ciia mach khuéch dai ghép nhiéu ting

Hé s6 khuéch dai dién 4p:

A, =A, xA, XA, xxA, (8.1)
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Hé s6 khuéch dai dong dién:
z!'
RL

A =A xA xA x-.xA =-A,
(8.2)

Tong tré ngd vio ciia bd khuéch dai tdng bing tong tré ciia thng
diu tién tinh tir ngudn tin higu:

V.
e zer
I (8.3)
Tong tré ngd ra la tdng tré ra ciia tAng cudi cling ghép vdi tii:
Vv
Z,= I_ﬂ Vil za“
0 (8.4)

P4p g tin s6 ciia mach khuéch dai ghép ting:

Mot mach khuéch dai gdm nhiéu ting khuéch dai ghép v&i nhau thi
d4p (mg tin s6 cia toan mach khuéch dai s& bi anh huéng boi dép (g tin
s clia tat ¢ cac tang khuéch dai trong mach.

Vi vily, tén sb cdt duéi cia toan bd mach khuéch dai duge dinh boi
tng khuéch dai c6 tin s6 cit dudi cao nhét, va twong tr nhu vy tin s6 cit
trén ctia toan bd mach khuéch dai duge xdc dinh béi ting khuéch dai ¢6 tin
s cat trén thdp nhat. Pidu nay duoc thé hién rd trong hinh sau

N

e Fe
T e o s R*\\_ Filog scala)
(] i

R I Foode o
{(n=11{n=21{r=3) in=3)n=2rn=1)

Hinh 8.2. Anh hudng ciia sw gia tang s6 tang khuéch dai dén tan s6 cdt va
bang tan ciia mach khuéch dai
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Trong do6:
f =min {fm‘}
fp = max {fﬁ}
BW =fa~1;

8.2. MACH KHUECH PAI GHEP BANG TU LIEN LAC (GHEP RC)
8.2.1. Gidi thiéu
Mach khuéch dai ghép RC nhur hinh 8.3.

Pé khio sat mach, ta phai khao sat ché dd DC cia mach (Q,, Q-,
DCLL) cho mach véi Q, 1a mach tiép xtic véi tai, Phan tich mach & ché do
phan cyc DC (nhu chueong 4 va 6) va cdc tham s6 xoay chiéu ctia mach.

Vee
O

e
Pt
\Af'l\r
A,
I

——+o o
vi Q }f_ge: éRL
Ao

-

e
—
—

.;,,|=
|
I

Hinh 8.3. Mach khuéch dai ghép RC.

Céc tu lién lac c6 tri sb tiry thude vao tin sb cia tin hiéu dugc khuéch
dai trong mach. D6i vdi tin hiéu 4m tan, ty lién lac thudng c6 tri s6 tir 1uF
dén 10uF, cac tu phan dong hay tu bypass (Cg) ¢6 tri $6 phu thude vao Rg
thudmg tir 10pF dén 100puF dbi véi tin hidu Am tén.

8.2.2. Khio sit cac thong s0 clia mach & ché do AC

Khio sit mach khuéch dai ghép RC nhur hinh 8.3, ta ¢6 so d6 tuwong
dwong tin hiéu nhé cliia mach nhu hinh 8.4,

Diy la mach ghép c6 hai ting ta phai xét nguoc tir ting Q; dén Q,.
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Xét dong AC vao mach ta ¢6 tu Cg ndi tit do d6 trong so dd twong
duong tin higu nho khong ¢6 Rg,. Ta phai xét ting cudi trude tién sau do xét
céc tAng 14n luot vé phia ngudn.

Rg hlep ® RL]
hte

LTI T 1]

e
v
v ]
T AW
=,
T
o |
.!—'\\.."l
v
-
]
N el
a
-
i O re— ek

™y

—_— e
== =

Hinh 8.4. So d6 twong dwong tin hiéu nho.
» X6t ting 2:

So d6 twong duong tin hiéu nhé ting 2
I

Vin®© 1

Zin X
#
*

e T )
1
i
&)
™, AN Nl
"o
P
—
' N &
) :
[ ]

| ; . | s
Ta xem dién tr& gitra hai cuc CE cia BJT ﬁ—rﬁt I6m gan bing vé

cling,
RE — R]JFJFRZ
o Tong trérvio: Z,, =R /IR, 1 b= R, Ik,

e Tong tré ngdra:Z, = Bl Loym R it = =~ R,
I hoe

o V=l
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By, (Rey /[ R,)
ki'el

e He s6 khuéch dai dién dp: A, =-

> Xét ting 1:
So dd twong duong tin hiéu nho ting 1

li
Vin® 1 o Vout
. l Ib I':'T .
a Ri1=7n
> Re 2 hie C’) Rea % 7
‘ hfe. Ib M
T =
e Tong trd ngd vio
V.
L=—=Z =h_ R,
I. iy 4 .
i = 7Zil
o Tong tr ngd ra
Z, = Yal o 2 R,
Lo lvica hoe
e Hé s6 khuéch dai dién 4p
AV . h_r'el (RL'I ﬂ Zil)
: hiel
Hé s6 khuéch dai dién 4p toan mach:
A, = Ay XAy
Hé s khuéch dai dong dién toan mach:
I Yo . % Z
Af =_n=A?-|.x|4.i-2=_DI !=AV d
I, RV R,
%
I, =1 =—37S
i R +2Z
SU}" Ta: _a":'j.1= ﬁhIS
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8.2.3. Ddp trng tin sb clia mach ghép RC

i-" 3 Fanwiol '_i {Parasitic capacitances
i Clec | f&-‘i L vk HI-II] aclive
J'I-,,_ — et _I_ e devices aml Ir\|.-:|||||.-:r||.._-r

_"--..,‘k dependence of the zain of

S e the trunsistor. FET, or tub)
&
Mid-fregquency |

High-Trisquency

L

: I | o]
10 o lon 100 1, TN 1 ML LOMHZ f{lag scale)

Hinh 8.5. Pdp iimg tdn s ciia mach ghép RC

8.2.4. Uu va nhuge diém ciia mach khuéch dai ghép thng RC
» Uu diém

Dang ghép nay c6 ru diém 1a cach ly DC gitra cic ting khuéch dai.
» Nhuoc diém

Do diic tuyén tan s6 1a tong hop céc dic tuyén tin s6 cua timg thng vi
viy do lgi bing théng ciia toan mach gidm so voi timg tang thanh vién. Viée
ghép RC con giy ra sai 1€ch pha gilta tin hiéu vdo va ra lam méo pha tin
higu ngd ra. Néu mach khuéch dai khong can dé chinh xéc cao, ngudi ta van
sir dung mach ghép RC véi nhimg wu diém chinh.

8.2.5. Vidu
Cho mach ghép ting RC nhu hinh v&

Ves
| ’
C1.2KQ L
RBas Reg . “MARp
5HKL) i T J |f +
C, ‘ 10dP ‘ W
A . o Ju
T _L‘Qu =L}
10uF
| | L 10K
| | B %
e Hy b i Re ¢ -XR-E B i :’: K, Vo
':'HL**) KOS Re 2 i £ 5606 ' '
g : 2200y 100u 1.BMLY ' 100uF
J ‘ |

292



GIAO TRINH BIEN TIF CO BAN

CHUONG 8

Vo Q) la transistor loai Si, B = 100. Q, ¢6 Ings = 9mA ; Vp =-4.5V.

a. Tim diém lam viéc cia Q1, Q..
b. Viét phuwong trinh dudng tai DCLL, ACLL cua Q.
c. Tim 7, Zoo A

d. Tim bién d§ tin hiéu ngd ra cuc dai khi chua bi méo dang.

Bai gidi
a. Phén tich mach & ché dé DC
Xét tang 2:
Vun]
>Rp
S
I "l.-"_:l
""IF
e .1 { Ipss =9 mA
) Ve=-4.5V
>Ra 2 Rs

l-\.\\'\'-
Ta c6: do dong dién I =0
Vas =Ve— Vs =G_I£1R.‘i =

2
M
I,= jﬂ.&'.&{l _fJ

r

R

)

Gidl hé phrong trinh trén ta dugce: Ip Vg
Voo = (Rp + R )T, + Vg =16V

=> Vps = Voo — (Rp + Rs)lp
Vay Qa(Inga, Vises) = (3.2mA, 7.5V)
Xét tang 1:
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vCC Ve
] T
<
2 Rc 13 t?h
Rgi |
e 1 R |
é Rs: % Re o 5,"“
3 7
Ve =V x R, = 1 =24 ;
R +R, 10+ 47
10x 56
R.=R_, /IR, = 0756 =8.5K()
| P
P i g5 BE =5.6(mA
e =Plgp ﬁﬂﬂg+{ﬂ+1]RE (mA)
VCE{.} =Vee — IE‘QE(RE +R.)=7.9V

Viy Qi(Icgr, Vergr) = (5.6mA, 7.9V)

_VD.'F VDD

f,= +
(DCLL): R, +R. "R, +R,;
=1, =-0.369V,, +6.25(mA)

g ="Ves  Yoso g

(ACLLY: ® R_ "~ R e

a0

=1, =—0.59V,, +7.67(mA)

V&i Ry = Rp//Ry = 2k//10k = 1.7k
¢. Phan tich mach & ché dé AC
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Ip; lo:
J '| —~ | | |
e (Dre fre vl (D),
\Re ¢ hie { \ 1 Ko 4 Rg ¢ Vg . Rp R
3 hfﬁlhl : 3 Fm ESh Yy

(V) f

26mV 26
= =2 o 473(0))
1 5.5

Eo
h, = fr, =100x4.73 = 0.473(k02)

{1 ) v]
p VIJ'

7 = Ru//hie = 0.45(k2)

r

f

2 DES

Em =

Zy=Rp=2k

e Vor o ol x(R; I R.) _ 55353
" 1.-':_] hie‘rfﬂ

2 =h=_§mvﬂ(ﬂﬂﬁﬂﬂ= zfms l—h (R I/ R )=_4
Va Vi_z VRR VF Viﬁ I L

A, =A, xA,, =(-253.53)x(-4) =1012
d. Maxswing = 2min[Vpgg, IpgxRac] =2[7.5 ; 3.2x1.7] = 10.88(V)

8.3. MACH KHUECH PAI GHEP BIEN AP

8.3.1. Gidi thiéu

Mach khuéch dai ghép bién dp nhu hinh 8.6. Trong d6 ting khuéch dai
thir nht truyén tin hiéu qua ting khuéch dai thir hai bing may bién 4p a.
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vg El

Hinh 8.6. Mach khuéch dai ghép bién ap.
O ché d6 tinh (DC) ta ¢6 DCLL:

Vipg s TR, V.. =T LVCE'F—

C27TE2

Dic diém ciia méy bién 4p
Xét may bién 4p 1y tuong ri -0 d6i v6i dong DC nhu hinh 8.6

source load

H‘I —h
|l v;
\..r

primary Sﬂcnndar}r T

Hinh 8.7. Bac diém cuia may bién ap

£, 7 & ~ A A ~ [ &
Vit a: Ty 80 cudn so cap trén cudn thir cdp

N
' o s (8.5)
u.v N.’i
N 2
ry =(N—:] r,=a’R, (8.6)

A i) A A A
N,: 56 vong ddy cugn so cap

Ns: 56 vong day cudn thir cap
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8.3.2. Céc thong sb ciia mach & ché @6 AC

Xét mach khuéch dai ghép bién 4p nhuw hinh 8.6, mach dién tuong
duong véi tin hidu AC nhu hinh 8.8, Ta bo qua gid tri Viee— .

ve Rs >y v {-l“‘_‘]:i
] 1 !_L 4 ; §l+
Eﬂsé L2V
- || || ] -
E—} : B ' i . {4: -

Hinh 8.8. Mach dién twong dwong khi xét vai tin hiéu AC.
Céc théng sé clia mach:

Tong tré vio .=%—R]HRZIH:
V

Tong trd ngd ra Z="2 =Z,6= r“’; L r";
& a, hoe a;

(1/hge la dign tré mdi noi giira hai cye CE cia BIT rdt 16m twong
dwong tién vé vo cling)
H# s6 khuéch dai dién 4p:
A, =4, xlxﬂ.ﬁ xi
] EZE

Trong do
by (70 1 alh,,) .

—— .

A
" hie]

h’_r'el (rm 'ﬁﬂ%RL)
h

AV2=_

iel

THLGV Ve X

LT V.
9 q° Av e A e o B o w i
Ea v, vV My !
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Z
H¢ s6 khuéch dai dong dién: A, = A, xa,x A, xa, =—A, R!
L
. . B R i
Tur cong thue: A, ="2=—"x—t=A4 !
IE RL i’:' RL
Vs
Vﬁ IS = I!, — =
R, +Z,
S-I.l}" ra. A[ = AIS
8.3.3. Ddp tng tin s ciia mach ghép bién dp
V. ““
L l"d‘lll ='__LI
Vil Bandwidth *
4 i
i =3 | {Transformer)
R e ,\ i
~—{Transformer) \/
Low- | Mig-frequency f
frequency i High-frequency
CAlE | | | | N "
10 i L0 1000 0o f 100,000 g scale)

Hinh 8.9. Pdp tmg tan sé ctia mach ghép bién dp

8.3.4. Uu va nhuoge diém ciia mach ghép bién 4p

% Uu diém: Dang ghép nay cich ly DC rat t6t va ghép bién &p ¢6 hidu
qua hon ghép RC do Re trong mach ghép bién dp xét véi ngudn DC gin nhu
bang khong do d6 hiéu suét cua mach duoc can tién,

% Khuyét diém: Kich thudc mach 1én va dép tmg tan s6 cta mach bi
giam do cam khang cia cudn day, gia thanh cao.
8.3.5. Vidu
Cho mach dién nhur hinh vé

Cho Vee= 12V, Qy, Q2 14 transistor loai S1, By = 2= 100 ; Bién ap 1y
twong c6 hé s vong diy quén a:1 = 5:1.

a. Tim diém lam viéc ctia Q,, Q..
b. Viét phuwong trinh dudng tai DCLL, ACLL ctia Q3
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c. Tim Zii Zm A'l.‘i AI
d. Tim bién d¢ tin hiéu ngd ra cye dai khi chua bi méo dang

+Vee
R, ; 47KQ
G
Vi —] * Q
10uF
E C
R El
4705
- - =
Bai gidi

a. Phén tich mach & ché d§ DC
Xét tang 2:

Mach tuong duong Thevenin
\":l[_'[_'
VCC
A
¢
l \ {Re
4
g ¢ Re
\.‘)
L_K a 5y {
KRHF
X . %
e = $ Rex y ¢Re
| - 1
= 77
10
V,=V,=V.x—> =12x =21V
LR 10+ 47
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R,xR
Bl By B ) e, WST, i
' R,+R, 10+47

VE‘BE 5= IHZRH‘Z +VBE +IEZREE

Vigs =¥, 2.1-0.7
= Ipgy = Ippy = };E‘ BE = 875 =2.5(mA)
22 +R., —+047
Jil 100

Veggs = Vee — ICQE(RE: +R.,)=12-25x(2+047)=5.7(V)

Viy Qz(leq2, Vergz) = (2.5mA, 5.7V)
Xét tang 1:

Mach twong duong Thevenin

L3
2m

(nh

R
2o 19 Layp
R, +R, 10+ 47

R, xR
R, s RALR, w0 o IO s
R,+R, 10+47

VEI = 1E":*:f:}‘f

Mach vong
vﬂ‘.ﬁ‘] =I.EIREI +VEE‘ +IE]RE‘I
Viz =V A1-0.
eV BN =2 5(mA)

= IE‘Q] = =
R - 823 +0.47

yij 100
Veeo =Veoe —TepRe =12-2.5x047 =10.8(V)

Vay Qi(Icoi, Veegr) = (2.5mA, 10.8V)



GIAO TRINH BIEN TIF CO BAN CHUONG 8

b. Pwirng tii tinh DCLL

I
_ Voo o
RQ + RE,
Icg Isg2
|
| I
T \h Iﬂmjhn
57V V,eol2¥W
Icz i Vc&z 3 Vr:c 2 = VCEE % 12

T Rk " Bye Ry D4 347
= I, = 0.4V,, + 4.858(mA)

Pudmg tai déng ACLL
y - + LA G + + 2.5(mA
BT p R T s T g )

ad e

= Iy, =—0.6Vpxs +5.85(mA)

Vi Rye = Reof/R = 2k//10k = 1.7k
¢. Phén tich mach & ché @9 AC (B qua gid tri 1/he— o)

“ri:-} Ii! ‘:I_::--I-—.Iirj-\'II
ERniﬁ e é‘tmi gn‘- -
E | 2, *
'_:,, .(.:
P 26mV i 26 _104(Q)
I o

R, = h,, = fr., =100x10.4 = 1,04k

Zi=Rgai/fhis; = 8.24//1.04 =1k
Ln=Rnp=2k

a0
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GIAO TRINH BIEN TU CO' BAN
h. I x(a®h
A, = Vor | Pedsnd@hia) s 100=—-2500
Vi il
A, o Yoi. Pl ReliB) Goll) L1 g yeq
‘Vil hieﬂfbl rzl 1{]4
. A,r,,:rin z {~25[]ﬂ}xj(-163.46) _ssi9an
A,|=|- 4, Zil_ g1730x L = 8173
- 10

d. Maxswing = 2min[Vepga, legaXRae] = 2[5.7 ; 2.5%1.7] = 8.5(V)

8.4. MACH KHULECH PAI GHEP TRUC TIEP
8.4.1. Gidi thiéu

Mach hinh 8.10 1d dang mach khuéch dai ghép truc ﬁép, trong d6 cac
tng khuéch dai duge lién lac trye tiép véi nhau.

Phan tich AC turong ty nhue mach ghép RC.

+ Vee

Ien ; — Q, =, A
Q +% A I:_ IJVCEE
3 1 -4 VeE
Var T o Gl Ve
ng f RE I §Rﬂ
Ver Vez
= = é— = = -i- = &+

Hinh 8.10: Mach khuéch dai ghép truc tiep.
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8.4.2. Ddp g thn s6 ciia mach

X (5
S L|

* J I|,‘rI

3 Randwidh .l {Parasitic capacitances

i i of n_:twl::lrk and active
mid [ — "'-:.5_‘ devices and fequency

u-m-"*-_-.mm S aia dependence of the gain of
wim ar Lube}
=T l l

1005 160 LN 100D S L0000 [ MIL: Filag suille

Hinh 8.11. Pdp ting tdn s6 ciia mach ghép tang truc tiép

8.4.3.Un va nhuoc diém ciia mach ghép ting truc tiép

» Uu diém

~ Trénh duge dnh hudng cia céc ty lién lac & tin sb thip, do d6 tin sb
ciit dudi c6 thé xudng rit thép.

— Tranh duoc su cf:‘mg kénh cho mach.

—  Pién thé finh ra ctia ting dau cung cip dién thé finh cho tang sau.

» Khuyét diém

~ Su trdi dat diém lam vie ctia ting thir nhdt s& dnh huong dén phén
cuc cla ting thir hai, vin dé& chinh cia loai lién lac tryc tiép 14 6n dinh
su phén cuc.

— Ngudn dién thé phan cuc thudng ¢6 tri s6 16n néu ta ding clng mdt
loai BJT. Cach tinh phan cyc thuomg duge dp dung trén toan bd mach
ma khong thé tinh riéng timg ting.

8.4.4.S0 sanh ddp tmg tin s6 ciia cic mach ghép ting

Hinh (8.12) s& trinh bay rd vé su dnh hudng cta céc cdch ghép cac
ting khuéch dai 1én dép (mg téyn s6 ctia mach khuéch dai:

14,1 i
s ==
e e
- Banswidth = i Purasitic capacitnces
e ey of pelwork and active
e = i ¥
A L * devices and frequency

imik =3 I dependence of the gain of
':':I.'.'I'I?'.-'|._“":I Y = the transestor, FET, or whe)
F
Micl-fregpuency

I
sl High-frequency

Irequency
| | | | ——

1 M 1 Lk k4] 100, N0 [LERRELA] 5 1 MH: I MH2  filog scale)

fah
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L |;’I.u| = —_:
il Bamwdwidth -
A I"||| L] |:'_|' fi
w ransfonmer)
07074, P _’_\
/'— [ TransTormer) \
Lovw- Midd-frequency s
frequency | High-leeguency
] ] | |
141 _j'-l 100 1M JEREEH] F: 1L N ! ';l-UE staled
ihi
V.l
14,1={—
LA i :
. 1 ; | arasitic capacilances
Bandwidth e of network and active
Yok deviees and 1n:|.|u-:|1t_'3,
0 'J'U'-'J'I-,_.F_MI dependence of the gain of
/rhr. transistod, FET, or mehe)
TS | | i
10f,) 10K 10N 110000 fy 100,000 | Mz {(log scale)

icl

Hinh 8.12. Pdp iimg tdn s6 ciia mach khuéch dai: a.Ghép R-C:b. Bién dp;

c.Ghép truc tiép

8.5. MACH KHUECH PAI GHEP DARLINGTON

8.5.1. Gi6i thiéu

Ghép truc tiép 1a ghép 2 transistor truc tiép khong qua céc linh kién
trung gian. Hinh 8.13a 14 dang hai transistor npn ghép Darlington vé&i nhau,
khi d6 c6 thé xem nhu turong duong mot transistor ¢6 cac cuc B, C va E nhu

hinh 8.13b.

(a)

304

(b)
Hinh 8.13: a. Hai transistor ghép Darlington; b. Transistor tuong dwong
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Piéu kién cin va di dé hai transistor ghép bién d6i sang mot transistor
twong dwong la ca hai transistor phai cing trang thai vﬁ transistor twong
duong s€ c6 cac cuc la cye Lua BJT thir nhét tinh tir ngudn va ching loai
bén din ciia transistor thir nhit. Transistor thir hai chi ¢6 vai trd khuéch da1
dong dién.

Gia sir By, Bz 14 hé 36 khuéeh dai dong dign dc cia transistor Q; va Qa,
khi d6 ta co:

= Pl
=(f,+ D, ;Tacé I, =1, ,nén: 1., =p,1,, =p,(6,+DI,
Vi
Io=1g+ 1oy =Py + B0+ DIy =[50, + (B + ) g5
Biét dugel,; =1,
va I. =[5, +(B, + B, ,; Viy transistor tuong duong c6 hé s6 B Ia:
p=lS) =BPABABELS B
Khi hai transistor mac Darlington s& trong duong mot transistor c6 hé

s6 khuéch dai dong rét 1én (“super-B™) bang tich cia 2 transistor
f =B, % f3,, diy 1a wu diém ciia mach méc Darlington.

E C
C E
a b. C d

Hinh 8.14. Transistor fuong duong cua mach ghép Darlington

Trong hinh 8.14.a ta thiy Q, 14 transistor PNP, Q, 1a NPN, xét diéu
kién dé bién d6i thanh transistor tvong dwong khi Q, & trang théi ngit: I =
0 ta ¢6: Iy = Igz = 0 suy ra Igx = 0, nhur vay Qz cling & trang thai ngét va khi
Qi chuyen sang trang thai din, trong tw nhu viy Q2 cung & trang thai dén, ta
¢6 thé két ludn 2 transistor clng trang théi. Theo diéu kién cdn va du dé xdc
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dinh transistor twong duong ta ¢ cuc va ching loai cia transistor thir nhat
tinh tir ngudn tin hiéu nhu vy hinh 8. 14b cho thiy transistor twong duong
trong truong hop ndy 1 PNP va c6 hé s khuéch dai B=5,. B,.

Trén hinh 8.14(c,d) ta cling ¢ transistor tuong duong 1a ching loai PNP.

8.5.2. Phén tich mach & ché d§ DC
Vi du: Cho mach khuéch dai nhu hinh 8.15 st dung S1 NPN:
|. Tinh diém tinh Q.

' .‘. L -l\. L]
2. Tinh céc tham s0 xoay chiéu ctua mach.

l ?Vee
Re Re: 2 EE
ks Y ;
| uF
——t :: 1 4

a E
b.
d.
Li Ih
L ——e B — £
Vin® T | T Vout +
| | Y i
i {Rbh ¢ hie | } Io ! Re

e

d.

8.15. Mach khuéch dai ghép Darlington:

a. Mach khuéch dai ghép Darlington chung Cg; b. Mach phan cure ciu phin
ap; c. Mach tuong duong; d. So do trong duong tin hidu nho.
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Gidi:
Xét ché d6 tinh ta c6 thé vE& so dd véi BIT transistor tuong duong
Phirong trinh phan cyc:

R
R, =R \\R, ; Vy=—""2-V,

BB A1 a2 nn Rm + RBQ, o
Cong thirc

j o VH‘B _VHE

' Ry +(B+1)R,

Jf.:* e ﬂ‘rs
Phiwrong trinh dwong tai tinh DCLL.:

1 |%

Vee =IC(RC+RE)+V ¥

oo
CE” VE"+

S R.4+R. " R.4R,

Ta c¢6 gia tr1 Vegg st dung phuong trinh dudmg tai tinh:
Vero =1’CC—ICQ{RE -i—RE]

I(mA) s

oc

ICm::Lx:—
(R.+R,)

Q(Vegg Icp)

Ver (V)

-

VE‘ EQ VC’E‘

8.5.3. Phén tich mach & ché d§ AC

Pé phin tich mach & ché 46 AC sir dung vi du trén hinh 8.15. Xét so
do trong duong tin hiéu nho hinh 8.15d, ta c6 thé tinh dién tré ngd vao giira
cue B va E (r.) d6i v6i tin hidu nhé cua transistor twong duong.
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Ta co:
vV 0026 o i ity 48 phidag VA L., &1, taich 1, w0020
Iy I, I,
Ma To=lp+ley =1y Viyr, = ﬂ.UZISH;
c
0.026

Dién tré nhin vao tir cye B cta Qp: A, = f,r,; Va r, =
1}32 Haﬁzfaz =ﬁ1fﬁl;
0.026
Viy r, *"ﬁz[ ]=ﬁ3rel

EZ

€

El

Tong dién trd nhin vido tir cyc B va E cia transistor twong duong, hay
dién trd ngd vao cia transistor trong duong la:

h, = Bi(r,y + Pary) = 28, Bot.s (8.8)

h, 2
Hay =t 2Pl _,, (8.9)

B AR =

Uu diém thir hai ciia mach g ghép Dar]mg’mn 14 c6 dién trd ngd vao rat
16n. Trong trudng hop mach midc CC néu sir dung hai transistor mic
Darlington s& cho dién tré ngd vao 16n hon nhiéu so véi truomg hop sir dung
mot transistor.

8.6. MACH KHUECH PAI GHEP CASCODE

Day f..utlg la mot d:smg ghép tryuc tiep nhung gbm mot transistor mic
chung E diéu khién trire tlep mdt transistor mic chung Base. Loai mach nay
¢6 nhidu loi diém o tin s6 cao.

Mat vi du cho mach ghép Cascode & hinh 8.16.



GIAO TRINH BIEN TIF CO BAN CHUONG 8

FI' E I:-

R % Cy
Hinh 8.16. Mach khuéch dai ghép Cascode
Pé phan tich dic diém cua mach ndy ta vé lai so d twong trong tin
hiéu 1ihé tib hinh 8.17. B qua gi tri 1/h,— co.

v, Srp St Shy Dhe She 3 e @n.,.gl"u

—_—

ez
!

Hinh8.17. S do twong twong tin hiéu nhé cia mach hinh 8.16
Tacod:Z, =hyy =1,
he (R, /TR.)
h,

iel

vﬁ}'ﬂ Av] 5.

h, (R, /I R.) | Rt o B
h

Néu rp<< Re, thi: A =-
hieﬁ Fe']

el
Néu 2 hai transistor Q, va Q, ¢b cung thong s, thi: A, =-1
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Va A, w~ —ﬁ

‘rez
Vay: A, =A A, =-4, (8.10)
Va: A =A44,=A; vi A, =1 (8.11)

Tir cong thirc 8.10, ta thiy ring mach CB déng vai trd 1a khuéch dai
dién ap. Con mach CE doéng vai tro khuéch dai domg dién.
8.7. MACH KHUECH PAI GHEP VI SAI

Mach khuéch dai vi sai ciing 1a mot dang ghép truc tiép dic biét, mot
dang co ban clia mach khuéch dai vi sa1 nhu hinh 8.18.

'{vt:c

Hinh 8.18. Mach khuéch dai ghép vi sai.
8.7.1. Dic diém ciia mach khuéch dai vi sai co’ bin & trang théi cin
bing
Hai mach khuéch dai d6i x(mg nhau theo dudmg thing dimg va cuc E
clia hai transistor néi chung véi nhau cé:

—  Vee = Ve Mach duge phén cuc bing hai ngudn dién thé dbi xtmg
(am, duong) dé c6 cac dién thé & cuc nén bang 0 volt (hdu hét cac
mach khuéch dai vi sai ding hai ngudn dién 4p, nhung né ciing cé
thé hoat dong khi sit dung mot ngudn dom).

— Ro=Rm=Re
— Qi gibng Qx.
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—  Hai mach khuéch da dbi xtmg nhau va cyc E cla 2 transistor noi
chung v&i nhau.

—  Mach vi sai c6 2 ngd vao Vy;, Vo va 2 ngdra Vi, Vo
» C6 hai phwong phép Iy tin hiéu ra
—  Phuong phip ngd ra vi sai: tin hiéu duoc 1dy ra giira 2 cue thu.
—  Phuong phép ngd ra don cye: tin hiéu duge 14y ra gita cue thu va mass.
Tin hiéu ngd vao c6 hai loai:
1. Tin hiéu cich chung ngo vio (Common Input Signal). Diiy 1a tin
hiéu nhifu ddng pha (ciing pha va cing bién dd) Vi, = V.2 = Vi,
Vor = Aver. Vi
Voz = Avez. Viz

Trong d6 Avc 14 d6 khuéch dai cia mét transistor va duge goi 14 do
loi cho tin higu cach chung (common mode gain).

2. Tin hiéu vao visai (Differential Input Signal):

Hai tin hiéu ngd vao cling bién dé nhung nguoc pha.

Vo, =V, ==V = i
id T Tidl T 7 2
Goi tin hiéu vi sai 1 tin hiéu ac cin khuéch dai va ching nguoc pha
v&i nhau 180°. Goi A q 14 hé s6 khuéch dai tin hidu visai, A, 12 hé s6 khuéch
dai tin hiéu nhidu {khuéch dai tin hi¢u cach chung)

Ta co:
Aﬁ"l:l +Ar' icl
—Vi
Vﬁ-z = Aﬂv +A.:'Ll:rc2, = A 7 +Ar'p:.:'
Vi
1{1 = Vr:r] _VnZ = zAd ? =Ariv;d (3] 2}

Nhu vy néu ngﬂ ra ldy gifta cue thu va mass ta c6 ngd ra chi con tin
hig¢u visai dlra'c khuéch dai A4 14n. Ta goi mach ghép visai 1a mach
“triét nhidu

Thong thufmg |Ayal >=>lAvcl.
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8.7.2. Phén cwe mach & ché 46 DC

Pé xét dic diém cta mach khuéch dai nay trude hét ta xét phin cuc
DC cia mach nhur hinh 8.19.

.
1

Hinh 8.19. Phan cuc DC ciia mach khuéch dai vi sai
V,=0-V,. ==0,7(V)
" o —{=Vi5) ” V=1L

¥ o
: R; R,
I
Vay: Iy =1, :E (8.13a)
Iy
V?l FI:E] ZVC.E'I ZFEE+VEE _?RE_IERE (S]3b)

8.7.3.Khio sat thong s6 ciia mach & ché dp AC

a. Mach chi ¢6 tin hiéu cach chung

Xét vai tin higu cach chung, ta ¢6 mach twong duong nhu hinh 8.20.
(Khi phin cuc trong mach tw phét sinh tin hiéu cich chung (nhiéu) dong pha
trong mach & ché d6 DC)

Hinh 8.20. Machtuong dwong tin hiéu nho cua mach vi sai vai tin hiéu vao
la cdach chung.
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Taco: v, =—h,R.
va hé s6 khuéch dai d6i v tin higu cach chung la:
Y hy Re

= = N = 814
Ay = Ay, = A Ve he +2(h, + DR, (8.14)

b. Khi mach chi ¢é tin hiéu vi sai

Xét mach nhir hinh 8.21. Dong dién tin hiéu luén luén nguge chidu
trong 2 transistor va do d6 khong qua Rg nén ta ¢6 thé bd R

4% ‘*’-:-1 Voo | :
Hc “ué h %h. Vide

_,_

Iii——fv“v“
|
1

Hinh 8.21. Mach twong dwong tin hiéu nho cia mach vi sai voi tin hiéu vao
fa vi sai.
Ta c6 hé s6 khuéch dai d6i v6i tin hidu vi sai cia ting 1
Vo hyRe

AI-HI = T n
Vidi :

e

va hé s6 khuéch dai ddi vai tin hidu vi sai cua ting 2

v h,R,
szzv_ﬂ:_ I -
fed 2 ie
h.R
Dit: A =-— J;; : (8.15)

¢. Mach ¢6 tin higu tong hop

Véi Vii, Viz bt ky ta ¢6 ca thanh phén cich chung Ac va thanh phén
vi sai A\.-’ﬂ.

— Néu liy tin hiéu gifta hai cuc thu thi thianh phin chung khong anh
hudmg, tirc 1a:

Vo1 — Vo2 = Ag( V1, - Vip ) (8.16)
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— N°éu ldy tin hidu tir mét trong hai cuc thu xubng mass (tir cong thirc
8.12) ta c6:

n = A v,c+A

R e sl / 8.17)
Déu('.)biéumhmmmhphanw sai & hai cuc thu luén trai déu nhau, suy ra:
Vorz = Vo1 = Vo = AV (8.18)
Trong hoat déng v&i tin hiéu cach chung (comon mode): két qué tin

hi€u & ngd ra vi sai bang zero, vi tin hiu & hai cuc collector cta hai
y A ; x L1
transistor do1 ximg nhau d61 v tin higu nay.

8.7.4. Ti sb triét tin hiéu déng pha (CMRR: Common Mode
Rejection Ratio)

Trong khuéch dai vi sai thi mét bo khuéch dai vi sai 1y tuéng cd Aye =

0, hay ndi cach khéc tin hiéu nhidu tai m&i ngd ra don cyc phai bing khong,

nhing thye t& khé dat duge vi dé Ave = 0 thi Re > . Dé do luong sy sai

léch so v6i 1y tudng ngudi ta dinh nghia mét hé s6 goi 1a ti sb triét tin hidu

ddng pha (CMRR) (Triét nhidu): CMRR = Eﬂlg% .

[

_ Bién phap lam ting hé s6 CMRR: thuong dimg 14 thay R bing mot
ngudn dong nhur hinh 8.22.
4 I—"CCI

+ +

Vit ¥a

i constant-current -i-
- source

Hinh 8.22. Mach khuéch dgi vi sai véi nguon dong.
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8.8. BAI TAP CHUONG 8
8.8.1.  Cho mach khuéch dai Cascode nhur hinh véi Ve =20V
Ry; = 20k(2 Ry, = 5K Re= 3.3k(2 Ry = 47042 Ry = 100k2 Ry = 2k(2,
Cg = Cg= 50pF
Hay xac dinh:
a. Tep VAT vl B = P2= 100

b. D6 loi dién théA, = ?
1

¢. Tim va v& Vg khi V; = 10mV
d. Tong trér ngd vao va tong trd ngd ra Z; va Zo
e. Dién thé phan cuc Vi v Vez. VE DCLL. V& séng ra tai Q.

Ve
fLI
| |
¢ SR
R .
i Bl 1 ‘t"{_] Q: .v.c % I Lll_'
r - W, & i e

Qi ~Z
| I - - < Ry
. Rg2 } Ce ; Cs !
< = x RE T Rﬂﬂ': ——

Hinh BT 8.8.1

8.82.  Cho mach khuéch dai Darlington nhur hinh véi Vee = 12 V
Rai = 330k€), Rgz =33k, Re = 2.2, Re = 150€2, hyer= 1600, hye = 1kQ
Néu cho B; va Ba
h, = B(r, + B,r,) =208, fr.,
rer =26mV/Icq, hier = Pr*P2 = P
Hay xac dinh
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a. Ay =V /V;
b. Ay = V! Vi
€. Aya=Vn/ Vg
d. Auo= V!V, (ndi thém dién trér tai Ry = 10k€Q tai ngd ra V,5)

Va3
o

Re $

|
R, $ | *iE luF
r

4
|
¢
Hinh BT 8.8.2
883. Cho mach khuéch dai ghép bién 4p nhur hinh véi Ve = 20, B; = B2 = 80.
Hay xéc dinh
a. Xéc dinh d6 lgi dién thé Ay = V/V,
b. DO lgi dién thé Ay sé thay d61 nhu thé ndo néu dién tré R, giam

0.502.
Sod
A00kL 2 % % }1._51 %
[t
fi:l =
20k0I< < £ L-J.lz_
£ 3 —t :
& & T’-
L
WyE_ 10 L|'J l 10F

L > 10pF| -
kAP T amn? o
I | 1 | i

Hinh BT 8.8.3
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8.84.  Chomach khuéch dai ghép RC nhu hinh véi Ve = 20, 1 = f2= 100
Hay x4c dinh tdng trds vao, tbng trds ra va 46 loi dién thé ciia mach dién

1 | 1 e
| 3.3Kk01 < | ’.
S ¢Rei sk S wa s
150kQ ¢ Ry - : ¢ K8t R

|uF ) : :
| It ; Rz IuF ve

— |
S X
Wi | . —|
) k0 15K0 EZREJ _Jln_uyf IIM‘!?’_R LL:l;in _EOF 250
- IRBI: f JCI:I ‘ 822 i Cea
Hinh BT 8.8.4
8.8.5. Cho mach nhu hinh. V&I = 2 =300
Hay xac dinh Z;, Z,, Ay clia mach
1 . © Voo
3.3k {py |
150K Ry, ¢Res ;o IS0k Y
: . o
lp{_f 1] I% H21
T 4 w.
-..,114-:1- 1 Jl = G L

-f' ]

@ k) {; 1.5k j:;RE] _\l_ﬂul‘ E{IM!% k2 <
'x_ b e

1 e P i

Hinh BT 8.8.5
8.8.6. Cho mach nhur hinh vé&. Cho B =100, g, = 2mA/V; 1y = 100kQ.
Hay xac dinh: Z;, Z,, Ay cia mach.
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=12V

RS R7 % RO
1K 12K

S
bs
| cC3 D
c1 €2 ¢ 4——:|€—' Vo

'u'i—)l—-- -— T _IE- _,l: 10uF

1uF C1815 10uF K30A
. |

B
P

5
£ RES | CEY ‘. RB R10% |- cG
1K & ’; T -';’; {; T
100 ¢ 470uF £ 12K 22K £ 100uF
Hinh BT 8.8.6

8.8.7.  Cho mach nhu hinh v&, Cho g, = 2mA/V. rp = 100k€.
Hay xéc dinh téng trd véo, tong tré ra, hé s6 khuéch dai Ay cia mach.

L l O 20V
R 2Ry
zfsulﬂf - }11& 0.5uF
Su
| —Ié Vo
0.5uF l .H

| .
: A I # I
ﬁ > Ry 24 i »Res ==Csa
MY %470 “r-Lsi  IM5 5470 [100uF
J_ i ||uum~
Hinh BT 8.8.7
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Chwong 9
MACH KHUECH PAI CO HOI TIEP

9.1. GIOI THIEU

Mach héi tiép dugc sir dung trong tit ca céc hé thong khuéch dai.
Harold Black, mét k§ su dién tir lam vige tai cong ty dién phia tiy nuéc
My da phat minh ra mach khuéch dai c6 hdi tiép vao nim 1928 trong khi
di tim c4ch d& on dinh d6 lgi cia mach khuéch dai st dung trong mach 1ip
dién thoa.

Trong hé théng hdi tiép, tin hidu hdi tiép duoc lay tir ngd ra va ti 18
vi tin higu ngd ra dua ngugce tré vé& ngd vao, va két hop v&i tin hidu ngd
vio dé tao ra dap tmg hé théng mong mubn.

Mot mach héi tiép duoc sir dung c6 tinh toan dé dat dugce d 6n dinh
mong mudn. Hoi tiép c6 thé xay ra khong dinh trude lam thay dbi dép (mg
tin s6 ciia mach.

Hoi tiép c6 hai loai: hoi tiép duong va hdi tiép am.

— Hbi tiép 4m 1a mach ¢6 tin hiéu hdi tiép nguge pha véi tin hidu ngd
vdo nén lam giam tin hiu ngd vio ctia mach. Hoi tiép am cd chirc
ning duy tri d0 6n dinh hé s6 khuéch dai ciia mach chong lai sy thay
doi cac thong so cua transistor do nhiét d6, do dién 4p ngudn cung cap.

—  Hoi tiép duong 1d mach c6 tin hiéu hoi tiép cimg pha véi tin hiéu ngd
vao nén lam ting tin hiéu ngd vao ciia mach. Hoi tiép duong dugc sir
dung dé thiét ké cdc mach dao d6ng va mot s6 img dung khac.

Trong chuwong ndy ching ta chi khao st mach hdi tiép am.

9.2. UUBIEM VA KHUYET PIEM CUA HOI TIEP AM
< U diém:

— On dinh ham truyén: sy thay d6i gid tri ham truyén chii yéu do sy thay
doi céc thong s6 cla transistor s& giam khi c6 hoi tiep dm diy chinh 1a
tru diém chinh cta hi tiép am.

— M rong bang théng.

—  Giam nhidu: hdi tiép 4m lam tang ti s6 nén tin hiéu trén nhidu.

—  Giam méo: khi transistor 1dm viéc khong tuyén tinh, méo s& xuét hién
trong tin hiéu ngd ra, dac biét tai nhimg mach co bién dé tin hiéu ngd
ra 16m. Hoi tiép 4m s& 1m transistor hoat déng tuyén tinh hon.
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— Cii thién tong trd vao va tong trd ra.
<%  Khuyét diém:
— Gikm 45 loi hay giAm ha s& khuéch dai dién ép.
— (6 thé mach khéng 6n dinh (sinh ra dao déng) tai tin sé cao.

9.3. KHAI NIEM CO BAN VE HOI TIEP
9.3.1. So d6 khdi ciia hdi tiép

Trong Hinh 9.1 trinh bay mach khuéch dai c6 hdi tiép. Trong mach,
tin hidu bién thién S ¢ thé 1a dong dién hoic dién dp.

A o WD

B

Hinh 9.1. So d6 khéi ciia mach khuéch dai ¢6 hoi tiép.

SOURCE

A : mach khuéch dai vong hé cé hé sé khuéch dai vong ho la A.
B : mach héi tiép, ¢ hé s6 hoi tiép Ia.

S, tin hiéu hoi tiép.

S; : tin hiéu ngd vao.

S, . tin hiéu ngd vao cua mach khuéch dai khi cé hoi Iiéfp.

S _: fin hiéu ngo ra.

A, : dg lpi vong kin ciia mach khuéch dgi khi c6 hoi tiép

9.3.2. Phén loai hoi tiép

C6 nhidu loai mach hdi tiép nhung vé& co ban c6 thé phan ra lam bén
loai hdi tiép dua vao cac dic diém sau:

— Tin hiéu hoi tiép: dién ap hodc dong dién.
— Céch mic tin hiéu vé&i ngd vao: ndi tiép hodc song song.
Viy c6 4 dang mach hdi tiép co ban két néi nhur Hinh 9.2(a,b.c.d)
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a. Hoi tiép dién 4p ndi tiép (khuéch dai dién ap), Hinh 9.2a:

On dinh dién 4p ngd ra theo dién 4p ngd vao, 6n dinh ham truyén 1a hé
56 khuéch dai dién 4p.

—Hé s6 khuéch dai vong R.
V _ﬁl“_ A . & + B
hd: A, =—= i Vo2 RL

V. 16y 2
14 |
— Hé s6 hdi tiép: 4, = ?ﬂ’ By

i

— Hé sb Kkhuéch dai vong

9.2.a. Mach héi tiép dién dap mdc noi
v tiép voi dién dp vao
kin: AU}_ =L
vz'
b. Hi tiép dong dién song song (khuéch dai dong dién), Hinh 9.2b:
On dinh dong dién ngd ra theo dong dién ngd vao, 6n dinh ham truyén
14 hé s6 khuéch dai dong dién.

— Hé sb khuéch dai vong

ha: A, =% |.(1:*) %H, A o

£ HL

I .
- Hg s§hdi tiép: =2 Bi

il

i w = A &
— H8 s khuéch dai vong 9.2.b. Mach hoi If.e.i?‘p fﬂﬂg ti“;{fn mac song
song v dién ap vdo

L]

liiﬂ: AEF = lr—”

c. Hbi tiép dong dién ndi tiép (khuéch dai truyén din), Hinh 9.2.c:

On dinh dong dién ngd ra theo dién 4p ngd vao, o6n dinh ham truyén 13
hé s6 khuéch dai truyén dan.

— Hé so khuéch dai vong hé: A, =—2

~ Hé s hoi tiép: B =
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~  Hg s khuéch dai vong kin: Ap=-2

R

AQ
Vi R,

Bz

9.2.¢. Mach hoi tiép dong dién mdc néi tiép véi dién dp vao
d. Hdi tiép dién 4p song song (khuéch dai truyén tr&), Hinh 9.2d:

On dinh dién 4p ra theo dong dién ngd vao, 6n dinh ham truyén 1a hé
s6 khuéch dai truyén tro.

— Hé s6 khuéch dai vong hé:

Vv

4, == |.(5 %H.. Az Vo2 RL
g pkop Ao ok Iy B
& 50 hoi tiep: ff, = v g
H¢ s0 khucch dai vong kin: ~ 9.2.4. Mach héi tiép dién ap mdc song
v, song v dién dp vdo

A,F = ‘f_

9.4. CAC THONG SO CUA HOI TIEP AM
9.4.1. H# s6 khuéch dai c6 hdi tiép

Tir so dd khéi mach hoi tiép Hinh 9.1, ta ¢6 46 loi ciia mach khuéch
dai khi chua c6 hoi tiép 1a:

S
A=Ce (9.1)

A =2 (9.2)
Hé s6 hoi tiép:
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S

P
= 9.3
p 5. (9.3)

Tir cong thirc (9.1), (9.2) va (9.3), ta co:
S,
S S S 1 A
A S i L — L == = 94
PR BeSy 8,85 1 T
i & y i’ S .. s _[_!ﬁ'
S & 4

Nhén xét: D6 lgi cia mach khi c6 hdi tiép giam di (1+BA) 1n so véi
khi chua c6 hoi tiép. Vay hdi tiép 4m 1am gidm hé s6 khuéch dai ctia mach
khuéch dai, va hoi tiép am 1am ting d6 6n dinh cta hé sb khuéch dai ciia
mach khuéch.

9.4.2. On dinh him truyén
Do bét 6n dinh ctia ham truyén trong mét mach khuéch dai khi chua

c6 héi tiép 1a %. Vay d6 bat 6n dinh cta ham truyén trong mdt mach

khuéch dai c6 hdi tiép 1a Ay
J'll-‘lF
Tir obng thirc (9.4), taco; “or JIFAAZFA_ 1 45,
dA 1+ pAY  (1+ fpA)
1
Tir (9.5), suy ra: T 0.6
(9.5), suy F (1_'_‘&4)2 (3.0)
Liy (9.6) chia 2 vé cho A, ta ¢6:
A, 1 JrpA_ 1 dA ©7)
A, (14 4)° A 1+84 A
Suy ra: My L ot (9.8)

= >
A, 1+p8A A

Viy d9 bit 6n dinh ciia ham truyén khi ¢6 héi tiép giam di 1+ 8A 1in
so v khi chua c6 hoi tiép.
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Néu mach ¢6 hé so hdi tiép di 16n sao cho A>>1, thi ¢6 thé xem nhu
gid tri ham truyén cta mach khong doi hay noi cach khéc 1a mach ¢ d6 6n
dinh cao. Lic d6 dd 1g1 cua mach la:

A

v

12

|
= (9.9)

B

Tir cong thirc gﬂ.g), ta thdy do lgi hay ham truyén ctia mach chi phu

thude vao thong s6 hoi tiép.

Vi du: Mot mach khuéch dai c6 d6 bét 6n dinh 13 10% va c6 d6 loi 1
100. Dé ting tinh 6n dinh clia mach ngudi ta dimg thém mét mach hdi tiép
Am mic vao mach khuéch dai nay c6 hé s6 hdi tiép 1a 0.1. Vay d§ bit 6n
dinh ctiia mach sau khi ¢6 hoi tiép bing bao nhiéu?
Gidi:
Tir cong thire 3.8, ta co:

K. 1 KA 1

= X = #*10% =1%
A, 1+84 A 1+4100x0.1

 Viy sau khi méc thém mach hoi tiép c6 hé s6 hbi tiép 12 0.1 thi do bit
on dinh ctia mach giam di 10 lan,

9.4.3. Anh hwéng cia hdi tiép 4m dén dj loi biing théng

Gain
F A
A, A
L / \
A
0.707A,] e
Jir  Ji B »/: J Frequency
< Bf >

Hinh 9.3. Anh hudng ciia hoi tiép am trén do loi bing théng.

Hinh 9.3 chi cho ta thiy o khi ¢6 héi tiép 4m d6 loi bang théng cia
mach 1én hon khi chua ¢6 hdi tiép (do hé s6 khuéch dai ciia mach giam).
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Chimg minh:

BW : d6 réng bang tan cia mach khuéch dai khi chua c6 hdi tiép
BW=f,-f=f,

BW . : 46 rong bing tin ctia mach khuéch dai khi c6 hoi tiép am.
BW, =f,; —fiy = [y

& - = A A
Po loi ciia mach tai tan 86 cao:

A
A=—"D0 (9.10)
1+jy
I
Am.r'd
Lol
A = A o J AI i [llruid
F '
A |, g Au ]+_3_‘Ami+j%
14 ] V -
fa
Chia tir va mau cho 1+ BA ., ta duoe:
Amiﬂ'
Ay = P 9.11)
1+jV
fol+ fA)
Viy tin s0 cit trén ciia mach khuéch dai khi cé hdi tiép am la:
A
= f.(1+ L )— 9.12
fj_f fz': :JMWJ)I""BA ( )
Viy: BW, =BW(l+ pA_.,) (9.13)

Khi ¢é hoi tiép am dd rong bang tAn clia mach khuéch dai ting 1+BA
14n so véi khi chura ¢6 hoi tiép.
9.4.4. Gidm méo va gidm nhidu
a. Gidm méo:
Trong mach khuéch dai co hoi ﬁép adm khi Af >>1, d6 loi cia mach
1a Ay =1/, khi d6 d6 1gi ctia mach khéng phu thude vao tan s6. Lic dé méo
tin s6 phat sinh do thay di do loi véi tin s6 tin hidu (do céc séng hai) gidm,
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Giam méo do ham truyén khong tuyén tinh.

Méo tin hiéu ngd ra 1a nguyén nhin do thay d6i dd loi gdfj lgi khéng
tuyén tinh) hay do thay d6i 46 doc ham truyén cia mach khuéch dai. Hinh
9.4 g& chirng minh d4p (tng cta ham truyén khi khéng ¢6 va khi ¢6 hdi tiép
im. Khi c¢6 hdi tiép &m tin hiéu ngd ra v6i tin hiéu ngd vao
14 tuyén tinh.

S|'| F s
SUJ i

Kes Sz S (tin hidu sai 18ch)

()
S|'| &® P =
250
Bl e /F‘/ TH0.099)250) =
s
. 27 1 0090S00 .90
1000
Aﬂ.ﬂ?‘}j{ T R
&y Sz Bp(dn higu npd via)

(k)
Hinh 9.4. Dic tuyén truyén dat: (a). Khi chica cd hoi tiép. (b). Khi cd héi tiép.
b. Gidm nhiéu:

Vi

Vi Ve A
Vs
Hinh 9.5. So dé khoi mach khuéch dai véi tin hiéu nhiéu tdc dong o ngo ra.

Tir hinh (9.5), khi chua c6 hdi tiép, tin hiéu ra la:
V,=AV +V, (9.14)

Vo

Trong d6 V,_ chinh 1a tin hiéu vao cia mach khuéch dai.

326



GIAO TRINH BIEN TIF CO’ BAN CHUONG 9

Viy khi chura ¢6 héi tiép bién d6 tin hidu nhidu ¢ ngdrala V, .
Khi c6 hi tiép, tin hiéu héi tiép:

V=BV, 9.15)
Va V,=V,~V, =V,~ 4V, 9.16)
Viy V, = A(V,— V) +V, 9.17)
Suy ra: A V. + : (9.18)

vi’.l = i ll"'Illn
1+04 ° 1+pA
Vay khi ¢6 hdi tip thi bién d6 tin hidu nhidu gidm (1+ SA) lin. Khi

1 ;
AN, thi V, = rid vy tin hiéu nhidu bi triét gin nhu bing 0.

9.4.5. Cii thién tong tri vao, tong tré ra:
a. Tong tré vao:

» Mach hdi tiép dién 4p mic ndi ti€p véi dién 4p ngd vao cia bd
khuéch dai chinh

Xét mach héi tiép noi tiép dién ap:

Hinh 9.6. So dé mach héi tiép néi tiép dién dp Iy tuong.
e  R.:dién tro ngd vao cia mach khuéch dai khi chua c6 héi tiép.
e R, :dién trd ngd vao ciia mach khuéch dai khi 6 hdi tiép.
e R :dién tré ngd ra cuia mach khuéch dai khi chwa ¢ hi tiép.
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Ta c6:
¥ Y,
Ry - 0 (2.19)
Tir cong thire (9.19) chia tir s6 va méu s6 cho V, , ta dugc:
”% Vo W ¥
R.= e =2 x(1+—Lx-2)=R(1+ 9.20
pep e mak SR ORREAA) (0]
Vv

Vay hdi tiép ndi tiép 1am ting téng tré ngd vao 1én (1+BA) 1an so véi
mach khuéch dai chua c6 hoi tiép.

» Mach hdi tiép dong dién méc song song:

B ¥ _
=l e 9.21
Ky S Skt

Chia tir va méu clia cong thire (9.21) cho 1, ta dugc:

= L R s
T T '

Viy hoi tiép song song lam dién tr&é ngd vao cia mach khuéch dai
giam (1+BA) lan so v6i khi chura c6 hoi tiép.
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b. Téng tré ra:
» Hbi tiép dién 4p:

Tir so dd mach Hinkh 9.8 khi ngin mach ngd vio, ta ¢6 so d0 turong
duong Hinh 9.9.

Hinh 9.8. So d6 mach hoi tiép noi tiép dién dp Iy tuomg dé dinh dién tré ngo ra.
Téng tré ngd ra cia mach khuéch dai 6 hdi tiép nbi tiép 1a:
V v,

g I_: v = E (9.23)
Tirso dd Hinh 9.8,tacé V. +V, =V. + BV, =0 (9.24)
Hay V. ==8V, (9.25)
Dong ngd ra 1a: ] = .—4V, V.-ACHV.) (9.26)
Rr:l‘ Rr?
Vay dién trd ngd ra ciia mach khi ¢6 hoi tiép dién ap 1a:
V,

Fpale.. & (9.27)

L. 1+8.A

Cong thire (9.27) r.,l:umg minh ring dién trd ngd ra ctia mach khuéch
dai khi c6 hoi tiép dién ap g;lam di (1+ A) l4n so vdi dién tré ngd ra cua
mach khum,h dai khi chua c6 hdi tiép. Dién tré ngd ra bé 1d wu diém cia
mach khuéch dai dién ap.
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Két hop phén la va 2a, ta duge so d0 twong duong cia mach khuéch
dai hoi tiép dién 4p ndi tiép nhu Hinh 9.9.

My L Ay i —
+ | R +
|
V; Ci) Vi | R V., 2R
T | "2 * AV, | é :
| L

Hinh 9.9. So dé twong dwong ciia mach khuéch dai hoi tiép dién dp noi tiép.
» HObi tiép dong dién:

C
-
=0

Hinh 9.10. So do mach hoi tiép dong dién Iy tuomg dé dinh dién tré ngé ra.

Téng trd ngd ra ctia mach khuéch dai c6 hi tiép song song:

V V.
qu o I_ﬂ I=0= I_I (9.28)
Tix Hinh 9.10, ta c6: I,+1,=I,+pBI, =0 (9.29)
Hay I =-B1 (9.30)

Pién dp ngd ra cua mach Hinh 9.10:
V, =(,~AL)R, =[I,- A(~fL)IR, =10+ SA)R, (931)

Viy diéntrongdrala: R, = t:— —R(1+BA) (9.32)
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Cong thirc (9.32) chimg minh mach khuéch dai ¢6 héi tiép dc’mg then
dién tré ngd ra ting (1+ PA) ldn so véi mach khuéch dai chwa cé hdi tiép.
Mot dién tré ngd ra 16n 12 vu diém cta mach khuéch dai dong dé trénh anh
hwdng cua dién trd tai,

Két hop phin 1b va 2b, ta duge so dd twong duong ctia mach khuéeh
dai hoi tiép dong dién song song nhuw Hinh 9.11.

= S e
& | |
; SR | 3R Ad, SRy | SR
| |

(]

Hinh 9.11. So d twong dwong ciia mach khuéch dai hoi tiép dong dién

SOng song.

9.5. BANG SO SANH CAC DANG HOI TIEP

Mach | Tin | Tin Ham truyén Dién tré ngo | Dién tré ngd
khuéch | hiéu | higu vao ra

dai hdi | ngudn | ngd

tiép ra

Dién ap g ¥ A R+ A Py
ndi tiép Ap | Ap | A V. 1+8A | ° 1+44) (1+5,4)

Dong

digén I A; R,

O ol £ = z S e R ].+ iy
song Dong, (Dotig) I, 1+8A (1+ 6.A) (A+AA)
song
Dong I A

diénnoi| Ap |Dong| Ay=—t=—D0 R(A+p4A )| R (1+5.A)
hép B 1": i +£))2Av o 2
Pién ap v. A R R
son Dong: | Ap |Ap=—m=r——r =
sung : ’ o A A (1+5,4,) 1+ 5.4

9.6. KHAO SAT HOI TIEP CUA MOT SO MACH KHUECH PAI
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9.6.1. Mach hbi tiép dién 4p - noi tiép

+VCC
Ry Re
G
11
+ | I

Vs

Vi
Hinh 9.12. Mach khuéch dai hoi tiep dién ap noi tiép.

Mach Hinh 9.12 1a mach emitter — follower, hay 1d mach khuéch dai
dién 4p ndi tiép.

v BIR. RE. AR R
Poloivonghdy: A =—t=—tftt__FFE__FFE__"% (9.33)
VL‘ I.&hie hie hfére _I’;
P A T Ve
Hé so hoi tiep  f3, :F =1 (9.34)
Viy do loi vong kin la:
V h.R.[h h.R
14“..:_” ‘4? st fe L'-/ e L L (935’)

V. E 1+ 3 A N I+1x {h_ngE/,hie} s h;, + 'II,feRE

Néu h R, >>h,, thi: A, B

Nhin xét: hé s khuéch dai dién 4p clia mach khé 6n dinh va bang 1 1a
héng s6 khi thoa didu kién S A, >>1.
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9.6.2. Mach hbi tiép dong dién - song song

Rr=
II' R ar
: TIR2
' = ‘
I _ Ry
s A !
(b

Hinh 9.13. Mach khuéch dai hoi tiép dong dién song song.
Mach Hinh 9.13 1a khuéch dai gdm hai tdng khuéch dai c6 hdi tiép 4m
dong dién song song, tin hi€u dong dién & ngd ra cua tang thir hai duge duea
tré vé& va miéc song song voi ngd vao cla ting thir nhat. Hinh 9.13b 13 hinh
ding cho tin higu ac, cdc tu duge coi nhu lién mach.

D6 loi vong ha l1a: A, =% =A;x A, (9.36)
) R.r.'] : hﬁ-lfm
141 ek Iﬂ] _ Rr.'l + {REZ'. “ I-(hiel + [hfrl + I}REEJ} . {g 3?)
: I¢ REI +'L%e] I -
i3
R

21
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Rcl

I T i
A,=—= = . (9.38)
I,ﬂ REZ +['11i92 +(h‘ﬁe—2 +1}RE2]
2
RH‘Z‘.
i I R
Hé sb hoi tiép: f="0 E2 (9.39)
"I, Ry, +[R.+ (R, k)]
Viyabloivongkinlyy A =le- % (9.40)
R TR 138,
Né‘u ;5;‘41 - 11 thi: AiF Ei ~ REE +[RF +{Rm I hie])] (9.41)
rﬁf REZ
Vanéu R, >> (R, Ih,), th: A, =L =145 (9.42)
J'!'ff REZ

Nhin xét: hé s6 khuéch dai dién 4p cua mach khd 6n dinh va béng
hing s6 khi thoa diéu kién SA >>1

9.6.3. Mach hoi tiép dién 4p - song song

Hinh 9.14. Mach héi tiép dién dp song song va so do twong dirong tin hiéu nh.

ey V, h.lR
D6 loi vong ha A= I_ =- - =—hy R (9.43)
> h

334



GIAO TRINH BIEN TIF CO’ BAN CHUONG 9

Hé s6 hoi tié =P = 9.44
S 5 ep s, 5 Eam (9.44)
VAT S IV EETE Ay A hRe (9.45)
v 1 : —_—— = 2.
E }.r ] T g F 1'1: '1 _;_ﬁfﬂz l + h_feRC
RF  : hie
Néu h R. >>R, +h,, thi: Ay=—(R,+h,) (9.46)

Vineu R, >>h, thi: A, =—-R;

Nhan xét: hé sd khuéch dai dién 4p ctia mach kha én dinh va béng
hang s6 khi thod diéu kién 8, A, >>1.

9.6.4. Mach hbi tiép dong dién ndi tiép

Vi

E"’J | lf':r[r
| e "
: fnbrcfﬁl =
hi s
©
| £ =
| Ky = g Ke g Ry
éﬁ'r Il &2 +
M2 Ry
(O

Hinh 9.15. Mach khuéch dai hoi tiép dién dp noi tiép.

Hinh 9.15 12 mach héi tiép dong dién néi tiép. Rp déng vai tro 1a dién
trér hoi tiép.

R,
o e
s i 1 R.aR T h R (9.47)
{.} g] 1~.' n —_——_—— = = i
g ’ I.-‘: I.E:' hz'e hie (Rﬂ‘ + RL)
Hé s6 hoi tiép:
V LA+h )R, R.(R.+R
ﬂ5= ;71‘ s bR i ~ ﬁ{ {. L:! {943}
n C hfe‘rb RL
R.+R,
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Vay d6 loi vong kin 14:
h. R,
i fﬂ b AE g h:'e {Rf_, + RL) o hﬁ’RC (9 49}

P T o — =

TUW, IkBA BB /) (h, +h,R,)R.+R,)
£ i R
Néu h,R, >>h,, thi: A= (9.50)
: R.(R.+R,)

Nhan xét: hé s6 khuéch dai dién 4p cta mach kha én dinh va béang
hiing s6 khi thoa didu kién . A, >>1.

9.7. BAI TAP:
9.7.1. Tinh d6 loi cia mdt mach hdi tiép am c6: A = -2000 va

ﬁ="/]{ﬂ-

9.7.2. Mot mach khuéch dai c6 A= 1000 va #=0,22. Tim A, .

9.7.3. Mot mach khuéch dai c6 A = 588va £A=0092.Tim A .

9.7.4. Mot mach khuéch dai c6 hé so khuéch dai A = -1000 va d6 bét on
dinh khi khéng hoi tiép bing 10%. Hay tinh d6 bit én dinh cua dd loi néu
mach khuéch dai duoc sir dung trong céu hinh hdi tiép dm c6 ff = _%f} :

9.7.5. Tinh d6 loi va dién trd ngd vao, dién tré ngd ra cia mach hoi tiép
dién &p nbi tiép co A =-300, R, =1,5kQ, R =50kQ va fi= ,,%5 _
9.7.6. Mach nhu bai 3 khi chua c6 hdi tiép co6 fi = 2kHz va

fy = 826kHz. Tim tin s6 cit trén va dudi khi c6 hoi tidp. Va 46 loi
bing tén ciia mach.

Goi ¥:

BW, = BW(l+ pA)
izt

T 1+ pA

fu = fy 1+ pA)
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9.7.7. Mach nhu bai 4 khi chua c6 héi tiép c6 f = 8kHz va
f; = 980kHz. Tim tdn s6 cit trén va dudi khi ¢6 hoi tiép. Va do lgi
bing tén ctia mach.

97.8. Tim A, R, vi R, cho mach khuéch dai c6 hdi tiép dién 4p nbi
tiép c6 A = 1000; R, = 20kC2, Ry = 5009 va p = -0.05.

9.7.9. Tim Ayp, Zinr V2 Zor cho mach khuéch dai c¢6 hoi tiép dién 4p ndi
tiép 6 A, = 500; Z, = 12k, Z,, = 600 va p=0.01.

9.7.10. Tinh d4 loi trong truomg hop chua ¢6 va ¢ hdi tiép cua mach
khuéch dai sau, voi R =200kQ, R, =800k, R =40kQ va
g, =5000uS (Hinh 9.16).

9 1I"Fr.r.

2R

=||: R,
Vsfo y SR,
Hinh 9.16

9.7.11. Cho mach hinh 9.17, tinh d¢ lgi, dién tré ngd vao, ra trong
trudmg hop chura ¢6 va ¢ hoi tiép. Cho céc thoéng s6 ciia mach nhu
sau: Rg = 600k, Rg = 1.2kQ, Re = 12kQ, hie = 2kQ, hy = 75 v
Ve = 16V.

Hinh 9.17
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9.7.12.Tinh d6 lgi, dién tréd ngd vao va ngd ra ciia mach khuéch dai
hinh 9.18. Biét hy, = 125 va h; = 2.5K.

s y 1 f
sl L 5 5
1 L a0
é s 2 2l mé o
el ’L ol AL B

13l

Hinh 9.18

9.7.13. Tinh 46 lgi dong dién, dién tré ngd vao va ra cia mach hinh 9.19.
Biét hie = 75, hie = 2K.

=T

In é 4 6l
1

E.Al.

Hinh 9.19

V&1 mach nhur hinh trén, néu cic transistor c6 = ‘-JQPF, Cye = 8pF bd
qua tu & ngd vao va ngd ra, cac tu lién lac va bypass bang 10uF.Hay tim
dap Gng tin s6 ciia mach.
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Chwong 10
MACH KHUECH DPAI THUAT TOAN (OP-AMP:
OPERATIONAL AMPLIFIER)

10.1. CAU TRUC MACH KHUECH PAI THUAT TOAN
10.1.1. Gi6i thi¢u:
Mot mach khuéch dai thuét toan ( Operation Amplifier viét tit 13 Op-
amp ) gdbm c6 ba thng phan biét:
~  Tang khuéch dai vi sai ng6 vao c6 hé s6 khuéch dai A p(D- Differential)
~ Tang khuéch dai doi mitc tin hiéu c6 hé sé khuéch dai A s(LS- Level
Shifter)
— Tiéng ldy tin hiéu ngd ra biéu dién 14 A o5(OS- Output Stage)

P

Ngéo vao

I e - —
dao  _i -] e
d T -
. |-Ap Aos
, o
_ L = o Vo

Ngo vao |

khdng ddo |

i
i
i
i
I
Y
I
I
I
I
I

i Differential Level 'ihn‘ter ,grﬂipm qtage
amplifier am_phﬁer amplifier

Hinh 10.1. So d khoi ciia Op-Amp.

Mach khuéch dai thuit toan (Op-Amp) duge ciu tao co ban trén mach
khuéch dai ghép vi sai va cdc mach dién dé cai tién céc théng sb cua no.

M&i ngd vio cia bét ky mach khuéch dai ndo ciing c6 hai phén: phan
tin hig¢u chinh cén khuéch dai ta gni Ia hi¢u w1 sai (Differential Input Signal
viet tit 12 vy ) Vil ph.:m tin hiéu nhleu ta goi 1a tin hiéu cach chung (Common

Input Signal viét tit 13 v, ), luén ton tai trong mach dién tir dugc phéan cuc
va trong mai trudng chung quanh,

Mach visai duoc trinh bay chi tiét & chuong 8. Cau tric mach visai ¢6
hai ngd ra, trong truomg hop nay, hai ngd ra duoe ndi voi nhau thinh mot
ngd ra ta co cic phuong trinh 8.16; 8.17; 8.18 va hé 6 nén tin hiéu cach
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chung — nén tin hiéu nhiéu CMRR (CMRR: Common Mode Rejection
Ratio): CMRR = 201g ja‘

[

Bién phap lam tang hé s6 CMRR 14 thay Rz bing mét ngudn dong dé
lam ting dién tr& R, t6i da trong mach ghép visai.

Khi mach visaj cO hé b nén tin hiéu nhiéu dat gia tri cuc dai, ta co tin
hiéu ngd ra khong ton tai nhidu, ddy 1a mach triét nhidu, mach Op-Amp sir
dung dic tinh nay ciia khoi khuéch dai vi sai.

Céc théng s6 k¥ thuat ctia Op-Amp:
e  Tong trd ngd vao lén, 1y twong R, = oo
e  Tong trd ra nho, trudmg hop 1y tudéng Ry — 0;
e  Dién &p ngd ra bang 0 khi hiéu dién ap vao béng 0;
e Hé so khuéch dai vong hé (open loop ) vé cling 16m, 1y tuémg
Ayoy = ]
. Hé sb6 nén tin hiéu cich chung (tin hiéu nhifu) CMRR vé
cling 16n, 1y tudng CMRR = oo,
> Ki hiéu mach khuéch dai thuit todn:
Co hai ngd vao nhédn tin hiéu la V_(con duwge ki hi¢u 1a v, ) va v_
(con duge ki hiéu 1a v, ) vi mit ngd ra, ¢6 dd lgi dién dp vi sai 1én nhur
Hinh 10.2.

rr.l
— AMA—
VB=V4 g x il
Va=V. = "
o O

Hinh 10.2. Ki hiéu cua Op-Amp va mach twong duwong.
A, 12 do loi dién ap vi sai, tir ddy ve sau ching ta goi ching 14 hé 80
khuéch dai vong hé va ki hiéu la A, (open loop).

Ti:'ll’..‘:if'f. VH:UB_FA:LP_F_F_ (-1[}.-1}
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Di¢n ap ra: v, = A (v _”A]z AoV (10.2)
Hay: v, = Y
Ayor (10.3)
Dic tuyén truyén dat ciia Op —amp ¢6 dang nhu sau:
'\."n F
%, Tt R E.iu:-l héa diomg

=
-

V8 AV =V v

Vg -Vg i
[ H u Vg

Ve
Bdo hda Am

Hinh 10.3. Bic tuyén truyén dat cia Op-Amp thue té va Iy tudng.

Mach Op-Amp c6 thé hoat déng & ving khuéqh dai (-Vs + Vs) va
ving bdo hoa duwong AV, >V,,AV, <V, . Opamp c¢6 thé coi 1a mot linh kién
bén din sir dung trong céc bd khuéch dai, lac d6 ta phai phan cuc va thiét ké
sao cho [-Vs + Vs] gian rdng ra. P thi 1a dudng —V's, 0, +V’s nhu trén
hinh 10.3.

Sir dung trong k¥ thuit s6 ta thu hep khoang (-Vs+ Vs) dé dic tuyén
chi co bao hoa dm va bao hoa duong.

10.1.2. CAu tric cdc khdi cia mach khuéch dai thuét todn

a. Khii ghép vi sai:

Khéi ghép vi sai 12 cdu triic chinh ciia Op-Amp. Nhu dé trinh bay &
chuong 8, khéi khuéch dai vi sai trong Op-Amp yéu ciu c6 hé s6 nén tin
hiéu nhiéu rét 16n, do d6 ngudi ta thuomg thay vao Ry 13 cde ngudn dong
dién, va dé dat dugc hé s6 khuéch dai cao, nguoi ta thay Re bing céc ngudn
ta1 tich cuc.

» Céc mach ngudn dong dién:

Cédc mach tao ngudn dong dién trong Op-Amp duge ding dudi dang
dong dién guong, cé chirc ning tao dién trg tai cuc E 16n dé mach khuéch
dai vi sai ting hé s6 nén nhidu.
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e Mach dong dién gwong co béin:
Dong dién guong co ban thudmg c6 gid tri dong rit nho tir 10-100 zA |

BIT & ngo ra mic kiéu chung curc nén (base common ) CB nén c6 dién
tré ngd ra 1om.

R Tai tich

Hinh 10.4. Dong dién guong co ban.

Trén hinh 104, ta ¢6 Iz 1a dong dién chuin Q, ¢6 cuc B va C noi
chung lai, nén Q, dwoc ndi thanh diode. Gia sir Q1, Q; dugc ché tao trén
cling mét chip ¢6 cdc théng s6 giong hét nhau.

Nén Vari = Vies
(10.4)
Iy =1Ig=1; (10.5)
I
Ta cé: Igi= =fy =1,
g+l (10.6)
e j’—|—l Ll 1 | 2
/ (10.7)
1ol o, el 5y
g+l (10.8)

Ti s6 giita dong [, va 0

I, __ BB+ _ B 1
L. (B+)A+Dl; p+2 1+%¥

(10.9)
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Tacé f rt I6m nénl +%3 ~1do @6 I.,=1I,. Viy dong dién Iz gin
bing dong Iz ciia Q2 nén duge goi 13 dong dién guong.
Péi voi dong dién guong co ban dong Iy Ti:
Vee = (Vi) = Vi
R (10.10)
Téng trd ngd ra la: Z =r = %m

I, =

(10.11)
e Mach dong dién gwong Widlar
Guong Widlar ¢6 so ¢6 mach nhu hinh sau:

Hinh 10.5. Dong dién guong Widlar.
Nhén xét: cuc E clia BJT ngd ra dugc nbi qua mét dién try dén —Ve.
Trong dong dién guong Widlar, dong dién I, khong bang dong dién
chuéin Ip, nhung né bang mot phin nho dong I duge xéc dinh béi dién tro
R. Uu diém cua mach 13 c6 thé tao ra mét dong dién nhé khéng cin phai
ding cic dién trd cd gia tri 1om.
Do Q, 14 transistor mic theo kiéu diode, nén

Viei =V; In i:_R
§ (10.12)
Trong do6 Is 1a dong bao hoa ngugce cia transistor,
Va do cé mot ph:ﬁn dién ap roi trén dién trd R nén Vggs nhd hon Vg,
Vi viy dong Ig gidm nho lam I, giam nho theo:

Vi =VRE +Viaey = Lo Re + Vo =1 Ry + Vo (10.13)
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Khi d6 ta c6: Fom 80 —{—1::3) Ve, —

Il’?
Ve, =VT]HI_
g (10.15)
Iy
IRy = Vg Vi, =V In—

l, (10.16)

Téng tré ngd ra cia dong dién guong Widlar duge tinh theo so do
tuong dwong cua mach:

& i (10.17)

Vx +h iy + heiyr, =10, (10.18)

V. =_i,r}(hfg+hfe?;)+r;ljl {]{]‘ig]
ih, =—i, (R k)=~ Ak L

R +h, (10.20)
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, R
I, ==I_
R+h, (10.21)
: ; R .
Tha}f I vao: Vy =1 “Ir'e T hfero) Tty
R+h (10.22)
Viy tong tré ngd ra ctia mach 1a:
V. (h,+h.r)R
Zazﬂﬂﬂﬁ:._x:( £ +rﬂ
I, = R+h, (10.23)

Viy tong trd ngd ra cia mach Widlar 16m hon mach co bén.

¢ Doing dién gwongWilson

g Ve
|
2 i Tai tich cuc
I L
R I
Q e | I"”J
A Q
]
% Vee

Hinh 10.7. Dong dién guong Wilson.

Guong Wilson c6 cuce E cia BJT ngd ra duge ndi qua mot BJT dén —Vig.

Ta c6: Ve = Vars
I, =1,=1,
IF
Ta c6: Im=IH=ﬁ_"_1
g el
p+1 (10.24)
IF3=I(.'1+"FB'.I+"’BE=!§+§ E
f+ (10.25)
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_ AFE -
CB+Y (10.26)
2
2
"r.r.l =IC3 =i1IE'3 =IE,B—+1,?-'
f+ (B+1) (10.27)

Iﬁzfﬂ-l—fﬂﬂz

By P2, :f{ﬁl +2ﬁ;?}
b +1 (41 (BF+1) (10.28)

Ti 86 giira dong Ip va dong Ig:

I, p°+28
ﬂ_ﬁ1+2ﬁ+2 (10.29)
Vi dong I 1a:
= Vee = (Ve ) = Vags —Viss

R (10.30)

Tong tré ra cia mach dong dién guong Wilson duge tinh theo so
dd twong duong tin hiéu nho:

A Hyalps
B3 Sl PO Ear iy
. by
. (i 3 L_'_-r
by Epz T
B 3 [
2
Y b2 Cf)
> =4 Wy
Vx? hie? 7.0 ": w2
By -~ febb2
77 Vs
E; E;

Hinh 10.8. So do twong duong tin hiéu nho cua dong dién guong Wilson.
Vv
Tacéd: Z, =—Z2
I

X

Do r,5 16m hon rét nhidu h;.; nén tong trér bing h;.,
L) +hﬁ?1‘iﬁ:2 = h_;"ezihz (10.31)

Veer = lyaflipy 1570 (10.32)
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Khi dé khéi E;, B;, C; dugce thay bﬁng dién tror 1.5

C, Co
Bg -iff-? i IIE
o —
+
Vo hies - Vo2 g Fe
i }{felbz
L ]

Hinh 10.9. Mach twong duong.
Xét nhanh B1E; v C2Ez: (két hop véi nhanh viva xét & trén):

BI Cg -
Ir;;.; lI 2 Y 2
+ -
v‘d hiﬁ:i § Fe VIJ g Fe2
& L
E.i' Eg EE

Hinh 10.10. Mach tuong duong.
Do dong iy,; nho va hy,; 16m nén nhanh B|E,; ¢6 thé bo qua.

3 2
So d6 mach con lai nhu sau:

" h_ﬁ:fi,j
Bj e in3 Cz i, ﬁ

Ayt «—a F - lx
; + - . s [
iy Vis fez e il
o3
;g
1 Trar s -
V. Fea C’) L
Far xi
Rgdnr -
Frrd
E; E;

Hinh 10.11. Mach twong dwong con lai.
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e = k_ﬁllm S

(10.33)

Do dong 1, nho (1, 1om) va Q,, Q; ¢6 cing thing $6 nén:
I = hm I S i, (10.34)
by h_fﬂih3 +ia =2, =2, (10.35)

ho = U ~hpgly = U + flig =1 (B+2D) (1436
VI :felrez +'im3rrﬂ ':Ee?_'.re'l +E-‘-’1{-ﬂ+2)r”3 = (IUBT)

7 =E_ il Hin (B+2)1, =£r

o i3
I, Zi,y 2 (10.38)
Viy mach guong Wilson c6 téng trd ra 16n hon rt nhidu mach co béan
va Widlar.

» Bus phan cuc:

C6 ba dang bus phin cue thirdng ding trong vi mach tuyén tinh: bus
phin cuc ding dong dién geongeo ban, bus phéan cye dimg dong dién guong
Widlar, bus phan cuc ding dién tro ti 1€.

Hinh 10.12 1a nguﬂn déng duoge ciu tao tir dﬁmg dién guong co ban
ding dé tao ra cdc ngudn dong én dinh c6 cdc tri sd khac nhau. Cic dong
khiae nhau nay dya trén tinh chat 1a dong dign cuye thu ti 1€ v dong dién bao
hoa I trong transistor don khéi, dong dién bdo hoa ti 1€ v kich thude
transistor va kich thudc cua vi mach.

+V¢C
R I| 11 5 15
Y oY x03rix07 ¥
Ir
e Z
l/‘ol P TG PO TG
. - . i
-VEr

Hinh 10.12. Bus phdn cuc dung dong dién guwong co ban.
Cac kv higu trong bus phén cuc dong dién guong:
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— Transistor Q, khong c6 ky hiéu gi nghia 1a Q, c6 kich thudc béng

. A
transistor chuan Q.

— Ky hiéu x2 ¢ transistor Qs ¢ nghia 1a kich thudc cia Qs gap d6i Q..
— Qs ¢6 hai collector, mdi collector tidu biéu cho 1 BJT riéng 1é gidng

nhu Q.

— Transistor Qs c6 4 cuc collector nén Is = 41;.

Hinh 10.13 mé ta so do mach dién cia bus phan cyc ding dong dién

guwong Widlar:
+V.|:.|:
K L I |
Ix
Q4 Q2 Qs Q4
R, R R,
-Vee i i

Hinh 10.13. Bus phdn cue dung dong dién guong Widlar.

Cong thire tinh dong:
LR =V o2
I (10.39)
IR,=V,Iniz
I (10.40)
IR,=V,Inlx
£ (10.41)

Trén hinh 10.14 mo ta mach bus phan cuc dung dién tro t1 lé:
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+Ver

e hBb

$ .
-Vgr

Hinh 10.14. Bus phdn cuc ding tro ti €.
Mach hoat dong dua trén hai nguyén tic 1a céc dién ap Vgs cla cac
BJT déu bang nhau.Dién &p roi trén cic dién trd cta cdc transistor phai bing
nhau.

Do do:
V, =V, < IR, = LR, s
R
3 R ?T
I=1I, Ry
R, (10.43)

> Tii tich cue

Tai tich cycla tai trén cye ¢ cua mach ghep visai dugc thay bang céc
ngufin dong dién dé tang hé s6 khuéch dai ctia mach.

T VIJ_"C

Hinh 10.15. Mach khuéch dai vi sai dung tai tich cue.
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Qs va Qg dong vai tro 1a diﬁng dién guong co ban ding dé tao thanh
ngudn dong 6n dinh cho mach khuéch dai vi sai va ¢6 tong trd ra 16m.

Taco do=la (10.44)
Q) va Qs 14 2 transistor tao thanh mach khuéch dai vi sai.

Lphins (10.45)
Xem I.=1,;

Q; v Qs ¢6 cdc théng s6 gidng nhau nén:
1
IL=1,==2
2 (10.46)
Qs va Qq :'}‘éng vai tro 1a di‘:mg dién guong co, ban dé tao thanh tai tich

cuc cho mach khuéch dai vi sai.Qs 14 transistor diéu khién tao ngudn dong
on dinh cho Q.

V&i hé s6 beta 16n thi:

13 = It

Iy =1, (10.47)

=1,=1 (10.48)
Ta cé: I =1-1I, (10.49)

Néu I, =0 thi 7, = 7, goi 1a diéu kién cin bing. Tong trd ngd ta cia
mach khuéch dai vi sai la:

7 TN 056
Do dong dién cuc C rat bé nén téng trd ra ciia Qz v Q4 16m, dién trdy
tai Ry cang lém s€ lam cho d¢ lgi 1om.

Heshidnbintai vinai: A, =l meft (10.51)
Vi 2E

Vay d6i vai dién 4p vao cach chung trong truomg hop 1y twong s&
khong c6 tin hidu & ngd ra, tuy nhién do hai BJT khong thé gidng nhau vé
théng s nén van ¢6 dién 4p cach chung & ngd ra.
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Hé s6 nén tin hieu cich chung - CMRR ding dé danh gia mach
khuéch dai vi sai vé kha niing khuéch dai su sai biét dién dp & hai ngd vao.
CMRR cang l6n mach khuéch dai vi sai cang tdt.

b. Téng doi mire trong mach khuéch dai thudt todn

Tfing di mirc ¢6 chirc ning 1a dich mirc dién ap DC tai cuc C cia
tang khuéch dai vi sai xudng mirc dién 4p thdp hon dé ngd ra ciia Op-Amp
cO mirc dién ap OV khi ngd vao Vi, = OV,

Chc kiéu két n6i transistor thudng ding trong vi mach:

(a) (b) (c)
Hinh 10.16. (a). Diode; (b). Diode Zener, (c). Diode Zener co bu nhiét.
Cac dang mach dich mirc co ban c6 dang nhu hinh sau:

+1|.’|:|: -I-';.:'m: +':.lr|:[: +1\:'|:|:

e a

Vi Vi Wy Wi
1221

R D Vz
| Ry
L Vo Vo

R D =] ¥o —
1 RE .U.l:l
l -VEE -VEs -VEE i

a (B} ({=] (e}

Hinh 10.17. Mach dich mitc dimg: (a). Cau R. (b). Chuoi diode.
(c). Diode Zener. (d). Mach nhdan Vg
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CHUONG 10

¢. Mach xudit tin hi¢u ngé ra:

Cé nhiém vu khuéch dai dong, c6 téng tré ngd ra nho, cd kha ning
cho tin hiéu ac ra lén van lfht‘:-ug bi méo. Cac mach xuét tin hi¢u ngod ra
thudng cd dang 1a mach khuéch dai cong sudt dang day kéo.

+Yee

— I

Q1

Q2

Vo

(a)

+'lrg_;|:'

|

* 8

I

7
)14

ks
| ol
| .

B
By
¥
R

?

o

Oy

Ty

(c)

-NEw

+¥ee
« [
._________[: (=5
Sl
vy iy . Wi
Ja
Ry
-V
(b)
+Veo
|
] B——E Qs
i: 81
I: Dz
{: 0y —U-
SR “
b %
l: 8]
(d)

Hinh 10.18. Cac dang mach xudt tin hiéu ngé ra.

» Mach hinh a: ci hai transistor ciing roi vdo vimg ngung din khi tin
hiéu vdo cé bién d¢ nho hon dién 4p ngudng nén giy méo xuyén tim doi
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vi tin hidu ngd ra. D& han ché méo xuyén tim thi phai phén cuc cho 2
transistor Q, va Q; hoat dong & ché do AB.

» Mach hinh b: 1d mach cai thién cia mach hinh a, 2 diode va Rs, Ry
déng vai trd phén cuc cho Q) v Q2 & ché d6 AB.

» Mach hinh c: 1a mach nhéan dp Vgg gom Qs vi Ry, Ry ¢é chire niing
tao ra dién dp 2V dé phin cuc cho Q) va Q..

Ta c6: Ve =Vgea(l +£)

k (10.52)

Pién ap Vg cua transistor Q- dugechinh sao cho hﬁng 2Vge. Rava Ry
phin cuc cho Qs hoat dong.

#» Hinh d: Qg Q;, Ry 1d mach dong dién guong dé mach ngd ra hoat
dong on dinh.

Qs 1a transistor méc kidu diode cing v&i Ry va Qs va ngudn dong dé
phén cure Q4. tao thanh mach nhén ap sao cho Vegs = 2Vgg.
10.1.3. Khao sit so' 46 nguyén I¥ ciia mdt mach khuéch dai thuét
todn Op-Amp
Céu triic chi tiét bén trong ciia mot Op-Amp nhu hinh 10.19.

v +I5V
-
o | b Led L
= l‘-ﬂ Lal =
& B BE 12y ~
k% 10W L Qs
Q Q —|: : :I—
' 1: j, 10V B & 10V
0TV 0.7V
5060 3060
‘%’ +0.7V -—|:t:,-ri
= +9.3V
& Output
o, S10.2V J s . —
= [ 109V a 09V |2 e <o
= | @ B

|.15v

Hinh 10.19. Mach kchuéch dai thudt toan don gidn.
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Q-+, Q¢ lam thanh ngucj:‘-n dong on dinh cing vai cac dién dp phan cuc
dé cip dong cho hai ting khuéch dai vi sai.

Q1. Q: Vi céc dién tré 25kQ vi 50Q thanh lap ting khuéch dai vi sai
& ngd vao. Pién trd 50Q nidm & cue E cia Qy, Qo ding dé ting tong trdy vio
cho mach khuéch dai va 1am gidm bét d6 nhay khi r. thay d6i (6n dinh
nhidt),

Qs, Q4 thanh 1dp tng khuéch dai vi sai khéng cin bang dé ting do loi
dién 4p.

Qs ding lam mach dich mirc dién ap.
Q, 12 mach CC ding dé xuat tin hiéu ra tai.

10.2. UNG DUNG OP-AMP NHU MOT PHAN TU MACH
10.2.1. Mach khuéch dai khéng dio
So dd mach khuéch dai c6 héi tiép nhu hinh 10.20.

Hinh 10.20. Mach khuéch dai cé héi I.fé"p {am.

Hiy x4c dinh d6 1gi dién 4p vong kin va tong tr& vao va tong tréd ra
ciia mach.

Xdc dinh d6 1o1 dién ap vong kin:

Dé don gian ta ki hidu A, = A, = A

Ta tinh dién ap ra:

R

!

R +R

vﬂ:Avid=(vi—vA)A=A[vf—vn ]
d 2 (10.53)
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Hay: y = Av,
1+ A L
Npkdog (10.54)
Suy ra d6 lg1 dién dp vong kin:
Vv A A
Ay = =
V; 1+ A Rf 1-|-.."’1J|(J'i
R+ R, (10.55)
Véi B =
R +R,

(10.56)
Péi voi mdét Op-Amp 1y tuong thi 46 loi vong ho
A, =A, = A= (rit 16n) khi d6 hé s6 khuéch dai vong kin s& 1a:

A Yo RitRe | Re

1V

: R, R (10.57)
Xic dinh tdng tré vio Z, =% :

Ta ¢6 so d6 mach twong duong dé tinh tdng tré vao nhu hinh 10.21.

Hinh 10.21. So d6 mach tuwong dwong dé tinh tong tré

Tﬂ El'j de’ = ('P!- _v.-! )= VI' _vﬂ Rf
R, +R, (10.58)
Mic khac ta co: Vig =1, R, (10.59)
Vi v, =AV, = Ai|R, (10.60)
Ta co i, R, =v4'_‘4iﬁf
R, +R; (10.61)
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Suy ra V,—=[R;+ARRIR Ra')x"::
y Loty (10.62)
Téng trér vao
Z, =Y <R+ A—""_R =R(1+A="1)=R (+Ap)
i, R, +R, R, + Ry (10.63)

XAc dinh tong tré ra Z, ==
I

i

Ta ¢6 so d6 twong duong dé tinh tong trd ra nhu hinh 10.22.

v,=0:

Hinh 10.22. So dé mach twong dwong dé tinh tong tré ra.
Dé tinh tdng tro ra thi ngd vao + phai nbi mass.

Tacé v, =1t +Av,

(10.64)
MEI: Vi =[-]'—],?A =—V, RI
R +Rp (10.64)
Suy ra v, =ir—Vv, i
R+ R, (10.65)
Hay: o il
y V. AR,
1+
by ol (10.66)
Viyténg trorala; Z =e = o B
A Yl g A% ThaAg T
Bk Ry (10.67)
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10.2.2. Mach khuéch dai dio
Gia dinh v& dong dién: “d6i v6i Op-Amp 1y tudng thi xem nhu tong tro
vio Z, =0 nén cd thé xem nhu khong ¢o6 dong dién chay vao trong
Op-Amp”.

i R

— — [}
R, o (10.68)

Mach khuéch dai dao c6 so @6 mach nhur hinh 10.23.

i =

Hinh 10.23. So d6 mach khuéch dai ddo.
Hay xdc dinh d lg1 dién dp ctia mach. Cé hai cach dé x4c dinh:
# Cach 1: cich tinh chinh xéc:

Y=y Vy—¥

Ta co: i

|

|

Il

L1
-

R, R, (10.69)
Vn: vmz(:vﬁ—vri)zﬂ—vﬁ s
A (10.70)
Thay vao phuong trinh trén
o Y i
R, Ry, (10.71)
v AR
Suy ra Apy =— == —
“ v R.+(1+A)R, (10.72)

Vi hé sb khuéch dai vong hé ciia Op-Amp 1y tuong rat 16m nén c6 the
Xem vi AR, >> R, nén hé s khuéch dai s& 12
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V
Ay == et
Vi 7 (10.73)

% Céch 2: cich tinh gan ding:
Theo gia dinh vé dong dién ta c6

o el By
, =1, = R = 7
f F (10.74)
Theo giddinh védptacd v, =v, =v, =v_ =0V
Thi R s B
vi R (10.75)

Vi du 1: Mgt Op-Amp c6 A, =100,000, dién ap vi sai ngd vao
v,y ==104V (rms) hay tim dién 4p ra,
Gidi:
Ta co:
v, = Ao (Ve =V, ) = Ay = 100000 (—104V) =1V (rms)

Viy vol dién ap vao vi sai v, =—104V thi dién 4p cta cac ngo vao

¢6 thé ¢ 1a:
v, =10uV,v, =0V
Hay v, =1.000010V v, =1.000000V
Hay v, ==—1.9999904V ,v, =-2.000000.V

Vi du 2: Mot Op-Amp c6 Ay, =100,000, dién ap ngd ra la v, =2V
(rms) hay tim dién ap vi sai cua ngd vao.
Gidi:
Vv 2

Tacéd v, =—2-= =20V
A,, 100000

Nhdn xét: chi mot sy chénh léch rat nho gitta hai ngd vao cta Op-
Amp s€ duge khuech dai lén rat 16m tai ngd ra nén Op-Amp it duge sir dung
dé khuéch dai tin hidu & céu hinh vong hé.
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Vi du 3: Mot Op-Amp lam viéc trong mach khuéch da1 ddo cO Ry =R
= 1k. Hay tinh d6 lg1 vong kin trong hai trudng hgp A=100,000 via A=10.

Gidi:
Véi A=100000:
V&1 cach tinh chinh xac thi:
B B AR, _  100000x1kQ  _ o000
v, R.+(1+AR, 1kQ+100001x 1k
Véi chch tinh ghn dimg thi: A =22 =—% )
v:' I
Sai s6 % = ﬂxlﬂﬂ =0.02%
Véi A=10:
Vi cach tinh chinh xé4c thi:
A Neee ARG .. TORIER .50
Ty R.+(1+A)R,  1kQ+11x1kQ
ik - % - : ¥ RF
Voi cach tinh gan ding thi: A, =2 = e -1
i I
Sai s e%:ﬂxlfﬂ]:ZU%

10.2.3. Mach khuéch dai khéng dio c6 phén dp & ngd vao

Mach khuéch dai khéng ddo cé phéan 4p & ngd véo c6 so d6 mach nhur
Hinh 10.24.

Hinh 10.24. So dé mach khuéch dai khéng dédo c6 phin dp ngé vao.
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Hay xac dinh d6 lgi dién ap cua mach:

Taco v, =V,
Hﬂ}l’ '|,PI_ Rg = -I_r-ﬂ Rj
R, +R, R, +R, (10.76)
Dién ap ra v, =W o AL
R,+R R (10.77)

i dfibeh i A =Yie 9 ke
e (10.78)

Pién 4p ra bi suy gidm do cau phén dp ding dién trd.

10.2.4. Mach khuéch dai khéng dio véi d loi bing 1 — mach
khuéch dai dém

Mach khuéch dai khéng dio ¢ so d6 mach nhur hinh 10.25.

Hinh 10.25. So d6 mach khuéch dai dém.

Tihesbkhubchdai A, =Ye=Tetf g Ko
V. R, R,

I

Néu tang R; 16n hon nhiéu lan so v&i Re va giam nho R thi ta c6
R)MR,

Suy ra R.+R, =R,
Khi d6 hé s6 khuéch dai s& 1a

Ayer = Yo & =l
Ve (10.79)
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Vi R, c6 gid tri 16n nén xem nhur hé mach va g, nho xem nhu ngin
mach. Khi d6 so d6 mach Hinh 10.25a tré thanh Hink 10.25b ’vﬂ goi 1a mach
khuéch dai khéng dio c6 d6 1gi =1 con duge goi 12 mach khuéch dai dém.

Mach khuéch dai dém c6 tong trér vao rét 1om:

Z:=L=Rid+‘d‘ % &d=R&:’{1+A)
; R+ R, (10.80)
Mach khuéch dai dém c6 tong trér ra rit nho:
v r r
F o=t — el - i
A AT
R, +R,

(10.81)

D) loi ciia mach bing 1 nén mach nay thudng ding dé phéi hop trd
khéng (c6 chire ning ting tong trd vio va gidm tong trd ra). Gid tri cla Ry
khoang tir 1 dén 50k va d6i khi ta c6 thé bo luén Ry.

10.2.5. Mach khuéch dai cdng ddo

Mach khuéch dai cong ddo cé ba tin hiéu vao ¢é so do mach nhu hinh
10.26.

Hinh 10.26. So dé mach khuéch dai cong dido.

i s 1"'II A Vz w bt 1?3
TEILJj. Il——;lz——;lj__
R, R, R,
“ A g . . . ¥
Dong dién =i +i+i;=——=
B (10.81)
: R R R
Dién dp ra vﬂ=_|: E oy 4=y, + Fvﬂ}
5 % (10.82)
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Vi du: Mot mach trdn tin hiéu d&m thanh c6 10 ngd vao. Dién trd mbi

ngd vio la R, =R, =R, =..=R,,=1kQ va dién tr¢ R, =10k, dién ép tt
ca cdc ngd vao déu bing nhau v, =v, = v, =...=v,, =20mV, cdc ngd vao
déu ciing pha, cho A, =50000. Hay xdc dinh: dién 4p ra v,, 46 loi vong
AVGIL
kin, hé 86 Ay =——
AVCI._M&;.I
Giai
Dién dp ra
R R 110
V. =—?‘W[vE U+ Vo = D v =—10x200mV =-2V
) ;R
— R,
Dé loi vong kin: A =—F
Ry
Trong do R, =10k
R, 1k
Ry =R IR N IRy =2 === =1000
R 10kC2
Nén A e B =—100
R, 100
50000
Khi d6 hé s6 Ay = i S . =495

A‘[?CL_.i:daﬂ 1_*41&:;_ dao 101
10.2.6. Mach khuéch dai cong khing ddo trung binh

Mach khuéch dai cong khong dao trung binh ¢6 ba tin hiéu vao cé so
d6 mach nhu hinh 10.27.

Hinh 10.27. So dé mach khuéch dai céng khéng déao trung binh.
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Taco i, +i,+i, =0 (10.83)
v, =V Vo —VW V.=V
Hay e |
% By R, (10.84)
’ ! } ] 1 1
Bién dbi ‘—1+ﬁ+"—3=u3[_+_+_]
L E K B By B (10.85)
Suy ra
vg=[i+vz+v3]x 1 =(i+""r_3+1":l3 xR,
R R R [_l+i+iJ ERR
s - (10.86)
2 1
Trong d6 R, = : :
(;;;] (1087)
R R R
Ta co v, =V, =v, R,
B b (10.88)

Suy ra dién ap ra:

Gt Bl 5 (W8 o Vo o 10BNl B g e oo Taioigg
R R RO

% RI RI R_r | 2 3
Néu cho Ri=R,=R,=R (10.90)
| R
By R — -
Thi 4 (1 1 1) 3
ik R il
R R R (10.91)
R, 1
Ha L =_
J R 3
Didin fip 4 vn:(RI+RFJK(v,+VE+v3J
R, 3 (10.92)

364



GIAO TRINH BIEN TIF CO’ BAN CHUONG 10

Vay dién 4p ra bang trun% binh céng cia ba tin hi¢u ngd vao nhin vai
hé s6 khuéch dai ciia mach khuéch dai khdng dao.

10.3. PAC TINH THU'C TE CUA OP — AMP
10.3.1. Offsets va bu offset

O phén trude, ching ta di xét op — amp 1§ twong, trong thue té ché tao
vi mach Op —amp ton tai cdc tu k§ sinh va nhidu yéu t6 méi truomg da anh
hudng dén hoat dong cia Op — amp nhu: dién 4p vao offset, dong offset, cac
dong phin cuc va trdi offset. Cac yéu td nay thuong xay ra ting khuéch dai
vi sai.

Dé op —amp 1dm viée t6t, ta phai khic phuc cic nhuoc diém do.

a) Khio sat dnh huwdéng cia dién ap Offset ngd ra do dién ap offset
ngo vao:

Dién ap offset ngd ra 1a dién dp chénh Iéch so voi dién dp ngé ra ly
fuong. Dién 4p nay do co6 dién ap offset cia ngd vao sinh ra,

Pién 4p offset ngd vao 1 do sy phin cuc khéng cin bing cua ting
khuéch dai vi sai (khuéch dai vi sai) hay do hai transistor ctia ting khuéch
dai vi sai ¢é cic théng s6 khong gidng nhau. Ngay ca khi hai ngd vao ndi
mass (0V) thi dién 4p ngd ra vin khic 0V — gid tri dién 4p nay dwoc goi 1a
dién ap offset ngd ra va ta xem nhu c6 mot dién ap offset & ngd vao giy ra.

Ta ¢6 didu kién 1y tuémg dVi *- dVi =0, thuc té gid tri ndy luén khic
khong do d6 ta xem né nhu mét ngudn dién &p méc nodi tiép véi mot trong
hai ngo vao va tach ra khoi mach khuéch dai vi sai nhu hinh 10.28 — khi d6
mach khuéch dai vi sai xem nhu duge phin cuc cin bing.

Vi{.'l
L oo _'I'_m
Ls = Yy
\_/

Viﬂ

Hinh 10.28. Pién dp offset dugc tach ra khoi mach khuéch dai vi
sat.

» Xét dnh hwéng dién 4p offset & mach khuéch dai do:

Truong hop I: Ta xét anh hudng dién ap offset & mach khuéch dai
dao dién 4p offset ngd vao xudt hién & ngd vao v, nhu hinh 10.29
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llfi . V §* :--vm 1;:'
10 =
i &

Hinh 10.29. Mach khuéch dai dao véi dién ap offset & ngé vao Vo

Xét timg dap g
Vv, v, = b v,
RJ’
Vaiv,,: Vai = i Vio
R,
Bién ap ra cho ca 2 ddp img: v, =—% v, + R, ; Re Ve

i ' (10.93)

Néu viéc khong cin bing bén trong xdy ra theo chidu nguoe lai thi
dién 4p offset tao ra s& bi ddo chiéu — cé dau trir nén ta c6 phuong trinh tong
quat cho dién ap ra nhu sau:

R, R +R

p,=——Ly L L)
o EY R, 0 (10.94)

Nhin xét. dién ap offset ludn ludn duge khuech dai boi hé s6 khuéch
dai ciia mach khuéch dai khéng déo.

Truwong hop 2: Pién 4p offset ngd vao xuit hién & ngd vao V nhu
hinh 10.30:

Hinh 10.30. Mach khuéch dai dao véi dién dp offset & ngé vao v
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Xéc dinh dién ép v, :

Ta céd 2
Viét theo ap: %=V VYo%,
R, R, (10.95)
Phuong trinh trén duge viét laity, =— Re v, + Ay Vi
R R, (10.96)
Néu Vi ¢6 cue tinh nguoce lai thi ta ¢c6 phurong trinh:
L S R L kil Vie
K, R, (10.97)
Tong quat ta c6 phuong trinh: v, =— A v+ Byt V.,
R R
; f (10.98)

Nhdn xét: dién ap offset ludn luén duge khuéch dai boi hé sd khuéch
dai cia mach khuéch dai khong dao.

> Xét dnh hwing cia dién 4p offset & mach khuéch dai khéng déo
Truong hop 1: Pién 4p offset ngd vio xuit hién & ngd vio Vv,

Mach khuéch dai ddo vin dién dp offset ngd vao xuit hién & ngod vao
v, nhu hinh 10.31.

Hinh 10.31. Mach khuéch dai khéng dao véi dién dp offset ¢ ngé vdo Vi

_RF+RF'

al .l: -i - i
Hg so khuéch dai ciia mach: A, = =

i

Truomg hop V,, cing dduvéi V,: V, =v, +V, (10.99)
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Pién 4p ra: v, = (v +Vio)

(10.100)
Trudmg hop V), nguoc dau véi vi: Vy=v,. =V,
(10.101)

Pigndpra: v, = E (v, ~V,,)
: (10.102)

Tong quat cho ca 2 trudng hop:v, = i B Gl

i vﬂ']
R, R (10.103)

Truong hop 2: Dién p offset ngd vao xudt hién & ngd vao vV
Mach khuéch dai ddo véi dién dp offset ngd vao xuét hién & ngd vao

V_ nhu hinh 10.32.

Hinh 10.32. Mach khuéch dai khong dao voi dién dp offset & ngé vao V.

Truomg hop V,, cuc tinh nhu hinh 10.32

Ta cé: v, =v, =V,
(10.104)
Suy ra V=V, +Vy= R ‘T—IR Vo
P Mg (10.105)
Hay o =@(Vi +vm)
R
r (10.106)
Truémg hop V), cuc tinh ngugc lai thi:
& i ]
R, (10.107)
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Két ludin: Pién dp offset & ngd ra luén duge khuéch dgi béi hé sb
khuéch dai khong ddo.

b) Xét inh huwdng dién Ap offset ngd ra do dong dién phian cuc
ciia ngd vao:

» Xét Anh hwdmg ciia dién ap offset ngd ra phu thude vao dong dién
offset ciia ngd vao:

Ta xét mach dién nhu hinh 10.33.

Hinh 10.33. Mach khuéch dai ddo dé xét anh hirong cua dién tré phan cuc.
Dong dién phin cue cho cdc transistor khuéch dai vi sai thudmg rét
nho khoang 100nA d6i véi mach ding transistor.
Céc dong dién phin cuc I, va I, s& giy ra dién dp offset ngd vio va
s& xudt hién mdt dién 4p & ngd ra khi op_amp st dung & cdu hinh hoi tiép.

Ta c6 phuong trinh dong dién: i, =i, +i,_

(10.108)
Bay giorta vin xét i, vixem V, =V, =0V
Nén . B
R. R (10.109)
s R, :
Dién ap ra: Vv, =———V, + Rpig_
R, (10.100)
DBién 4p offset ngdra: V,, = R.i;,_
(10.101)

Két Iugn: dong dién offset ngd vao s& giy ra dién 4p offset
Vor = Rply.
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e B offset va tinh todn gii tri dién trdé bu R,

Pé bu dong dién offset ngd véo ta ding mot dién trd Re gan thém vao
mach khuéch dai nhu hinh 10.34.

Hinh 10.34. Mach khuéch dai c6 dién tré bi dong offset.

R¢ dugce goi 1a dién trd bu offset.

Dong I, chay qua dién trd Re s& tao ra mét dién 4p &m & ngd vao
khéng ddo, duwoc nhan véi hé sé khuéch dai cia mach khuéch dai khong
dio, dién ap nay sé triét tiéu v dién ap offset do dong I, & ngd vao dao
gy ra.

Ta co phuong trinh:  § =i, +i,_

= ti,
R, Ry (10.101)
R. R+R
Hay v, =— Fv!.+ 1 i v,+ Rip
R, ! (10.102)
Ta co v, =+, =—R.I,
(10.103)
Suy ra v, = —&v!. - RCI;M +R.i,
r K, (10.104)

Vay 48 din &p ta ding bing dién &p 1y twdng v, = —% y, thi:

I

R, +R
:R FRCI;

i)

R.I; =
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Va gia st I, =1 thi ta tinh duogc Re ¢6 gia tri nhu sau:

R, Rp

%_m+@

(10.105)
Thuc t& I, # I, sai l&ch giita hai dong nay khoang vai chuc nA, goi 1a
dong offset ngd vio !;.;:
Iio = £(I5 —Ig), vi vy khi c6 R, dién ap ngd ra:

R
a= F
v =—L vy +R.I,

1 (10.106)
Véy dién ap offset ngd ra lic nay:
Vor =Voio =3R:1},
(10.107)
 Bil dong dién cho mach khuéch dai khéng dio

So @6 mach dién bu dong dién cho mach khuéch dai khéng ddo nhu
hinh 10.35:

Hinh 10.36. So dé mach khuéch dai dém dugc bir dong bdi dién tré Re.
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Pién 4p offset ngd ra thay doi phu thude vao dong dién offset ngd vio
va dién 4p offset ngd vao:

(10.108)
Trong do:

tV,, la dién 4p offset do dong dién phéan cuc hay dong offset [,
hﬂ}" co thé 14 ng hﬂ}"’ Fﬂm
+V,, la dién ap offset do dién ap offset ngd vao.

Vi du: Céc thong sé ciia mdt Op-Amp nhu sau:

Trung binh Cure dai Pon vi
Pién  4p +12 +18 my
offset 105 145 nA
Dong phin +10 418 A
CLc
Dong
offset

Op-Amp duge sit dung & cdu hinh mach khuéch dai diao c6 d6 loi
Aver = -5. Hiy tim gia tri cua dién tro hdi tiép Ry néu dién ap offset khong
duge vugt qua 100 mV, mach ¢6 b dong dién.

Gidi:

Tinh dién ap offset ngd ra do dién dp offset ngd vao giy ra la:

V. = Fm{%ﬂ] =+18x6=+108mV

)

TEL Clﬁ VOC ziVﬂf i"‘:’ﬂ-"
Suyra +V,, =3V, —+V,  =+110—+108 = +2mV
Tacé V,=xI,R. =+2mV

Suy ra gi tri ciia dién tré Re 12 R, =% —133kQ) (max). Vay cb

thé chon Re< 133kQ.
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¢) Bu offset

Do dién 4p offset ton tai anh huomg xdu dén mach dién lam viéc nén
can phai loai bé ching trong mét s6 mach Gng dung, tuy nhién khéng phai
mach mg dung ndo cling bi dnh hudng.

» Cac vrng dung khong bi anh huong
a. Mach c6 dién &p ngd ra DC 16m va d§ loi vong kin nhé. Vi du mach
c6 dién 4p ngd ra 5Vdc s& khong bi anh hudmg dang ké néu bi sai
léch di 5mV hay 20mV.

b. Mach ghép ac ¢6 ty lién lac & ngo ra.
» Cdc trng dung bi anh huong boi dién dap offset

a. Mach khuéch dai dién &p DC nho.

b. Mach vdi dién dp ra 1a de c6 gid tri 16n nhung doi héi d§ chinh xéc
cao dén 2 s6 1é.

c. Mach ¢6 do loi vong kin 16n. Vi du: Néu mach c6 offset ngod vao
3mV nhung mach c6 dé lgi digén ap 200 s€ tao ra dién ap offset
600mV & ngd ra.

Pé loai bo offset ta diing dién tré bl offset Re va gidm nhd gid tri cha
Ry cang nho cang tot.

Dién ap offset & ngd ra vira 1a dién ap offset do anh hudng cta dong
dién va dién dp offset & ngd vao, va do khdng thé nao do duoc cic gia tri
dién 4p cu thé do dong dién hay do dién 4p offset ngd vao giy nén, do d6
cich b dién 4p offset tot nhat 1a ding mét bién tr¢r dé chinh.

Néu Op-Amp c6 chin offset null thi nén sit dung chin nay dé diéu
chinh offset, vi du

Op-Amp LM741.

Offset Mulling Circuit

LMT41 OUTPUT
4+

T

W —

Hinh 10.37. So dé b dién ap offset cia Op-Amp LM741.
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Néu Op- Amp khong c6 chin offset null thi sir dung céc phuong phap
chinh nhu sau: so d6 mach chinh ding bién tré nhu hinh 10.38.

Bién trds ¢6 gia tri Ry — tong tré nhin vao tir V,, 1a:
a. Khiky=0,Ry=0=>Vp=+4Vs

b. Khikp=1,Ry=0=>Vp=-Vs

c. Khiky=1/2, Ry =Rv/4 => V=0V

Khi d6 diém tiép xtic nim & giira.

Hinh 10.38. So d6 mach bién tro

> B offset cho mach khuéch dai dio:
So dd mach bi offset cho mach khuéch dai dao nhu hinh 10.40.

Hinh 10.40. Bu offset cho mach khuéch dai dao.
Ding phuong phép cong tin hidu dé b offset cho mach khuéch dai
ddo, 6 hai ngd vao: mdt ngd vao nhdn tin hiéu va mdt ngd vao nhin dién ap
bu V,.

R - R
Phuong trinh dién dp ra chamach: v, = —?"' v, +( £ }7,5
(10.109)

il R!'J‘
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vﬂ=—&v!.i
R

7

L ol
R

I

FH_J

Pé tach tin hiéu va dién ap bl offset doc 1dp vdn nhau thi ta st dung
mach bi nhur hinh 10.41.

Rp

Hinh 10.41. Tach tin hiéu vao va dién ap bu.
Trong so &6 mach gid tri cia R, <1000R,,
Tinh dién ap ra:
Gia sir cho tin higu vao bing OV (v, =0V ).
R;

Ta co VB:R 7 V.
o750 (10.120)
R
Ma Vy =V, =R IR Vo
gl (10.121)
Suy ra vﬂ:R’+RF>< i xV,
o (10.122)
Khi cho tin hiéu vao thi
vﬂ——&vriR’+R’?x i xV,
R, R, Ry+R. " (10.123)

Cha y diu cong trir trong phurong trinh trén vi dién 4p offset & ngd ra
c6 the 14 duong hay 4m va ta tao ra mdt dién ap co chiéu nguge lai dé triét
tiéu dién ap offset.

O trong so dd hinh 10.41, dién tré R, va R, tao thinh mdt cAu phan
thé, dién tr& R, ding d& bu dién ap offset do dong dién phan cuc tao ra, dé
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R
khong bi anh huwrdmg téi viée b dong dién thi ta nén tich R, thanh Ré = 1—;

va R, con lai chi bing % hay R’ +R.=R, IR, . So d mach dién sau khi
tach R, nhu hinh 10.42:

R;
Vi C>—\WWN

Hinh 10.42. So do mach dién sau khi tach B

> Bil offset cho mach khuéch dai khéng dao:

Phuwong phdp 1: So 36 mach bu offset cho mach khuéch dai khong
ddo nhu hinh 10.43

Pién tré nén chon nhr sau: R, =(10 >100)R,. Tét nhit 1a
R, =100R, .

Pé tinh v, ta nén cho v, =0, khi d6 mach digén tr& thanh mach
khuéch dai déo vai tin hidu vao 1a v, .

Piénapra V, do v, taorala O
Re R (10.124)
Suy ra v, =—£ I,
Ry (10.125)
PiéndpraV, do V, taora la it i,
R, (10.126)

Viy dién ap ra khi ¢ tin hi¢u vao va dién ap vao chinh offset:
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‘Uﬁ = R'r +R Vii[—il'rp]
R, R (10.127)

Hinh 10.43. B offset cho mach khuéch dai khéng dio.

Phuwong phap 2: Bu offset cho mach khuéch dai khéng ddo sir dung
dién trér R;. Ta chia R, 1im hai dién tr& dé tao nén ciu phén ap.

So d6 mach bi offset theo phuong phip 2 nhur hinh 10.44.

Hinh 10.44. So d6 mach bii offset theo phicong phép 2
Pétinh v, tanéncho v, =0,

Theo cac giddinhtacd V_=V_=0 (docho V, =0)

R
Ta c6 Veso oV
R +R (10.128)
Vi R/ =(1-K, )R, 1 K,R, =K,(1-K, )R,
(10.129)
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g \ R
Dién ap do bu offset tao ra v ==t __V,
(1I-K,)R, (10.130)
Diénaprav, dov taorala v = L S v,
R, (10.131)

Viy dién ap ra khi ¢o tin hi¢u vao va dién ap vao chinh offset:

R A4R, R,
;o= | ———V
% R g [ (I_K )R; x]

F F (10.133)
Hay:
R, +R, _|_[ KF(I_KP}RI J[ Ry ]\/
V,=———V, - F
R KoK )R +Ro | (1-K:R, ) ¥ (10 134
Hay L et i i[ . }VF
R, K,(1-K,)R, +R, (10.135)
Do Ry>>K,(1-K, )R,
(10.136)
Nén V, = Ryl v, i|:VF‘K.P x[_ﬁp ]:|
R, R, (10.137)

Phuwong phdp 3: ding dién tré
So d6 mach dién nhu hinh 10.45,

Re
Vi =>AM
(1-Ke)R;

VF
4

+Vee RF‘VL‘C KR

Hinh 10.45. So do chinh offset.
Dé tinh V, tanén cho V, =0.
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R."
I IV}:
R, +R;

Tacd V=
(10.138)

KRR, +(1-K,)R,]
R, +R, (10.139)

Véi: R} =K R, I (R, +(1-K, )R, )=

Suy ra dién dp v,

KRR, +(1-K, )R]

Vy =V 2 4k
PP KGR R +(1-K, )R, [+ R, (R, +R,)
2 (10.140)
ERIR+0-%. 0]
=g
KPRS[RZ +(1_KP)R3]+REJ(R3 +Rz}
Do R, ¢ gi4 tri rat 16n nén
RD{RS "'Rz)::'KPR:&[Rz"‘(l_KP)Ra]
(10.141)
K.R|R, +(1-K
Nén ta ¢6 thé xem V, =V, — | 2(+( R,
Ry(R; +R,) (10.142)
Pién 4 1 V K, v
ienap vV, la =
C R +(-K, )R, (10.143)

Suy ra dién ap ngd ra do dién ap chinh offset ngd vao tao ra la:
R, +R K +R R
L Ry HE‘.+(]_KP)R3
=V fR.r"'RF}KK Hz JX[KPRH[R2+(1_KF}R3]J
P
LR, +(1_KP }Ra RG(HEI +H-z) (10.144)

.
Yz R, + R, i R KR,
2 RE}(RE +R2)

h

o R, +R R
Diéndprav, dov, taorald vy =—"T—Fx—3 _y
R, AR

(10.145)
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Vay dién ap ra khi c¢o tin hiéu vao va dién ap vao chinh offset:

Vo = RJT i RF A R-; ¥ + [VP[RI +_RF J K(—ngpﬂ:i ]J
R R, + R, Ry RQ(RC-;"' Hﬂ) (10.146)

d) Dién ap va dong dién troi offset
Dién ap offset thay d6i theo nhiét d6 theo hai tiéu chuan:

1. Dong dléﬂ tro1 offset dugce goi 1a hé ) dong dién offset ngd vao
vado bang pA/~C.

2. Dign dp tri offset goi 14 he s6 dién ap offset ngd vao va do bing
uV/°C. Bé giam nho nhimg anh huéng nay ta phai thuc hién cic cong
VIEC Sau:
3. Chon Op-Amp c6 céc dic tinh tréi chép nhin duge theo yéu céu.
4. Néu khéng cho phép chon Op-Amp thi ta thure hién theo hai céch sau:
a. Pé giam trdi dong dién offset nén ding dién tr& Re va Re ¢6 gid
tr1 cang nho cang tot.
b. D& giam troi dién ap offset nén chon dé 1gi ciia mach khéng ddo
cang nho cang tot.

Vi du: Ding LM308 1am mach khuéch dai ddo ¢6 Ay = -50, R; = Re
= 1kQ vi Rp = 49,9KQ . Mach khuéch dai bi léch = 5mV & 25°C do 4nh
huong chung cua dién ap offset va dong dign offset. Xdc dinh dign ép offset
ngd ra & 65°C néu hé s0 dong dién offset 13 10pA/°C va hé s0 dién ap offset
ngo ra 1la 5pV/°C va ching déu lam ngd ra ting.

Gidi:

Nhiét db thay d6i:65 — 25 = 40. Dién 4p offset ngd vao & 65°C 1a

Dong dién ap offset ngd vao ¢ 65°C 12 40x10pA =0.4n4

Dién ap offset ngd ra & 65°C 1a

AEEL annw

Voi=02mV x

Vo=04nA xR, =0.02mV .
Dién ap offset do sy thay doi cia nhiét do:
VotV o=102mV + 0.02mV =10.22mV
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10.3.2. P4p trng tin s6 va én dinh cho Op-Amp

Mot Op-Amp 1a sy tich hop cia céc linh kién bao gom transistor, Fet,
diode, dién trd, tu dién. Bén canh d6 con ¢6 sy xuat hién cia tu dién ki sinh
gly tac dong xfu dén céc ting cia Op-Amp nhu ldm gidm d6 loi & tén sb
cao. Do d6 ching ta phai phan tich dic tinh tin s6 d on dinh d6 loi va tan
36 cho Op-Amp khi sir dung,

a. Dic tinh dd lgi vong hd:
» Mach twong dwong ac cia Op-Amp:

Mot Op-Amp co ban c6 ba ting phin biét: ting khuéch dai vi sai, ting
dich mirc dién 4p, ting ngd ra.

MOi tAng c6 mot tan sb cit rigng khi két hop lai né tao ra mdt dic tinh
tan s6 cho toan b Op-Amp.

Céc tang clia Op-Amp 1y tuémg phai dugc ghép véi nhau bang mach
loc RC.

i
"""""

i
-
e

e aama i
' Differential  |%  Level shifter Cr___Qupiistage  [Co
: amplifier amplifies---"" i amplifier

aa

Hinh 10.45. So mach twong dwong ac cua Op-Amp.

Dé khio sit diic tinh clia Op-Amp, phai phén tich ddc tinh tin s6 cla
mach loc théng thap RC.

» DPap ung bén trong ctia Op-Amp:

O phin trudc ta dd khio sét Op-Amp co bin c6 ba ting s tao ra ba tin
s6 cit khdc nhau va ching phai thoa didu kién:

— Tién sb cit cia tAing khuéch dai vi sai phai nho nhit — ki higu 1a 7,
— Tén 6 cét ctia ting khuéch dai dich mire phéi 16n hon—ki hidula £,
— Tién s6 cit cua ting khuéch dai ngd ra phai 16m nhat — ki hiéu 1 f,
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Ca ba tin s6 phai thoa:
Tén s6 cit clia timg tAng va tin s6 cdt ciia Op-Amp duoc trinh bay
OHinh 10.45.

Gia sir ngd vao V, no6i mass (0V), ngd vio V_ nhén tin hiéu nén tin
hiéu ngd ra s& bi dao pha 180° bi tang khuéch dai vi sai.

A,
i 45" IR = 2135
= Pile 1
o'aiemm [T T 7 AR
+ -
l-uss
DiMrential
wnnpEfier R
Lavel chilier
- 1
i
=
I
1
gl sage |
: - I
i
i
1
I
}
|
aTe— :
Troguency 1
AT :
! |
| |
i i
i 1
I I
1 1
I |
| i
| i
! ! i
R } } - = T
It o L 1 )
Tailcy! 2a(RCH) Ly (R 0y
A | 1 I
4 : : : i
a0 et e o e s bR s v
I
: l [
Ewﬂﬂ:pllﬂlﬂ ________________________ R A Tt oY :_ _______ 4=
remgp: i
. P ) RN g Sy ke 1™ Lt e e s
M ! !
kY I
e e et S e I &L
]
L e e e = ey e e hETI
15 R R I eI e B S S e ST TR B i WO g s | P Rt | vl
"
Ll B s e e [ e s e [t

T

Hinh 10.46. Tan so cdt ciia timg tang va tan sé cdt ciia Op-Amp.

P36 lgi vong hd chia toan mach:

Ay = —(Am)x (Au* )": ( a')
(10.147)
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Ta ¢6 ham truyén cia mdi ting 1a:

ﬂ:ﬂx%:ﬂx 1

Vo — 1+jf2mRC oy S (10.148)
Khi d6

A
Ao, =
(1”1}[1”1}[“;1,] (10.149)
fi f I

Hay

A
Ayor = . 3 .2 2 ¥
tefLedod L) L L L aoisn
Lh L B ALG) L L hh
Pé tinh tin s6 cit cho mach khuéch dai dao ta gid sir tin hiéu vao c6
g6c pha 13 180° thi tin hiu ra c¢6 gbc pha 1a 0° (thay vi vao 0 ra bi ddo 180)
va tin sb twong tmg 12 f,, khi d6 bidu thire

[i+i+i_f_3J=U
L5 Jr Thh

(10.151)
Hay
O O P
hoh b Ghh (10.152)
Tim f:
F=AdAf+ ffit hfs=fo2hF
(10.153)

b. Tiéu chuin on dinh:

Mot mach khuéch dai dugc xem 14 On dinh thi khong dao ddng. Co
nhidu mach khuéch dai 6n dinh khéng didu kién cé nghia 14 khong bi dao
dong dudi bt ky diéu kién ndo.C6 nhiéu mach khuéch dai n dinh ¢6 diéu
kién c¢6 nghia 12 s& 6n dinh & cic diéu kién nay nhung lai dao ddng & cac
didu kién khéc.

Xét mach khuéeh dai hdi tiép ¢6 so @6 khdi nhu hinh 10.47:
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A
8

Hinh 10.47. Mach khuéch dai ¢é héi tiép.
Pé ¢6 V, ma khong can V, thi tin hidu hoi tiép SV, phai thay thé duge
V. khi déng khoa k.

Va

Ta co

it
I

Y. Vo, =AxY,
APV,

Viy dé dao déng thi Ap =1

Piéu kién dao dong Barkhausen:

1- Can biing vé bién do |Af| =1+ jO| =1

Suy ra

=
Il

2- Piéu kién céin bing vé pha: ¢ = arc:gil] =kt

Ta ¢ didu kién cén biang pha trong mach néu khéi khuéch dai gay
léch pha thi khéi hdi tiép phai 1am léch pha dé tring v&i pha ban dau c6
nghia la:

— Néu mach khuéch dai khéng ddo khong gy 1éch pha thi mach hoi tiép
cling khong géy 1éch pha.
— Néu mach khuéch dai dao gy 1&éch pha 180° thi mach hdi tiép ciing

gy 1éch pha 180",

Ta cling c6 dicu kién cin bang bién do:

Ap|=1

Néu thyc hién |Ap| =1 thi mach khéng lam viéc duge trong thic té,

mubn lam viée duge thi phai qua thori ky qud d6 khi tiép ngudn va bién d6
s& thay ddi tir OV ting dan dén bién d6 on dinh. Vay ¢ thoi ky qua do thi
|Ap|>1, d bién do ting dan tir OV dén bién 6 on dinh.

Gia str mdt mach khuéch dai dao c6 d6 loi bing 1 ¢6 dic tuyén do loi
nhur hinh 10.48:
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Gain (dB)

4 Pole 1
100 -—
\ Open loop gain
B0
y Pole 2

ol

40 Excess loop gain
I Pole 3
| o

210 ' i

Closed loop gain (noninverting) | : \

1] | ¢ -.-f

"‘H.._‘_H Oscillation frequency

Gain (dB)  pyminate Pole 1

i m
Response 1 Response 2
Wo , -

Responsze 3

100

20
il

dil Excess loop gain

20

1
Clozed loop gain (noninverting) B ‘:\\\\
0 L ; ! -1

Hinh 10.48. Mach khuéch dai ddo c6 dé loi bang 1

Khi do loi dat dén do dbc -40dB/decade thi pha ctia mach khuéch dai
ddo 1a 0° va d6 loi twrong {mg van con 16n hon 1 — khi dé mach khuéch dai
d4o ¢6 thé tr thanh mach dao dong.

Viy dé ngin chin mach khuéch dai tré thanh mach dao dong thi phai
dam bao d6 dich pha tong cong khong duge bang 0. Pé ngin chin mach
khuéch dai try thanh mach dao déng thi ta phai doi diém cuc cua téng
khuéch dai vi sai v& phia tin s thip hon.

Gia sir ta doi diém cuc cla tﬁng khuéch dai vi sai td1 hai vi tri twong
img v hai dudmg cong dap (mg 2 va 3, Pudng cong dap img 2 khi gbc pha
vé 0° thi 45 loi van con 16m hon 1.

Puong cong dap tmg 3 khi gbc pha vé 0° thi d6 loi nho hon 1 nén
mach s€& khong dao dong.
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Pé doi diém cuc cla ting khuéeh dai vi sai ta dimg mét tu dién ndi
gifta hai cuc colector ciia hai transistor ciia ting khuéch dai vi sai nhu hinh
10.49.

Hinh 10.49. Mach khuéch dai vi sai ¢é két noi thém tu.
¢. Ché dd hoat déng ac:
» D lgi vong kin & ché dj ac:
Bién d¢ cua dd lgi1 vong hd & doc theo dudong -20dB/decade giam theo
thn s& nhung goc pha vin khong dbi +90°.
Nén A, = jA=AL90°
O trudc ta da tinh d6 loi ciia mach khuéch dai dao 1a
AR

e F
e (1+ AR, + R,

> Pép Gng tin s6 khi c6 hdi tiép:

O diu chuong, ching ta d3 khao sat dap tmg thn s6 cua mach Op-Amp
khong c6 hoi tiép, khi ¢é hdi tiép thi dép (mg tan s6 s& thay dobi, d6 rong
bing thong sé tang.

Pé khao sét anh hudng cha hdi tiép, ta sit dung mach khuéch dai
khong dao.

Xét d6 lgi vong hé ciia mach khuech dai dimg Op-Amp c6 dé suy
giam -20dB/decade Ta:
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Trong d6:
A, la dé loi ciia Op-Amp 6 tan s6 thap de.
~ A, ladg loi cia Op-Amp 6 tan s cat f,.
~ f,  latan s6 ct.
Do loi vong kin ciia mach khuéch dai khéng ddo ¢ tén s6 théip:

4, Yo AulRitRr) _ Aot __ Ay
L Vi RI(A(}L +1}+RF R, l+Ao.=:ﬁ

1
+ A (EI _I_RFj

D6 loi vong kin cua mach khuéch dai khéng dao & tin ma d6 loi cua
mach 1a A, (-20dB/decade):

Aﬂ[
i
LEE—
AEL A Afr} i a it ‘41’)1. e Aﬂf_ 5 1
1+A_J Ay . f 1+A,f 1 f
Jn I+—=— P+1+ j=— L 8
Lty ERE W 4V,
fo
it £ =[+A,P)f,
Khi d6 L. P
1+ A, ij
Fe
Viay:

—  Khi thn s6 tin hiéu véo ting thi A, cang giam.
~ Taitin 86 f=f"=(1+A,AB)f, tin hiéu ra s& gidm -30dB/decade
duoe goi 1la tin s6 cét cia mach.

— Tién s6 cit ciia mach ¢ hoi tiép 12 F* =(1+A,,B)f, 16n hon tin sb

cat cta mach khong ¢6 hdi tiép c6 nghia 13 bang théng cia mach ting 1én
nhd hoi tiép.

» Tich s6 giita d loi va biing thong:
D6 loi clia mach khuéeh dai ddo & tin s thép 1a:
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A

L

R T
il

Téan s cit cia mach khi mach khuéch dai dao c6 d6 lgi giam —
20dB/decade

f=f. ={1+Arjaf3)f
Khi d6 tich cta d6 loi va tin sb 1a:
o ""'r}:, f :
* = —F¢ ]t = *
A S 7 (1+ A, B)f, = Ay x £,
Trong do6:

~ Y 1 aaden ol Gkl OpAwp
— f, 1atén s6 cét chon trudc.
Nén A, x f, =const suyra A, x f* = const
Viy dé ting d6 lgi A, thi phai gidam bang théng hodc mudn ting bing
thong thi phai giam dd lgi.
# Du trir pha:
Théng thudmg diéu kién 6n dinh biéu dién bang dy trit pha 4.

Dy trit pha a: 8,,, =180° —|g| (10.154)

Du trit pha duong chimg t6 su on dinh.
» Toc dd quét (slew rate):
Pinh nghia; 14 the do thay d6i cure dai cia dién ap ra trén 1 don vi thon gian:

AV
S =( rnr!) (V j
A A ? (10.155)

Do ton tai dién dung ki sinh nén mdt mach khuéch dai khéng thé dap
(g tirc thei véi su thay doi cia tin hidu vao. Cac dién dung ki sinh bén
trong phdi duge nap va do d6 ton tai mét khodng thdi gian can thiét dé
chiing nap. Din dén tdc dé thay d6i dién 4p bi giéi han.

Toe d6 quét khac véi khai niém gidi han tén s6 (bang thong).
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— Tén s6 cit clia ddp (mg tin s& cia Op-Amp 12 mét théng s6 cho biét
gi¢i han khuéch dai ctia Op-Amp trong trudmg hop tin hidu nhé.
— Téc dd 1a dai luong thong bdo cho biét kha ning Op- Amp bam theo

hn hiéu 16n ma khéng giy méo. Khé ning nay s& thay doi tiy theo tin
s0 va dién 4p ra.

Méo dang tin hiéu gy ra bai toc d6 quét nh hinh 10.50. Khi ching ta

dua 1 tin higu song vudng vao mach khuéch dai khong dao va tin hidéu ra ¢
dap img cham.

= f
Hinh 10.50. Anh huong do Op-Amp lam viéc qua toc do quét,
Op-Amp c6 tbe d6 quét S tir 1%&, (loai thuomg ) dén 20V » (loai t5t). S
i1 16 4 ngs a cita Op-Amp dat gid tri phin hi treée khi dién dp vao di dén.
10.3.3. T¥ so nén ngudn cung cip va tin hiéu cich chung
a. TV s6 nén ngudn cung cip (PSRR: Power Supply Rejection Ratio)

Néu dién dp ngudn cung cdp cho Op-Amp khong én dinh, dién 4p ra

s€& bi anh hudng:
AV;
.F‘RES

AV, ==L A (10.156)

b. T¥ so nén tin hién cach chung (CMRR)

Al
AV, = CM;RA o (10.157)
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10.4. UNG DUNG OP-AMP TRONG MACH TUYEN TiNH
10.4.1. Mach khuéch dai vi sai — mach trir dién 4p:

Mach khuéch dai vi sai thuomg duoc sit dung khi mubn loai bo 1 dai
lwgng ra khoi tin higéu vao vi du nhu nhiéu.

a. Mach trir:
So 46 mach trir trén hinh 10.51.

Ry
Vi
R;
Va2
R; o
Hinh 10.51. So do mach trir.
Ta ¢6 phuong trinh dién ap ra:
— R, Ri+R, _le&
Rl K R, o158
RJ’-’ Rj
Khi cho —=— (10.159)
RI RE
Mach trir tr¢ thanh mach khuéch dai vi sai:
v, = (v, —vl}x& (10.160)
RI
% e
Vanéucho R,=K =R,=R, (10.161)
Thi dién ap ra V.=V, =W (10.162)

Pién trd ngd vio:
R, cho tin hiu v,

R, + R, cho tin hiéu v,
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R, + R,cho tin hiéu v, —v,
Mach khuéch dai vi sai trén ¢6 téng trd vao thip.
b. Céc mach khuéch dai vi sai sir dung trong cic thiét bj do lwimg
» Mach khuéch dai vi sai dig 3 Op-Amp

So db mach khuéch dai vi sai nhu hinh 10.52.
T+ Ve
DL Lo

R:

b

R;

Hinh 10.52. Mach khuéch dai vi sai ding ba Op-Amp.

O mach khuéch dai vi sai nay ding thém hai Op-Amp khuéch dai dém
tin hiéu cia hai ngd vao dé ting tong tré vio.

Phuong trinh dién dp ra: v, = —(v, —vz}x&

!
Vﬁ Héu El‘lﬂ RF' =R: =R3 =R1
Thi dién dp ra V, =¥y —W

» Mach khuéch dai vi sai dimg hai Op-Amp
So dd mach khuéch dai vi sai nhu hinh 10.53.

Hinh 10.53. Mach khuéch dai vi sai diing hai Op-Amp.
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Phuong trinh dién 4p ra ciia Op-Amp thit nhét:

Ry + R,
ux = u W U'J
R;, (10.163)
Phuong trinh dién dp ra cua Op-Amp thir hai:
V.=V, X Bty —v, x&
R, R, (10.164)
Két hop hai phuong trinh ta co:
+
V, =V, X Ll —[R” ¥R ]x&xv, = i XV, —(ﬁ +& RE]RH
RJ Rﬂ RJ' RJ' RJ’ Ra' RF'I (l ['} 1 65)
R_.+R
Vanéucho R, =R, VA R, =R, thi: v, = (v, =y Jx =
R (10.166)

» Mach khuéch dai vi sai c6 dj loi thay doi
So d6 mach khuéch dai vi sai ¢6 do loi thay d6i nhu hinh 10.54.

Hinh 10.54. Mach khuéch dai vi sai co do lpi thay doi.
Theo giadinh Ltacd: v, =V vav, =V}

Op-Amp 1 ¢6 hai tin hiéu 1d . va v,, dién ap xuit hién tai ngd ra la

B B (10.167)

Op-Amp 2 c6 hai tin higu 12 v, va v;, dién 4p xut hién tai ngd ra la
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R.+R R R R
v =%v +[— c}f{=—cv2 +v, ——Svf

Ry Ry (10.168)

Op-Amp 3 ¢6 R,=R,=R,=R,=R,=R.=R thi dién 4p xuit
hién tai ngd ra la

2
W= T =(V2_V1)K|Z_R+l:|
Ry (10.169)

10.4.2. Mach khuéch dai Op-Amp diing mang hai cira

Mot mach khuéch dai dao ding mang hai cira giira ngd vao va dudmg
din hoi tiép trén hinh 10.55.

B Is;

?—T
Vi

o

Hinh 10.55. Mach khuéch dai dimg mang hai céng.

Nhic lai phwong trinh tham s6 y ciia mang hai cira:
L =Yuvi + Yi2¥a

I, = Y Vi + ¥uaVa

] ]
¢ o sl e e I
Tacé Fop— _U: Y1z T
‘IJ'l 15'2 = vl =
Ly e Ly Ly
Poi v&i mang hai cira A thi .5 Gaamm it
v =0 v
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Péi véi mang hai cira B thi Yoz = A
Va

gy

v =0 v

o]

Hé s6 khuéch dai ciia mach khuéch dai déo 13

e )

Avcr,=_=_ i

0
A 21 (10.170)

a. Phin tich mang hai cira hinh T
So d6 mang hai cira hinh T nhu hinh 10.56.

Il'l R, R, iz
—>"\N\N ANN——e
+ +
V1 Rs V2
P P
Hinh 10.56. So d6 mang hai civa hinh T,

Taco ¥ =‘i = R3
* y|lv,=0 RR +RR +RR,
L T s X,
Jiz v,|v, =0 7 RR,+RR,+RR,

b. Mach khuéch dai vong kin v6i mang phéan hdi 13 mang té cue

So dé mach khuéch dai vong kin v&i mang phin hoi 1a mang tir cuc
trong hinh 10.57.
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Hinh 10.57. So dé mach kchuéch dai vai mang phan héi la mang tr cuc.

- -"x .J:. . o F £
He¢ so khuech dai dién ap cta mach la:

oo n ()

AI’CL = :I == R; = (}/ ] »
Yai
: 1 R, 1
1i||.-'r1'.'5l'l —_—= R; 3 },]2 = E =
Y RR,+RR,+RR, R,

Ve R, [%il) _RR, +R,R, + R\R,

Suy ra L =—T == =

pe ol [ ) R.R,
/ 21 (10.171)

¢. Mach khuéch dai c6 d loi lém:

Mach khuéch dai ¢é dé lgi 16n chinh 12 mach ding phén tir phan hdi 1a
mang hai ctra hinh T vi chiing tao ra dién tré Ry c6 gia tri rat 1ém.

Vi du: Cén thiét ké mach khuéch dai c6 hé s6 khuéeh dai 100. Pién
tré ngd vao 1a 10k dé tranh rit dong & ting khuéch dai trude. Hay tinh céc
thong s6 dién tré cia mang hai cira hinh T ¢6 R, va R, 1a 10k,

Giai:

Taco
Vo _ _100=_ KRRt RRy+RRy  10x10+10R, +10R,
Vi R,R, 10R,

Suy ra Ry=103Q

Ta co R 1 _RR +RR +RR, MO

g M2 R,
Vay néu khong ding cau T thi phai ding dién tré Ry ¢6 gid tri 1MQ,
con néu ding cau T thi cic dién tro trong cau T ¢6 gid tri nho.
d. Mach khuéch dai c6 dp loi thay dbi duec

So d6 mach kgauéch dai c6 dd loi thay ddi duoc bing cach thay dién
tré Rs trong mach bing mit bién tré nhu hinh 10.58.
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Hinh 10.58. Sor do mach khuéch dai c6 do loi thay déi duoc.
Khi diéu chinh bién tr& Ry s& xdy ra 2 trudng hop:
— Khi R; = o0, xem nhue hd mach thi phuong trinh dién dp ra
8 R+ R,
V; R,

—  Khi Ry = 0, phuong trinh dién 4p ra ‘;— = A, : dé ngin chin trudng

hop ndy xdy ra, ta thém vao mot dién trd mic ndi tiép véi bién tro
Rs.
e. Céc mach khuéch dai c6 dé loi thay doi duge thwimg sir dung
trong céc thiét bi do hrong
So d6 mach khuéch dai sir dung trong céc thiét bi do ludmg c6 dang
nhu hinh 10,59,

Hinh 10.59. So d6 mach khuéch dai sir dung trong cac thiét bi do hrong.
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Hé s6 khuéch dai dién dp ctia mach:

1
Va={vz_“|]x&=(vz 1”1]:"@
R, R, (10.172)
Vi didu kién i o
R, R, (10.173)

10.4.3. Mach tich phén
So dbd mach tich phan nhu hinh 10.60.

Hinh 10.60. So dé mach tich phén.
Theo gia dinh 1 ta co: v,=v_=v, =0V

Nén v =—l‘[ic:dr +V, (0)
Ci o (10.174)

Trong d6 V. (0): dién 4p ban ddu cia tu tai thei diém f=0thi
vﬂ({ )=Vc,. (U)

v,
Taco I. =i, =—
T gy

I

Nén ta ¢o phuong trinh dién ap ra:
= J'v!.dr +V,, (0)
a1 (10.175)

v.(t)=—
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Mach tich phén ciing chinh 1a mach loc théng thap véi diém cuc 1a

V-_V,a. ¥

Ta co: :R = ’}{ =
f b (10.176)
y
Tacé Vy ==V, =——
A (10.177)
v-ﬂ -I'Ir-l'.l
Vo= ——=—y
Suy ra = 4 . ‘;:
! < (10.178)
Suy ra Boeas A %
Vi 1+(1+A]X’
G (10.179)
Véi W U
joC,  j2afC,
Thay vao phurong trinh trén ta dugc:
A, Gl A i A
v.  1+(1+A)Rj24C, 1+ Aj24RC, (10.180)

Tan s6 cit ciia mach tich phan 13 tai tAn s6 tai d6 tin hiéu ra bi giam -
3dB titc thay A27fC,R, =1

1

Hay: =
? T A2aR,C,

(10.181)

a. Truwdmg hop tin hién vao mach la tin hiéu de:

Khi tin hiéu vao mach tich phén 1a tin hiéu de, dién dap ra duge tinh
theo cong thirc:

1

a

x V. x At
C.R, (10.182)

b. Truwdng hgp tin hiéu vao mach la tin hién ac:
Gia st dién 4p vao mach tich phén c¢6 dang v, =V, sinawrt
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Dién ap ra
f
Vv
5 |IC IVF sin andt =+ e FC sin(ax +g)
o g (10.183)

v, (f)=—

Tin hiéu ra chinh la tin hiéu vao bi 1éch pha di % :

Dang song tin higu vao va tin hiéu ra nhu Hinh 10.61:
Vi A

<)
<>
o

A AL
T 37 I

Hinh 10.61. Dang song ra voi tin hiéu vao la song sin.

¢. Trudmg hop tin hi¢u vao la song vudng:
Cho tin hi€u vao mach tich phén 1a tin hiéu séng vudng thi tin higu ra
14 tin hig¢u song tam giac ¢ dang séng nhu hinh 10.62.

Vi A
1'?“:l

=Y

-Vm
Fn‘

A AL
VV V7

Hinh 10.62. Dang song ra vai tin hiéu vao ld song vuong.
Gia str dién ap vao mach tich phan c6 dang

v, =+V_ trong khoang thdi gian tir |:U —:r%}
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v, ==V _ trong khodng thoi gian tir |E —T }

Va bién d6 song vudng 1a hing s6 nén khi tinh tich phén ta c6 thé tinh
mdt cach dé dang, phuong trinh dién ap ra.

Trong khodng thii gian ti [{] ﬁ%} , v, =+V_nén phuong trinh dién
ap ra:

t Vm

v (1) =— _[Va’t:— t

#
I=r o I=r

Piy 1a phuong trinh cta ham doéc gidm nén dang séng chinh 14 canh
xudng cia dang séng tam gidc.

Trong khodng thén gian tir |E — T:| , V. ==V _ nén phuong trinh dién

ap ra:

I
J'—de:=+ Y
I~T 0O RICI

Piy 1a phuong trinh ciia ham doc ting nén dang séng chinh 1i canh
lén ctia dang song tam gidc.

Khi tin hiéu vao & trang th&i v, = -V, , tin hiéu ra 1a ham déc ting cho
dén khi tin hiéu vao chuyén sang trang thai v, =+V_, tin hiéu ra chuyén
sang ham doc giam cho dén khi tin hiéu vado chuyén sang trang théi
v, ==V _... mach ldp lai trang théi.

10.4.4. Mach vi phén
So dd mach vi phén nhu hinh 10.63.

1

v,(t)=—

Hinh 10.63. So dé mach vi phén.
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Theo gia dinh 1 ta co: v.=v, =0V

Nén ‘L?CD =V; =—J.I.!-{if
Co (10.184)
dv.
Suy ra L= :
d TP dr
Theo gid dinh 1ta cé: 4, =i, = ——2
RD
Nén ta c6 phuong trinh dién ap ra:
v,(ty=—R,i = Rﬂcﬂﬂ
dt (10.185)

Mach vi phén cling chinh la mach loc thdéng cao val diém cuc 1a

Pl o —

Ta co: !X = = -
Co H (10.186)
Ta ¢6 p,=—v, = —”_Aﬂ (10.187)
V
Vodk—i el
Suy ra 4__ A (10.188)
X 7
v, A A
Suy ra == X = 1
HooasfsA 1A
R j2aR

I

»JCs (10189
Diém cuec 14 didm 1am cho miu s = 0 twong Gng voi gid tri:
A

Vi " =
I 2R,C,

(10.190)

Theo gian d6 Bode ta thdy mach vi phin c6 bing théng rong, do loi
ctia mach 16m khi tin s6 cang 16n s& 1am cho mach khong 6n dinh dé& gy dao
ddng, dé bi nhiéu tic dﬁng, do d6 can phai gi¢i han bang théng ctia mach.

Pé tréanh céc van dé néu trén ta phai gidi han bing thnng bﬂ:ug cach

gin thém vao mach vi phin mdt mach tich phan dé gi¢i han tin s cao ciia
mach vi phan nhu hinh 10.64.
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Hinh 10.64. Mgach vi phan da duge gioi han tan s6 cao.

A

Mo
W

Integrator
stabilizaton

Excess loop
gain

Hinh 10.65. Gidn d6 Bode ciia mach sau kchi da dwoc gion han.

Tinh hé sé khuéch dai dién 4p ta ding mach twong dwong nhu Hinh
10.66:

Hinh 10.66. Mach tuwong dwong dé tinh hé sé khuéch dai.

Tk Tl Ry

JjoCp @C, (10.191)
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Vi ze ) RebiXe) (10.192)
Bpeslc  proad
wC, Xc
Hé 6 khuéch dai:
_ IR,
Zz R, (-jX 1 C
% i Relod _C)x o gene . —(10.193)
-I’?r' z; R—i R—j RR_.-FRJ_.-IRD_ I
1] X- T C D= C ; C g EC C
c by, Wo, Wiy @ Ly
3 R
Hay o= - p®C ) , (10.194)
v, 1-R,Row°C,C,+ jR,wC, + R ,wC,
Néucho R,C, =R,C, (10.195)
Thi
v, JRpC, 1

= JRywC,,

v, 1+2jR,aC, +(jR,C,0f (+ iR, Cof  10.106)

a. Hoat dong ciia mach vi phin

Dién 4p ra cta mach vi phin bing dao ham cua dién 4p vao nhén véi
thoi hang RC.

— Pbi voi tin hidu vao 14 hing s6 & bt ki bién d6 no, dién ép ra bing OV,
— Khi dién 4p vao 13 ham bac thang, dién 4p ra 13 hing s6 nguoc cuc tinh.

Mach vi phan thudng duge ding & trudng hop 2: do tde do thay ddi
ctia dién ap vao va tim dugc dién ap ra ti 1€ véi toe do.

b. Truwdng hop tin hiéu vao mach la tin hiéu ac

Gi4 sir dién ap vao mach tich phan c6 dang v, =V, sinwt
Dién ap ra:

dv d (VF sin fm‘)

= -R,C),

dt dt

v (t)=-R,C, =R,C,V @ sin(r:x wl

2](1 0.197)
Tin hiéu ra chinh 13 tin hidu vao bj 1éch pha di % .
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Dang song tin hiéu vao va tin hiéu ra nhu hinh 10.67.

il Na
=l & N

I
voh |
I
i

i 4

VNIAL
V/ALVAR VARG

Hinh 10.67. Dang song tin hiéu vao va tin hiéu ra.

10.5. UNG DUNG OP-AMP TRONG MACH PHI TUYEN
10.5.1. Mach chinh hru chinh xic
O mach chinh lru ding diode, dé c6 dién 4p ra thi dién 4p vao phai
16n hon V, =0.7V . Déi véi dién 4p cdn nin nim trong khoang mV, diode
khong dap img duge.
a. Mach chinh luu bin ky chinh xic
So db mach chinh luu ban k¥ chinh x4c nhu hinh 10.68.
» Nguyén Iy hoat ding:
Khi tin hiéu vao v, >0 (ban ky duong), dién ép rav’ = —% v, <0V .
Dién ap nay dm nén diode phéan cuce nghich xem nhu hé mach nén :;i{%n ap ra
v =0V,

D

—_—

Hinh 10.68. So do mach chinh heu ban ky: chinh xdc.
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Khi tin hiéu vdo v, <0 (ban ky dm), dién 4p ra v/ = _%1’5 >0V .
I
Dién ap ndy duong nén diode phin cuc thuan nén dién ap ra:
R
!

v mv. =——Ly 10.198
] r RJ 2 ( )

Dang song tin hiéu vao va tin hiéu ra nhu hinh 10.69

Vi A
VIII

H/\

Hinh 10.69. Dang song mach chinh luu ban ky.
So db mach chéng bdo hoa nhu hinh 10.70.

By Er
'_D LI |
w -I-.|IT|:|3 % Dl.
4
+
-Vee
Re v R

Hinh 10.70. Cé thém diode D3 ¢6 chire ning chong bdo hoa.

b. Mach chinh luu toan k¥ chinh xdc:

So dd mach chinh luu toan ky chinh xdc nhu hinh 10.71. Dang song
vao ranhue hinh 10.72.
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Hinh 10.71. Mach chinh luu toan ky chinh xac.

Vi A

-

AEA
\J

» i

Pt

Hinh 10.72. Dang song mach chinh luu toan ky chinh xdc.

10.5.2. Mach xén

a. Mach xén m{t ban k¥

~Mach xén hay con goi 14 mach giéi han bién d6 gbm mot mach
khuéch dai ddo va mot diode Zener mic v&i mot diode nhu hinh hinh 10.73.

Hinh 10.73. So do mach xén.
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Cho tin hig¢u vao 1a sin hdy giai thich nguyén 1y lam viéc va v& dang
song ra.

» Nguyén ly hoat djng:

Khi tin hiéu vao v, >0 (ban ky duong), dién dp ra v, =—% v, <0V

)
dién 4p nay dm nén diode D phin cue nghich xem nhur hé mach do d6 dién
ap ra chi con phu thudc vao g, mach hoat dong nhir 1a mét mach khuéch dai

i
I

R
déo binh thuemg va dign dp ra v, =——Fv,

Khi tin hiéu vao v, <0 (ban ky dm), dién dp ra v_= —%vi >0V dign
!
ap ndy duong nén diode D phén cuc thuin va tiy thuc vao dién ap ra nho
hay 1ém s& lam diode Zener tat hay din, s& c6 hai truomg hop:
Néu dién ap ngd ra nho hon dién ap Vv, cua diode Zener thi xem nhu
diode chua din va dién 4p ra phu thudc vio dién dp vio qua hé s khuéch
dai khong dao:

Néu dién 4p ngd ra 16n hon dién 4p Vz cilia diode Zener thi diode
Zener dan va dién 4p ra khéng con phy thudc vao dién 4p vao qua hé so
khuéch dai khong ddo nira ma c6 gid tri:

‘Fﬂ= VDZ +VD

Dang song vao ra cha tin hiéu nhu hinh 10.74.

Vi A

Vin ﬁ---ﬂ——-l g

W VU
Vet V, ;_it___}_i\___l i___i .

vl MW N T

Hinh 10.74. Dang song vao ra.
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b. Mach xén hai ban ky:
So d6 mach xén hai ban ky ¢6 dang nhu hinh 10.75.

Hinh 10.75. So dé mach xén hai ban k.

#» Nguyén Iy hoat ﬂﬁng ca hai trudmg hop ban ky duwong va ban ky &m
gidng nhu da giai & phan ban ky 4m & trén.

Dang song tin hiéu vao va tin hiéu ra nhu hinh 10.76.

;»
!
>

Hinh 10.76. Dang song vao ra cia mach xén hai ban ky.

10.5.3. Mach tao ham

a. Mach tao ham theo cic budc réi rac
# Do loi giam khi v; ting:

So d6 mach tao ham nhu hinh 10.77.

408



GIAO TRINH BIEN TIF CO’ BAN CHUONG 10

Hinh 10.77. So do mach tao ham.

Cho v,=3vV, V=5V, R,=200Q, R,,=20kQ, R,,=10kQ,
R,=5k0

» Nguyén 1y hoat djng:
Khi v,=0v thi v,=0V

Khi v, ting g4 tr1 dién ap sao cho dién ap ra chua da lam hai diode
Zener trong mach din, mach xem nhu hé va mach chi con phu thude vao
dién tro R = 20kC2. Khi do dién 4p ra cia mach 1a

R

i
I

Eopr A e = Ry,
Vadoloictamachla A= B

I
Khi v, ting gia tri dién 4p sao cho dién 4p ra lam diode Zener D, bat
dau din con diode D3 chua din, mach xem nhu hé. Khi d6, dién 4p ra cla
mach la:

Véi R;, =R, | R, bo qua dién tr& clia diode Zener
!

R!
Vadoloiciamachla A, =- f

I
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Khi v, ting gia tr1 dién dp sao cho dién dp ra lam diode Zener D, va
D, bét d4u din, khi d6 dién 4p ra ctia mach 13
!
Vas <v,=——2v,
i

Véi Ry, =R, | R, | R,.; bo qua dién tr¢ cua diode Zener
Vaddlgiciamachla Ay=———

Cha ¥ néu tin hi¢u vao v, <0V thi ddo chicu céc diode.

Pic tuyéﬂ vao ra cua mach nhur hinh 10.78.
] |I |2 |3 |4 \'rl

v, ==f13¥,

v, =-3.6,fv,

8L
AL

Hinh 10.78. Pdc tuyén vdo ra ciia mach.
» D lgi ting khi v; ting:
So d6 mach nhy hinh 10.79.

Hinh 10.79. So d6 mach tao ham véi dé loi tang khi v, tang.
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» Nguyén Iy hoat djng:

Khi v, ting gid tr1 dién dp sao cho dién 4p ra chuwa lam hai diode
Zener trong mach dan, xem nhur hér va mach chi con phu thude vao dién tré
R,. Khi d6 dién ap ra cia mach la: v, <V,, <V,

. R
Va dd lot ciua mach 1a: A,=1+—"F
1

Khi v, ting gia tri dién ap sao cho dién ap ra V,, <v <V,.lam diode
Zener D, bit ddu din con diode D; chua din, mach xem nhur ha. Khi dé

dién 4p ra cha mach la: v_= (1 + &Jv,
R

)

Voi R,=R, Il R,; bo qua dién tré& cia diode Zener

G R
Va dd loi ciua mach 14 A, =1+—L
I

Khi v, tang gia tri dién 4p sao cho dién ap raV,, <V,, <v, lam diode

: e : -
Zener D, va Dy bit dau din, dién dp ra cia mach 1a: v = (l 4 —F]v,

i

Vi R,;=R IR, |l R, ; b6 qua dién trd cta diode Zener

: - R
Va do lgi cha mach la A,=1+-1F
i

Pic tuyén vao ra ciia mach nhur hinh 10.80.

o

gii Vi

Hinh 10.80. Pac Myé{ri vdo ra cid mach.
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b. Mach tao ham lién tuc:
» Mach tao ham e mii

Diode dugc hoat trong ving phén cyc thuén, nén:

D
L V8 e
in® DI >—.—a |

Hinh 10.81. Mach tao ham e mii.

Ip 2 ISEFD-"*‘T

Ma:

V, = Vp

I;=1Ig

vo = —IpRg

vo = —Rplse r (10.199)

» Mach tao ham log

R

Vine—vWWA >_..b_..¢ Vi

Hinh 10.82. Mach tao ham logarit.

v, = —p = —Vﬂn% (10.200)

10.5.4. Mach so sanh

a. Nguyén 1y so sanh

~ Op-Amp c¢6 hai ving lam vige: ving khuéch dai va viing bio hoa, ¢
ché d¢ khuéch dai, Op-Amp thudmg 1am viée & cdu hinh héi tiép am. O ché
dd bao hoa, Op-Amp thudng 1am viéc & céu hinh vong hé hodc hdi tiép
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duong, Ngd ra chi ¢é hai trang thai bdo hoa duong va bio hoa dm. Khi
v, > v_thi Uﬂ:'i‘vﬂc va khi v, <V thi V.= _VC'E."
O céu hinh vong hé, Op-Amp sé lam viée vdi hé s6 khuéch dai vong

h¢. Hé s6 ndy rat 16m nén chi can mét su chénh léch rit nhé cua hai tin higu
ngd vao thi ngd ra s€ ro1 vao vung bao hoa.

b. Mach so sinh dién ap véi dién ap 0V: (con dwge goi la mach
phat hién diém 0V)

So d6 mach so sanh dién 4p véi dién dp OV khéng dao, nhu hinh

10.83.

Hinh 10.83. So do mach so sanh dién dp vdi dién ap OV khong dao.

Nguyén 1¥ so sanh:

e Khi v=y,>v =0Vthi v =+V..
e Khi v=v <v_=0Wthi v =-V,...

Cho dang song vao va vé dang song ra nhu hinh 10,84

AVi
- it
A
¥ !
— t
_VDE

Hinh 10.84. Dang song vao ra cua mach so sanh khong dao.
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Tuong tr nhw mach so sanh & trén, ching ta s& cd mach so sidnh dao
nhu hinh 10.85.

Hinh 10.85. Mach so sanh ddo voi dién ap OV,
Nguyén 1§ so sanh:
e Khiv=v <v, =0Wthiv=4+V,..
e Khi v=v >v =0Vthi v =-V,...
Cho dang song vao va vé dang song ra nhu hinh 10.86.

AVi
’Ir\‘\ o > t

N

I
.
i

o
Vee

Wi

Hinh 10.86. Dang song vao ra ctia mach so sanh dao.
¢. Mach so sanh dién 4p véi dién dp chuin

So @6 mach so sanh dién 4p v&i dién dp chuan khéng dao, nhu hinh
10.87.

Hinh 10.87. So d6 mach so sénh dién dp véi dién dp Vier khong dao.
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Cho dang séng vao va vé dang song ra nhu hinh 10.88.

Bt

[V =V

Hinh 10.88. Dang song vao ra cua mach so sanh khong ddo.
Trong d6 dién ap V. goi l1a dién ap chuan.

Nguyén 1V so sanh:

o Khivi=v.>v, =V thi v,=-V...

Tuong ty nhir mach so sanh & trén, ching ta s& c6 mach so sanh dao
nhu hinh 10.89.

o

Hinh 10.89. Mach so sanh dao voi dién ap Vief.
Nguyén 1y so sanh:

o Khivi=v>v,=Vthiv ==V,
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Cho dang séng vao va vé dang soéng ra nhu hinh 10.90

Hinh 10.90. Dang song vdo ra ctia mach so sanh dao.

10.5.5. Mach Schmitt Trigger

Ciing chinh 12 mach so sanh dién 4p nhung thuomg ding dé bién dbi
dang tin hiéu séng sin thanh séng vudng. Gidng nhu cic mach so sanh &
trén, mach Schmitt Trigger cling ¢6 hai mach dao va khong ddo. Ngoai ra
con ¢6 cdc dang mach doi ximg va khéng doi ximg.

Trong ciu hinh mach Schmitt Trigger Op-Amp lam vigc & ciu hinh
hoi tidp dwong.

a. Mach Schmitt Trigger dio — doi ximg

So d6 mach Schmitt Trigger ddo — d6i x{mg nhu hinh 10.91.

Hinh 10.91. So d6 mach Schmitt Trigger ddo — doi ximg.
Chi ¥: Bién trd R, co gia trinho va R, coO gia tri lon.
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Nguyén 1y hoat d6ng so sanh: vin dua vao nguyén 1y so sanh co ban
“khi 'l.-:"+:."-'-" V_ thi 1}”: +VC€ "ln"ﬁ k_h.i 'I.P+'C_': V_ "hi pﬂ: _ch' ”.

Dbi véi mach dang khao sat thi
Dién dp ngd vao trur: AR (10.201)
Dién 4 K, 10.202
ién 4p ngd vao chng: V,=V, ;
20 ap ngo vao cong R, +R, ( )

Tuy thudc vao dién ap ra & trang thai bdo hoa duong hay bao hoa dm
ma v_ s€ co hai gia tr1 nhw sau:

, R
Neu v,=+V. thi Vv, =4V  — L —=+V >0V
R, +R, (10.203)
£ R
Néu v =-V.. thi T m — V.. B <OV (10204)

Vi hai gid tri ctia v, ta c6 thé thay duge dién dp v, khong phai 14 1

dién 4p cb dinh.
» Nguyén Iy hoat dpng: cho tin hi€u vao mach 1a tin hiéu séng sin:

Gidsirdién dpra v =+V ., tasuyra v, =+V,. .0 >0V

Vi V.=, <v,=+V,.0

Pé thay doi trang thai ngd ra, dién 4p vao v_ = v, phai bién thién theo
chiéu ting cho dén khi thoa didu kién

v_=v, >v,=+fV,e

Khi thoé didu kién nay, ngd ra ddo trang thai tir v,=+V,.sang trang
thdi v,=—V,, vadién &p v ciing thay dbi gid tri v,=-V,..f <OV .

Tai thoi diém ndy, v_=v, >v =-V,. 3, dé mach chuyén tir trang thi
v =V, sang trang thdi v, =+V,., tin hiéu ngd vao phai bién thién theo
chiéu giam cho dén khi thoa didu kién v_=v, <v =V,

Khi thoa diéu kién nay thi ngd ra dao trang thai tr v,=-V,.. sang
trang thai v,=+V_.va dién &p v, ciing thay d6i gid oi v, =+V, f >0V .
Mach 1dp lai trang théi ban déu.
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Cho dang séng vao va vé dang song ra nhu hinh 10.92a va 10.92b.

v
Vee Vi
Ui N ¥ M F 3 1
T
Vi P_\Vi

Hinh 10.92b. Dang song vdo ra cia mach ST.

Trong dang séng da vé & trén, ta thdy c6 hai ki hiéu: UTP va LTP
chinh 14 céc diém thay doi trang thdi. (Upper trigger point, Lower trigger
point).

Do [UTH=|LTH =+V_./ gi4 tri ngudng trén bing gid tri clia ngudng
dudi nén duge goi 14 mach ST ddi ximg,

bac tuyén vao ra ciia mach nhu hinh 10.93.

Av,
=T +V,_~:‘
'ﬁvcc +ﬁVﬁ-‘ -
0 Vi
_VE

Hinh 10.93. Dac myén vdo ra cia mach.
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Giai thich dic tuyén vao ra:

Khi tin hiéu bién thién theo chidu ting tir 4m sang dwong, nhung néu

v_=v, <v,=+fV.. thi v,=+V .. vakhi v_=v, >v =+fV,., tin hiéu ra

chuyén sang trang thai v, =-V,.

Khi tin hiéu bién thién theo chiu giam tir dwong sang 4m, nhung néu
v_=w. >y ==V, thi v ==V, vikhi v_.=v <v =—fV_., tin hi¢u ra

chuyén sang trang thai v, =+V,..

b. Mach Schmitt Trigger d4o — khong dbi ximg
So d6 mach Schmitt Trigger d4o — khong d6i xi{mg nhu hinh 10.93.

Wraf

Hinh 10.94. So d6 mach Schmitt Trigger ddo — khéng doi ximg.

Nguyén 1y hoat dong so sanh: van dwa vao nguyén 1y so sanh co ban

“khi v_>v_thi v,=+V,, vikhi v, <v_thi v,==V.".

i véi mach dang khao sat thi

Dién 4p ngd vio trir: V=¥ (10.205)
Bléﬂ i:el.p ngﬁ 'lr"E‘iD Ef}l’lg: Vv, = ! Vo RF ref
i+ R~ R +R, (10.206)
Néu dién dpra v,=+Ve:
R R
YRR T RaR
;TR ;+ R (10.207)

£ e s
Néu diénapra v, =—V..:
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Yo - Vee = Vv

+ £
R, +R. R, +R. (10.208)

Vi hai gid tri ctia v_thi ta cd thé thay duge dién dp v, khong phai 13
mot dién dp cb dinh.

» Nguyén ly hoat dong:

Gia sir dién dp ra v, =+V.., ta suy ra:

R R
v,= e F me
R, +R, R +R,
R R
=g a1 W

# ! _i_—-“"i,!w_
R +R, R +R,

Va
Dé thay d6i trang théi ngd ra, dién 4p vio v_ —, phai bién thién theo
chiéu ting cho dén khi thoa diéu kién
R, R

v=v,>="-1—V. . +—EV
PR Rl Y R RR

Khi tho diéu kién nay thi ngd ra dao trang thai tir v =+V..sang trang
thdi v,=-V,. va dién 4p v ciing thay dbi gid tri

v+=—RR* PN Ry Vo
,+ R, R +R_

Tai thoi diém ndy, v_=v, >v,=——1 V. +—F_y_ & mach
AR, T RmER

chuyén tir trang thai v,=-V,.. sang trang thai v,=+V,., tin hiéu ngd vao
phéi bién thién theo chidu gidm cho dén khi thod diéu kién
R R

Vo=V <y =— V. .+ F_V
TR R gy A8

Khi thoa diéu kién nay, ngd ra ddo trang thai tir v =-V,. sang trang
thii v=+V,vda dién 4p v,  cing thay d6i gid tri
JEE R.F RF

v,=—"1—V..+
TR T R R

V.., . Mach 13p lai trang thai ban déu.
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Cho dang séng vao va v€ dang song ra nhu hinh 10.93.

>t

Hinh 10.93. Dang song vao ra cua mach.

Trong dang séng, ta thdy tin hiéu ra ddo pha so v&i tin hiéu vao nén
goi 1a mach ST dao.

Pic tuyén vao ra ciia mach nhur hinh 10,94,

Ay,

+ V.o W
LT UTPF
Vi

0
ad v.-"r" —_

Hinh 10.94. Dac ngfén vdo ra ciia mach.
Do |UTH = |LTH nén goi 1a mach khong déi ximg,
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¢. Mach Schmitt Trigger khong dio — d6i ximg
So d6 mach Schmitt Trigger khong dao — d6i xtmg nhu hinh 10.95.

Hinh 10.95. So dé mach Schmitt Trigger khéng ddo — doi ximg.

Nguyén 1y hoat dong so sanh: vin dua vao nguyén 1y so sanh co ban
“khi y >y _thi v =+V.. vikhi y <y thiv ==V, "

Péi véi mach dang khdo sat:

Dién ap ngd vao tri: v =0V (10.209)

Pién dp ngd vao cong phu thudc vao v, va dién ap ra v, cich tinh
nhu sau:

Viét phuwong trinh mach vong v, —iR, —iR, —v_ =0 (10.210)

X vl_vﬁ-
Suy ra =
btk (10.210)
Dién ap
- R R
v,=v,—iR,=v,— R, Tl A— Ly

R 4R, RaR, B4R, (10.212)
Nhin xét: Dién apv, phu thude vao dién ap tin hiéu vao v, va dién ap
tin hiéura v,.
Tuy thudc vao dién ap ra & trang thai bao hoa duong hay bdo hod dm
ma v_s€ cO hai gid tri nhu sau:

R
I + i VCC

i R
Newv =+V,. thi Vv =V
R, +R; R, +R,; (10.213)
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Ry R,

Néu v, ==V, thi v, =v, -
R, +R,. R;+R,

cC

(10.214)
» Nguyén ly hoat déng: cho tin hi€éu vdo mach 1a tin hidu song sin:
Gia sir dién apra v =+V. , ta suy ra;
Ry R
= L+ L V. >v =0V
R, +R; R, +R;
Dé thay dbi trang thai ngd ra, dién ap vio v, phii bién thién theo
chiéu giam (am) cho dén khi thoa didu kién
R, R,

V.=V + Voxp=0F
LR R R

Khi thoa diéu kién ndy, ngd ra ddo trang thai tir v =+V,. sang trang

thii v,=-V,. vadién 4p v, ciing thay dbi gi4 tri
RF RI

"RAR: Rt R;

Tinh gia tr1 cua dién ap vao v, tr phuong trinh, ta duoc:

V.=V

Ve <y =0V,

R
Vi {__Ivcc =V
Ry

Viy v, phai bién thién gidam cho dén khi nho h —% V.. thi mach

F
d6i trang thai.
Pé mach chuyén tir trang thai v,=-V,. sang trang thai v,=+V,., tin
hiéu ngd vao v, phai bién thién theo chiéu ting cho dén khi thoa diéu kién
RF RI

¥V =V — V..> =0V
VR AR B, ¢ ©

Khi thoa didu kién nay, ngd ra déo trang thai tr v,=-V,..sang trang
thdi v,=+V,. va dién 4p v, ciing thay doi gid tri:
RF‘ Rl.ir

V,=V, + Ve >y =0V,
K +K, R +EK;
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Mach lip lai trang thai ban déu.
Tinh gia tr1 cia dién dp vao v, tir phuong trinh, ta duoc:

R
v, >—LV.. =+V . f
RF

Viy v, phal ting gid tr1 cho dén khi 16m hon +£Vc¢ thi mach d6i
F

trang thai.
Cho dang séng vao va vé dang song ra nhur hinh 10.96.

Voo

Hinh 10.96. Dang song vdo ra ciia mach.

~ Trong dang song ¢6 hai ki hiéu: UTP va LTP chinh 1a cac diém thay
dbi trang thai

R ; : . . o
Do |UTP|=|LTP|=+V,. R—f gid tri ngudmg trén bang gid tri cua
F
ngudng dudi nén duge goi la mach ST dbi ximg.

Trong dang séng, tin hiéu ra cling pha so véi tin higu vao nén goi 1a
mach ST khong dao.

bac myén vao ra cia mach nhu hinh 10.97.

A Vo
" +V.. &
BV, Voo o
0 Vi
PR 'Vr.'r: =

Hinh 10.97. Dac ng;érn vdo ra ciia mach.
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d. Mach Schmitt Trigger khong ddo — khéng dbi ximg

So 6 mach Schmitt Trigger khong ddo — khéng d6i ximg nhu hinh

10.98.

Hinh 10.98. So d6 mach ST khéng ddo — khéng doi ximg.
» Nguyén ly hoat dong so sanh:

Dién ap ngd vao trir; Vo=V, (10.215)
. a - ~ ) RF
Pién ap ngd vao cong:v, = v, + V;
R R, +R, (10.216)
Néu dién ap ra v, =4V,
1':'+= + Rf vc(: + 1"}' RF
K+ R +Ry  (10217)
Néu dién dp ra v,= -V,
R R
il . Vee 2 Vi
R +R, R +R, (10.218)
» Nguyén Iy hoat dong:
Néu dién dpra v =+V,,. thi:
V=Y -t i = Vee>v =V,
R +R, K -+R,
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B4R &
o

Ha}" v ref i R [N
F

e R

F
Pé thay dbi trang thai ngd ra thi dién 4p vao v, phai bién thién theo
chidu giam cho dén khi thoa didu kién
R, +R, R

V., ——LV
R, ref R, oo

vy

Khi thoa didu kién nay, ngd ra ddo trang thai tit v,=+V,, sang trang
thii v=-V.,. wva dién 4dp v cling thay doi gia

+

R R
o R R
Khi do: v, =V, L V.. <v =V,
R+R, R +R ™

Dé mach chuyén tir trang thai v =-V,,. sang trang thai v,=+V,,, tin
hiéu ngd vdo v,phai bién thién theo chiéu ting cho dén khi thoa diéu

kigny, < ey +% V..; Lic d6 mach Lip lai trang théi ban dAu.

cC*
F F

Do [UTH =|LTH nén goi 1a mach khong dbi ximg.

Cho dang séng vao va vé dang song ra nhu hinh 10.99,

Vi

UTP-/_')‘___{_‘_\‘___/:\'_-___ELt
LTP -:F__&,Q/:___U:F__v_;ﬂn

Vee

Vi

Hinh 10.99. Dang song vao ra.
Pic tuyén vao ra ctia mach nhu hinh 10.100.
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Hinh 10.100. Pdc tuyén vdo ra.

10.5.6. Mach so sanh cira so
So d6 mach so sanh cira s6 nhu hinh 10.101.

Vie<Vi<Vur
Vi<V Vir<Vi

&

Hinh 10.101. So d6 mach so sdnh cira sé.

Nguyén 1y hoat déng so sanh: nguyén 1y so sinh vin dua vio nguyén
ly so sanh co ban “khi v_=v_thi v,=+V vikhi v <v_thi v,==V.".

Péi v6i mach dang khao sat, c6 st dung hai Op-Amp dé tao hai
ngudng so sanh khac nhau v,, va v, do cau dién tr& R , dién tr& R, va

dién tro R, .

Khi dién dp cta tin hiéu vao v, <0V, dién 4p vio v_=v_,=v,< 0OV

Suyra v_,=—=V_.: lam diode D, phin cuc ngugc xem nhu hé mach.
v, ,=+V..: lam diode D; phin cuc thuidn nén dién dp ra v, =+V,,.

Khi dién ap cua tin hiéu vao V,, <v, <V, , dién ap vio:
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A e i T
Va Vo=, V. ,= W,
Suy ra v ==V : lam diode D, phin cuc ngugc xem nhir hé mach.
V2= —Vge : 1am diode D, phin cue nguge xem nhue hé mach
Dién ap ra: v =0V
Khi di€én dp cua tin hiéu vao V; <v,, dién ap vdo
v,=Vv, >v_=V
Vi Vo=V 3p,.=V
Suy ra: v_,=—V.: lam diode D, phin cuc nguge xem nhur hé mach.
v_,=+V..:1am diode D, phin cuc thuédn.
Pién ap ra v,=V..

Cac gia tr1 dién dp cha cac ngudng so sanh:

VCE KR3
Viim
Ry iy By (10.219)
Ve "(Rz + R%}
HL T
By kg ok By (10.220)
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10.6. BAI TAP
10.6.1. Céu tric OP-AMP

1. M6t mach khuéch dai vi sai 6 dién ap vao bﬁng +1V tai cuc B
cua transistor 1 va +2V tai cuc B cia transistor 2. Tim gia tr1 dién ap cach
chung & ngd vao.

2. Mot mach khuéch dai vi sai c6 dién dp ta bﬁng +10V tai cuc C
cua transistor 1 va -5V tai cyc C cua transistor 2. Tim gia tr1 dién ap cach
chung & ngod ra.

3. Mot mach khuéch dai vi sai c¢6 dién dp cach chung 1a +1.75V.
Néu dién ap cuc B cua transistor 2 14 -2.2V. Tim gia tr1 dién 4p tai cuc B
cua transistor 1.

4. Cho mach khuéch dai vi sai nhu hinh sau, ¢6 B = 100. Mach
khuéch dai c6 Ay = 90 vi Acpy = 5021072, Néu dién 4p ngudn cung cép 13
+12V va dién trd Rg = 1.5k:

a. Tinh tat ca cic dién tr¢r con lai.

b. Khi dién 4p sin c6 bién d6 2V duge dua vio ddng thoi 2 ngd vio.
Bién d¢ dién dp ac trén cyc C cua transistor 2 bang bao nhiéu?

c. Khi dién dp vy; = 0 vavyyp) = 10m V ¢b dang sin, dién ap ra tai
mdi cyre C ctia 2 transistor bing bao nhiéu?

vee

§H1 §H3 gﬁﬂ-

Vol Vo2

RS A2
b ~
AAA a1 az AAA
1.5k00 Fa ot 1.5k0
Vit Viz

i
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10.6.2. Ung dung Op-Amp trong mach tuyén tinh:

5. Mét Op-Amp ¢6 d6 lgi vong ho 1a |1£L,,|{‘”3J =Zﬂlug][h£=?5dﬂ.
viﬂ'
Ngé vao cong duge két ndi véi mass (v, =0v), tim dién ap ngd vio dao
(Vv-=7) dé dién 4p ngd ra la V =53V.

6. Tim dién 4p ngd ra cia Op-Amp, néu dién dp ngd vao khong dio
12 v, =—1.00005v DC vi dién 4p ngd vio dio 14 V. =—1.00010v DC. Biét
opamp c6 do loi vong hé la A, =75500.

=20log,,—2 =94dB c6
id

dién ap ngd vao khong dio 14 v, =7.99997v va dién dp ngd vao dio la

V_=8.00002V . Tim dién ap ngo ra.

7. Mot Op-Amp c6 d6 loi vong hé 1a |A |

{dE)

8. Mot mach khuéch dai khéng ddo c¢b6 Ay = 200000,
Ry =R =500k, r,=200Q), R, =1kQ2, R, =10kQ2, R, =30kQ2.

a. Tim dd lgn vong kin chinh xac Ay, .

b. Tim d6 loi vong kin gan ding Ayer. v tinh sai o6,
c. Tim tong trd vao va ra clia mach khuéch dai 6 hdi tiép.
9, Mot mach khuéch dai ddo c6 A, =20,000, R, =R =15MQ,
r,=100€), R, =5kQ), R, =5k, R, =10k0).
a. Tim d¢ lgi vong kin chinh xac A, .
b. Tim d¢ lgi vong kin gin ding A, va tinh sai s.

c. Tim tdng tré vdo va ra clia mach khuéch dai cé hdi tiép.10.10.
Mot mach khuéch dai dédo c6 R, =1kQ vi R, =10k, ngudn

+V.. =%15V | Dién 4p ngd vao 1a v, ==0.32V DC. Tim dién 4p ngd ra.

10. Mot mach khuéch dai dao ¢ R, =2kQ vAd R, =5k, ngudn
+V,.=*15V , dién 4p ngd vao 1a v, =3.2V DC.

a. Tim bién d6 va chiéu dong dién chay trén Rr.

b. Tim dién ap ngd ra.
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12. Mot mach khuéch dai thuat todn véi d6 lgi vong har 1a A, = 5,000
duge két noi thinh mach khuech dai ddo véi R, =2kQ va R, =150kQ2.

a. Tim d6 lgi vong kin chinh xic Ay, .
b. Tim d6 lgi vong kin gén ding A, va tinh sai s.

13. M6t mach khuéch dai thuit todn c6 hé s6 khuéch dai 1a
A, =100,000 dugc két ndi thainh mah khuéch dai ddo voi R, =1kQ va
R, =75k0).

a. Tim d6 lgi vong kin chinh x4ac Ay, .
b. Tim @5 lgi vong kin gin ding A, va tinh sai s6.

14. Mot dién dp de 3V duge dua vao ngd vdo clia mdt mach khuéch
dai khong déo ¢6 R, =1kQ va R, =5kQ). Biét £V, =415V .

a. Tim d6 lgn vong kin A, .
b. Tim dién ap ngo ra.

15. Mot mach khuéch dai thudt toan véi @9 1gi vong ha 1a A, =2,000
dugc két néi thanh mach khuéch dai khong ddo véi R =31 va
R, =21kQ2. Cho v, =0.01V

a. Tim dién dp ngd ra trong trudng hop ly tuong,
b. Tim dién dp chinh xic & ngd ra.
c. Tim sai sd.
16. Mot mach khuéch dai khéng ddo c6 tin hiéu vao v, =-200mV va
tin hiéura v, =5V véi sai sé d6 loi khéng vuot qué 1%.
a. Chon vatinh dién trd R, va R, nim trong gidi tir 1kQ dén 50k
b. Tim d§ loi vong hé A, tdi thiéu ciia Op-Amp dé thoa yéu céu
cla sai $6.

17. Mot mach trir 6 R, =1kQ2, R, = 4kQ2, R, =3k2, R, =6k(). Dién

4p vio I3 v, =—2.2V DC vi v, =1.5sin3z(V). Biét V.. =+15V .
a. Tim cong thirc cho dién dp ngd ra.
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b. Tinh dién 4p ngo ra.
c. Thay doi gia tri R, dé mach trir trds thanh mach khuéch dai vi sai.

18. M6t mach cdng ddo ¢ ba ngd vao, hé s6 khuéch dai cua ngo vao 1
la A,=-10, ngd vio 2 13 A,,=-7 vi ngd vio 3 1a A,,=-5. Néu
R, =100kQ), tim cic gia trj dién trd R, Ry, Ra. Biét V. =+15V .

19. Mdt mach cong ddo c¢d6 cac thong $6: R, =2k, R,=4iQ,
R, =6kQ, R, =30k va ngudn cung cip +V,.=£15V . Cho ba tin hiéu
VA0: y, =—0.5+1.5sin 272(V), v, =—1.3(v), ¥ =2—3.2sin 27(V). Hay

a. Tim cong thirc ciua dién ap ngd ra.
b. V& dang séng dién ap ra.

20. Mot mach cong khong ddo trung binh dém cd sau ngd vao véi dién
trd & mdi ngd vao &4 R=R =R =R =R =R =R=16kQ va
+V. =15V . Dién 4p chec ngd vdo lan luot 1a: v, =2(V), v, =6(V),
v, =0.5(V), v, ==3.5(v), v, ==5(V),v, =10.2(V'). Tim dién 4p ra.

21. M6t mach khuéch dai vi sai ¢6 dién trd ngd vao cach chung 1a 15K
& mbi ngd vao va cd 46 1gi bang 4. Tim céc gid tri dién tré trong mach.

22. V& mach dién ding bd khuéch dai thuét toan thuc hién phép tinh
sau: X =—g—4b +% v tinh ton cdc gi4 tri linh kién trong mach.

23. Cho mach nhur hinh sau, cho R =2kQ, R,=6kQ, R;=2k0},
R, =4kQ), R, =12k0), R, = 4kQ) vacho V.. =+15V .
a. Xdc dinh dién dpratheo v, v,, V,, V,.

b. Tim 4p ra trong trudmg hop V,=2mV, V,=6mV, V, =0.5mV
V, =—3.5m¥.

¢. Tim 4p ra trong trwong hop V,=2mV, V,=6mV,
V, =0.5sin1000¢ V), v, = -3.55in100t(mV') .

d Tim 4p ra trong tuwoéng hop Vv =2v, V=6V,
V; =0.5s5in10006(V) , v, =—3.55in100¢(V)..
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R,

Vi E=——\WA—

24, Mach khuéch dai do ludng c6 dién tré ngd vao lém (mach khuéch
dai vi sai ding 3 Op-Amp) ¢6 R, =50kQ2 va d0 loi bang 1. Tim gid tri cla
cac dién tro.

25. Mach khuéch dai do ludmg ding 2 Op-Amp ¢6 d6 lgi bang 8 va
R, =4kQ2. Tim cac dién tré con lau

26. M6t mach khuéch dai ¢6 d¢ loi 1on (ding mach hai cira) co
R, =2.2kQ), R =R, =12kQ. R, =275Q. Tim 45 lgi vong kin ctia mach.

27. Mét mach khuéch dai vi sai do ludmg ¢6 d6 lgi thay doi véi mang
hinh T nhu hinh trong sach PTCB2 ¢6 R, =2kQ2, R, =150kQ, R, =250Q.
Tim gia tr1 cua cac dién tré khac va dé lgi cha mach.

28. Mot mach khuéch dai vi sai do ledmg vo1 mang hinh T nhu hinh
trong sdch PTCB2 ¢6 R, =18kQ2, R, =175kQ2, R, = 2.2kQ).

a. Tim gia tri cia cdc dién tré trong mach dé d6 loi l::-:?mg 35.
b. Tim Ry dé dd loi thay dbi tir 10 dén 25.
29, Cho mach khuéch dai nhu hinh bén.
a. Xac dinh cong thirc dién ap ra.
b. Tinh dién ap ra.
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30. Cho mach nhu hinh bén, gia sir cac Op-Amp 1y tudng.
a. Viét bidu thitc V3, Vs, Vg theo V,, V, va V,

b. Cho V| =-V4 = 1(V), V2 = sin(100xt )}(V). Hiy vé dang séng V,
V3, Vs vit Vg trén cting mdt hé truc. Nhin xét cac dang somg nay.

RE 5k
A 12y w5 e
R1 1k opamp 1 12v
WV AR5 1k 12V
T I
L = = cpamp 3
Rz 1k V4 |, : Vg
a2 ocpamp 2
TN 12V -
12y
12y
10k

R3
m"j Hinh 4
31. Hiy ding Op-Amp dé thiét ké mot ham nhu sau:V, = 2V, +
4V + 8Vi + 16V, Vdi V,: ngd ra Vi, Va2, Vi, Vi ngd vao. Gia sir
Op-Amp 1§ tuéng.Cho ngudn cung cip cho Op-Amp £V, = 15V,
V, = 0.2V, V5, = 04V, V5 = 0.8V va V, = 4sinot V. Hiy vé dang
somg V, va V4 trén cing mot hé truc.
32. Hiy ding Op-Amp dé thiét ké mot ham nhu sauw:V, = V, - 3V,
+ 5V3 - TV, Vdi Vo ngd ra, Vi, Vi, Vi, V4 ngd vao, gid st Op-Amp 1y
tuong.Cho ngudn cung cdp cho Op-Amp +V.. = £12V, V, = -0.1V,
Vo=-0.3V, V3= 0.7V va V4 = 1,5sinwt (V). Hay vé dang séng V, va V4
trén cing mot hé truc.
33. Mot mach tich phan ¢6 R, =2MQ va C, =1uF . Dién ap ngd vio
13 dién 4p dc c6 hai cuc tinh thay ddi tir -250mV dén 250mV theo trinh ty
nhu sau: 250 mV trong 10s; -250mV trong 20s, 250 mV cho 30s, -250mV
cho 20s va sau d6 1ap lai.
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V& dang séng ra véi dién &p bit diu béng 0.

34. MGt mach tich phin vé1 R, =10kQ2, €, =0.14F . Tinh va vé dang
somg ra vé&i dang song vao nhu hinh sau

+20

+10

; | | | e
Win a | I | Ll

-10

-20

35. Mot mach tich phan voi R, =20kQ, C, =0.0224F ¢6 dién ip ngd
viio 12 séng sin tan sé 150Hz va bién d6 5 V. Tim bién d6 va séng ra.

36. Cho mach tich phén nhu hinh bén.
a. Tim quan hé ap ra theo ap vao v, vi V.

b. Cho  V,=(1+10sinz)(V), V, =—1V, R =R, =100&02,
C, =1F . Xéc dinh biéu thirc cia dién 4p ra.

37. Mot mach vi phdn c0 R, = 200kQ2, C,, =2.F . Dién dp ngd vio
12 m6t ham dbe véi d6 dbe +10.5V/s. Hay tim bién d6 va cuc tinh cia dién
Ap ngd ra.

38. Mot mach vi phin phai tao dién 4p ra bang -2V véi dién dp vao la
mot ham déc ¢6 46 dée 20mV/s. Tim Cp.

39. Hay xidc dinh biéu thitc dién ap ra cia mach sau:
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10.6.3. Ung dung Op-Amp trong mach phi tuyén

40. Mot tin hiéu xoay chiéu c6 dién dp ac dinh bang 35mV va dién 4p
de trung binh bing 0V dugc dua vao ngd vao clia mach chinh Ivu ban ki va
khuéch dai thanh 570mV dinh. Dién 4p ra phai 1a dién dp duong. Pién tré
ngd vao la 15K.

a. Tim gid tri R
b. V& lai mach.

41. Chon dién tré R; cho mach chinh luu toan ki nhu hinh 6.36. c6
R = 21K de d6 loi bang 2.

42, Mot tin hidéu sin ¢6 bién do bﬁng 100mV duge dua vao ngd vao
mach chinh lwru toan ki va bién dd tin hiéu ra bang 1V. Hay thiét ké mach
chinh luru nay.

43. Mot mach chinh luu toan ki duge ding dé chinh lueu mot xung tam
gidc co bién d§ 10V, Dién ap ra phai ¢6 -20 V dinh.

a. Néu Re= 3.4K, chon gid trj cho R..
b. V& lai so 46 mach.
c. V& dang s6ng ra theo dang séng vao

44. Mot mach chinh luy toan ki nhu hinh bén, dugc ding dé chinh Iuu
mdt tin hiéu sin ¢6 bién d bang 2V. Dién ap ngd ra la 2V bién d; R=7.5K.

a. Hay xac dinh cong thirc dién ap ngo ra.
b. Tim céc gia tr1 dién trd trong mach
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£ B
W N W
R P
Wi . i nr———
£ ; H1
A
+1'-"' >—n }l—l
| + Vo
2 S 1_;2 41 2 3

45. Xdy dung mot mach tao ham rdi rac ¢6 quan hé v, = ]—13 vi . Dang

song ciia mach duge vE xap xi nhu hinh sau.

D.3I5 1.95: A VI
\ | | !
1'.'\1 1 i |
w | |
Y i i i
N - |
1 | |
i i
' i '
e TN T i |
—— i i
o,
. i i
H‘“‘"“'\\‘ i |
i
o | |
i | |
o ' i
e
! |
e = !
B e e s —— e |
g S I
7 B8 _____________________________1_=__'h;""'~-_-]_
Vo

46. Budmg cong trong hinh sau ¢6 quan hé v, = — /6v, . Tinh cdc gid
tr1 cua cac linh kién trong mach néu Ry = 5.49K.
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47. Hay thiét ké mot mach dién dé tai tao mé hinh mdt dang dudng
cong co6 cong thirc v, =6—6cos[(7/16)v.]. Trong hinh sau, ((z/16)v,
duoc tim tir cong thitc (27 /7Y trong d6 T=4Vimax vA t=vi, n6 thay doi tir 0
dén +8V.,

o

11‘5

e

K-Axis i
21 45 i

48. Mot mach so sanh diém OV khéng ddo diung mét Op-Amp c6
ngudn cung cip +15V. Dién p ngd vao 12 mdt tin hiéu sin ¢6 bién dd 5V.
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a. Hay vé dang song ra.
b. Néu bi tin hiéu nhidu c6 v,, = 200mV cdng lén né, hay thiét ké
lai mach dé n6 khong bi nay tai diém 0V. Neu R; = 1K.

49, Mot mach so sanh diém 0V dao ding Op-Amp 741 v 4o lgi
vong hd 92dB. Néu dién dp ngudn cung cip £15V. Néu dién dp vao 14 séng
sin ¢ bién do 1mV, vé dang song ra.

50. Mot mach so sanh dung mét Op-Amp co ngudn cung cép £15V.
mach so sanh cling pha va chuyén mach tai 5V+50mV; R; =1K. Tim gia tn
cua Rr.

51. Mgt mach so sanh khong déo (Schmitt Trigger) co di¢n ap nguon
cung cip £12V; R; = 3.3K vi Ry = 300K. Tim dién 4p chuyén mach ciia
mach, giai thich va v& dang séng vao va ra vii tin hiéu sin ¢ phuong trinh
v, = 3sinar (V) dua dén ngd vao.

RF

| :

ref = -2,V
52. Cho mach Schmitt Trigger khéng dao khéng ddi ximg c6
R, =10kQ2,va R, =2ikQ, V,, =1V ngudn cung cap +V,. =+12V .
a. Hay v& mach va tinh todn cic ngudng so sanh UTP va LTP.
b. Cho tin hiéu vao c6 phuong trinh v, =5sinwf(V) . Hiay vé dang

sOng vao va ra.
¢. Cho tin hiéu vao c6 phuong trinh v, =3sin et (V') . Hay vé dang
sOng vao vara.

53. Mot mach so sanh ddo (Schmitt Trigger) ¢6 dién dp ngudn cung
clp £12V; Ry = 3.3K vi Re = 300K.

a. Tim dién dp chuyén mach ctia mach.
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b. Cho tin hi¢u vao ¢6 phuwong trinh v, =3sinwi(V). Hay v& dang
song vao va ra.
¢. Cho tin hiéu vao ¢6 phuong trinh v, =3sinwf(V) . Hiay vé dang

song vao va ra.
[RF

R
S NN +

YVrer = -2

‘.\.:'r n

.
i
54. Mot mach Schmitt Trigger dao ding mot Op-Amp véi dién ap
ngudn cung cip £12V. R; = 2K, Rr = 390K. Pién 4p chuén 14 -3V,
a. Hay mach va tinh toan cic ngudng so sanh UTP va LTP.
b. Cho tin hiéu vao cé phuong trinh v, =35sin@i (V). Hay vé dang
sOng vao vara.
¢. Cho tin hiéu vao co phuong trinh v, =3sinat(V) . Hay vé dang
sOng vao va ra.

55. Hay thiét k& mach Schmitt Trigger ddo ¢6 ngudng dién &p chuyén
mach 1a 3V va -5V,

'56. Tim ti 1¢ dién tr& cho mach Schmitt Trigger khéng dao dé mach
chuyén mach tai 6V va -2V. Biét Op-Amp c6 ngudn cung cap +12V.

57. Mét mach Schmitt Trigger phii chuyén mach tai 4V va -5V.
Op-Amp c6 dién ap bdo hoa tai £15V. Tim R vé1 Ry = 2K.

58. Mot mach Schmitt Trigger khong dao phai chuyén mach tai 7V va
-1V. Op-Amp c6 dién 4p ngudn cung cap £12V. Tim Rg vi Ry,

59. Mot mach Schmitt Trigger ddo phai chuyén mach tai 8V va 2V.
Op-Amp ¢6 dién &p ngudn cung cip £20V. Tim Ry véi R, =4.75k.

60. Mot mach Schmitt Trigger phai :.:huyé‘n mach tai1 -6V va -1.5V.
Op-Amp c6 dién dp ngudn cung cap £10V. Tim Ry vt V¢ vOi Ry =1K.
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61. M6t mach tich phan duoc didu khién boi dién ap ngd vao 13 xung
vudng. Dién 4p ngd ra 13 xung tam gidc cd V., = 20V d6i ximg qua diém
OV. Phia sau clia mach tich phin Id mach Schmitt Trigger, néu mach
Schmitt Trigger ding Op-Apm c6 dién dp bio hoatl5V. Tinh dién tror dé
mach co dién ap ngudng +6V.

62. Mot mach tich phin duge didu khién béi dién ap ngd vao 1a xung
vubng. Dién 4p ngd ra 1a xung tam gidc ¢6 dién dp dinh £1V d6i ximg qua
diém 0V. Phia sau ciia mach tich phén 1a mach Schmitt Trigger, néu mach
Schmitt Trigger ding op-apm c¢6 dién 4p bdo hoat15V va dién dp chuyén
mach la 1V,

a. Tinh ti s6 Rrva Ry
b. Néu R; = 15 K thi Ry biing bao nhiéu.

63. Chon gia tr1 linh kién cho mach xén ban ki ¢6 do lgi bing -2 vi
xén tai mirc 2.08V cho tin hiéu vao 1a séng sin ¢d bién dd 5.2V. Ry = 2K.
64. Mot mach xén hai ban ki dl‘mgrhai diode Zener 8.2V phai xén mét
tin hiéu sin giita khodng thei gian 30 dén 150 va 210" dén 330°. Néu dién
dp phan cye thudn cia mdi diode 1a 0.7V.
a. Tim dién 4p dinh ciia tin hiéu sin khi chua b1 xén.
b. Tim Rpnéu R; = 2K va tin hiéu sin vio 13 500mV dinh.

10.6.4. Diic tinh thyre té ciia Op-Amp

65. M6t mach khuéch dai khong dao ¢ d6 loi bang 5, diing Op-Amp
¢6 Vip = 1.5mV. Dién 4p ngd ra s& bj anh hudng thé nao?

66. Mot mach khuéch dai dao, ding Op-Amp cé Vi = 2.5mV,
R; = 3.3k va Rp = 10k, dién ap ngd vio 1a -1.500V dec. Tim gidi han dién ap
ra voi 5 s0 1&.

67. Mot mach khuéch dai ddo, ding mét Op-Amp ¢O dong phin cuc
béing 80nA, R; = 7.5k va Ry = 150k. Dién 4p ngd vao bing 0V. Hiy cho tim
bién d§ va cuc tinh cha dién ap ngd ra.

68. Lam lai bai 10.67 néu R; = 7.5k vi Ry = 1.5M. Lam lai bai 10.67
néu R, = 500 va Ry = 15k. Rut ra két luan v& quan hé cta Ry v&i dong phén
cire trén dién 4p ngd ra.

69. Mot mach khuéch dai c6 dd lgi bang -5 va R, = 25k, ding Op-
Amp ¢6 dién ap offset 1a 2.5mV va dong phan cuc 1a 90nA, dong offset 1a
+10nA. Néu dién 4p ngd vao 12 +2.25V, tinh dién 4p ngd ra ciia mach véi 3
s6 1é trong trung hop khéng b va c6 Re.
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Chwong 11
MACH KHUECH DAI CONG SUAT

11.1. MACH KHUECH PAI CONG SUAT LY TUONG

Mach khuéch dai (KD) cong suét thudmg dugc sir dung d& ning cong
sufit tin hiéu 1én cao trudce khi dura ra tii, thuf:rrng sir dung cho t.!u co dién tro
thap. Thong s6 dé danh gia mach KB cong suét chinh 1a higu sudt, ,; :

P
n =—212 x100% (11.1)

irldc)

Hiéu sudt duge dinh nghia 13 ty s6 cong sudt tin hiéu ngd ra trén tai
v&i cong sudt ngudn cung cp cho mach.

Mot mach KB cong sudt Ii tudng khi hiéu sudt bing 100%, c6 nghia 1a
toan bo ning lwgng nguon cung cip cho mach dugce chuyén doi thinh ning
Iugng tin hiéu ra tai,

Trén thuc &, do ning lugng mot phin bi tiéu tin trén céc linh kién
hoat dong trong mach nén hiéu suat ciia mach luén ludén nho hon 100%.

11.2. PAC PIEM CUA CAC MACH KHUECH PAI CONG SUAT
11.2.1 Phén loai mach khuéch dai cong suit

W fa

ip* 44
Ve
(R + Rp
L Iy
" 4
ot~ £
! E lri‘!vam'ﬂ.
VT = o
L 1 ViR Ve Ver
= —] PPE:‘:
b, =
ke | -

Hinh 11.1. Phan tich tin hiéu xoay chiéu mach khuéch dai lép A; a. Tin hiéu
nga vao,
b. Tin hiéu ngé ra; c¢. Phdn tich tin hiéu ngo vdo vd ra trén cung mot truc
toa do.
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a. Mach KP cong suiit lép A I3 mach c6 thé KP tin hidu xoay chiéu
va c6 hiéu sudt thip 1=25% dén 50%. Piém Q ndm & ving khuéch dai va &
gitta dudmg tai tinh, dong 1.0 =Lnw=Plom din trong toan chu ki cta tin higu
ngo vio.

b. Mach KD céng sudt Iép B 13 mach c6 hiéu sudt 50%-70%, bi méo
tin hiéu ra 50%. Piém Q phén cyc ving ngit do d6 transistor chi dn trong
mot ban ki cua cia tin higéu ngd vao. ((Hinh 11.2)

Hinh 11.2. Phén tich tin hiéu mach khuéch dai céng suat lop B

a. Tin hiéu ngé vao; b. Tin hiéu ngé ra;
c. Phan tich tin hiéu ngo vao va ra trén cung mot truc toa do.

¢. Mach KD cong suit lép AB: Hidu suit cao, méo it hon 50%. Diém
lam viéc Q ndm trong ving KP gin ving tit do d6 transistor din nhiéu hon
mdt ban ki va it hon mét chu ki cta cia tin hiéu ngd vao . Trwong hop mach
KPCS lép AB ¢ méo xuyén tdm hinh 11.3c¢. Sir dung 2 transistor ché d6 B.
(Hinh 11.3)

d. Mach KD céng suit Iép C, D: Mach KD céng suét 16p C 13 mach
KP ma transistor ¢6 diém ldm viéc Q nim sdu trong ving tit, do d6
transistor din it hon mét ban ki ciia ciia tin hiéu ngd vao. Tin higu bién dang
hoan toan & ngd ra. Hiéu sudt 16n, méo nhidu. Mach KD céng suit ché dé D
la mach co hiéu sudt rit cao transistor chii yéu hoat dng & ché d6 xung {ché
dd ngét, bao hoa). ((Hinh 11.4)

444



GIAO TRINH BIEN TIF CO’ BAN CHUONG 11
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Hinh 11.3. Phén tich tin hiéu xoay chiéu mach khuéch dai lép AB.

a. Tin hiéu ngo vdo;
b. Biéu dién diém Q nam & vimg KB, théng tin A,B,C.E,F ldy duoc ¢ ngé ra,
mat thong tin D;
c. QO nam o Ving ngﬁr cua mach KDCS AB, thong tin A, B, D, F dugec KD o
ngo ra, mat théng tin C, E
WVia

i WD il
NN

W -

F—

JIC

Hinh 11.4. Phan tich tin hiéu xoay chiéu mach khuéch dai lop C, D

a. Tin hiéu ngoé vao,; b. Tin hiéu ngo ra cua lop C; ¢. Tin hiéu ngd vao cua

lép D.
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Ngoai ra, cac mach KP cong suit khic: ¢6 nhidu mach KP con Sudt
khac nhu G, H, S...Hau hét ching 13 bién thé ciia mach KD cong suat ché
d6 AB, tuy nhién ching cho hiéu suit rdt cao dugc sir dung cho nhimg thiét
ké c6 cong suit ngd ra 16n. Trong chwong ndy, ching ta chi yéu chi khao
sit ba dang co ban ding trong mach KB c6ng suit tin hidu 4m tin 13 A, B
via AB.

11.2.2 Transistor cong suit

a. BJT cong suit

Transistor cong suét 13 linh kién c6 kich thude 1én do yéu céu phai
hoat dong v&i cong suét va dong 16m. Céu tric xem hinh 11.5.

Hinh 11.5. Cau triic ciia BJT céong sudt

Do sy khac nhau trong kich thude vt 1y va mat d6 tap chit trong chit
bén din nén cdc théng s6 cta nd khac so véi nhitng transistor hoat dong véi
tin hi€éu nhoé, vi dy xem bang 11.1.

Bing 11.1: Bdng so sdnh cdc théng sé ciia BJT cong sudt va BJT tin hi¢u nho:

Céc thong s6 | BIT tin hidunho | BIT cong sudt | BIT cong sudt
(2ZN2222A) (2ZN3055) (ZN6078)
VeEmaxy (V) 40 60 250
Tt 0.8 i5 7
Pomay (W) (tai 12 115 45
t=25"C)
Jid 35-100 5-2(0) 12-70
fr (MHz) 300 0.8 1
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1000 ; = : —T—
T Common emitter ~
SDD % e FA 1 l-"'L-H=4v :
100 _T~=100°C H
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transistor 13 viing ndm dudi cdc dudng gidi han 1

Collector current I~ {A)

Hinh 11.6. Pucng ddc tuyén hpetheo Ic

Khi sir dung transistor cong sudt phai chil ¥ cic dudmg giti han dong,
ap va cong suft, trong hinh 11.7.a trinh bay ving hoat d6ng an todn cua

Cmaxs VEE{su;;j, PT, }ﬂnh

11.7.b trinh hay dudmg gidt han trong tu n}urng str dung ty 1€ logarithmic,
chinh vi viy diém 1am viéc cia transistor phai nam trong viing cho phép.

.l,d_"li-"-.i

L0

T o

Second
. hrcakdown
!-‘-I-

Ve [

.I'l—_ I’.‘E'I.I:I

110

0,11

1a)

M ximnm
carrent limit

Sacpmi
beeakdiwn

Ve [5e£)
1

OGII

1

k)

0 Gy 1)

Hinh 11.7. Viing hoat djng an toan ciia BJT: a. Theo ty Ié tuyén tinh ; b.
Theo ty lé logarithm.

lai cong thire (11.2) gin ding nhu sau:

Cong sudt tiéu tan trén BIT 1a: P, =v i + Vi,

11.2)

Do dong tai cyc B bé hon nhidu so véi dong tai cuc C, nén cb thé viét

H

=Vee Ir'

(11.3)
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Tir cong thire (11.3) suy ra cong sudit tiéu tan trung binh cia BJT trong
T
mdt chu ki ctia tin hidula: P, = %Ivcgicdt (11.4)
]
Cong sudt nay phdi luén luén nhé hon gid tri cong suat giéi han cla
BJT dé bao dam nhigt d§ cha transistor nhd hon nhigt do cho phép cuce dai.

b. MOSFET cong suiit

Béang 11.2: Bang liét ké cAc théng s6 co ban ctia hai MOSFET céng
sufit kénh N.

Céc théng s6 2N6757 IN6792
Vpsimaxy (V) 150 400
Yoy (tai T=25"C) 8 2
Pp (W) 75 20

Ciu triic cia transistor FET cong sudt nhu hinh 11.8.

Hinh 11.8. a. VMOS; b. DMOS; c. HEXFET.
¢. Heat Sinks

{a} (b} e

Hinh 11.9. Hai dang vé transistor céng sudt thuong gip a va b;
c. Hinh dang cua canh tan nhiét.
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Trong khi nhitng mach tich hgp thudng sir dung cho nhiing (mg dung
tin hiéu nhé va cong sudt bé thi hiu hét nhimg tmg dung ding cho cong suit
cao van doi hoi transistor céng sudt roi.

Pé cai tién k§ thufit san xuit vdi yéu cdu cung cép cac linh kién ban
dan ¢6 kich thude nho nhung hoat dong duogce vdi dién ap, cong suat 16m va
toc d6 chuyén mach nhanh (cic théng s6 nay bi gi¢i han bai nhiét d hoat
dong cho phép ctia linh kién), do d6 vén dé dit gia 1a phai tan nhiét cho linh kién.

Cong sudt tidu tédn trén transistor ldm gia ting nhiét d6 mdi ndi bén
trong ctia n6 va nhiét dé nay duge truyén ra vo.

Néu nhiét d6 bén trong hay nhiét 46 méi ndi T; ctia né vt quéa nhiét
d6 cho phép transistor s& bi qua nhiét. P& bao vé transistor trong trudmg hop
ndy phai ding mét tim tin nhiét (heat sink) dé tan nhiét cho transistor va
tAm tan nhiét ndy duoc gin véi vo.

Pudng dic tuyén quan hé giita cong sudt tiéu tan va nhiét d6 vo xem
hinh 11.10

)

v

1 ()0)

= maximum total

device dissipation (V

7y

| | | | l | e
50 75 140 12y 150 175 200

b 2

g )

Case temperature (°C)

Hinh 11.10. Pucng dic tuyén cia céng sudt tiéu tan trén transistor véi
nhiet do vo.
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" T 11 =
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G = - |
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£ 5 bl
3 5 I =+125C
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: wE £k il g | | A
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£ 2 ) =755 ] Bl e} - -
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| B jis pulse lest [ . |
1 1 b yre= ] — 1 -
0 2 4 f 8 10 0 §. & oy A gty
Divgin current 45 (A) Crate-to-source voltape (V)
(a) (b)

Hinh 11.11. Dgc fuyén ciia MOSFET céng sudt cao: 1
a. Quan hé gitta dién dan va dong cuc mdng; b. Pdc tuyén truyén dat.

Tir hinh 11.11, ta c6 thé thdy ring khi nhiét d6 vo (hay nhiét do moi ni)
gia ting, cOng suét tiéu tan gidi han cia transistor giam theo hé sb suy gidm:

P, (T,) = B, (T,) - (T, —T;) *hé s6 suy giam (11.5)

Khi d6, néu sir dung mét tAm tan nhiét tot ¢6 thé cho phép transistor
hoat dong duge véi cong sut tiéu tén cuc dai. Dé thiét ké chon tim tan
nhiét phit hop v&i transistor, chiing ta phai xét dén théng sé nhiét tro @
("C/W). Nhiét 6 trén mot phan tir ¢6 nhiét tré ¢ 1a:

T;-T/=P8
Trong d6 P 13 cOng suét nhiét trén phan ti.

Dé chon dugce tim tan nhiét ding yéu céu, ching ta phai biét dugc cac
thong s6 nhiét cia transistor va sy lién quan ctia cdc théng sb ndy véi cong
sudit tiéu tan. Hinh 11.12 trinh bay mdi lién hé cua dién trd nhiét v6i nhiét
d0 cua transistor.

Pién tré nhiét cho biét sitc néng anh hudng dén gidi han v& dién,
trong hinh 11.12 cac nhiét tr& duge dinh nghia nhw sau:

6,, : nhiét trés nhiét tir mdi ndi dén moi tredng (nhiét trd tong).
6, : nhiét tr nhiét tir mdi ndi dén vo (nhiét tré cla transistor).

6., : nhiét tr¢ nhiét tir vo dén tAm tan nhiét.
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6., : nhiét trés ti tAm tan nhiét dén moi trudng (nhiét trd cta thm tan nhiét).

Vay: 0, =0, +0, +0,, (11.6)

Junction temp. (T} |

Transiskar .P‘.:"w,r

Case temp. [T) e dlissipaticon
In=ulator and contact
Heat sink temp. (T

T 1* v
fe =]
]
¥

Heat sink

Ambient temp. (T4}

H.I-'i =H_,,._- +ﬂ.l'3 +ﬂi4

Ahﬁn]utemm

Hinh 11.12. Méi lién hé cua dién tro nhiét voi nhiét do cua transistor
Theo dinh luit Kirchhoff ta cé:
I, =P8, +T, (11.7)
Tir cong thite (11.6) 6 thé thiy hé sé @ cung cip théng tin v& nhiét
d6 mdi ndi lién quan dén cong suiit tidu tan trén transistor. Vi du: mot
transistor ¢6 €. bang 0.5"C/W, diéu nay c6 nghia 1a néu transistor hoat

dong véi cong sudt tiéu tan SOW thi nhiét d¢ chénh 1éch gitra vo va moi ndi
bén trong li:

T,-T.=P,0,. =(0.5CIW)50W)=25C
Nhur vy néu tAm tan nhiét 6 thé giir nhiét d6 vo tai 50°C thi nhiét d6
mdi ndi cia transistor s& la 75°C.
11.2.3 Cic ky hiéu chinh dwgc sir dung trong chuwong
— Ve, Vee: dién 4p ngudn cung cip.

= ].B, IE, Iﬂq, lcq, ‘\FEEg \'FEE(J: {iﬁﬂg I'Ilétl va dlél'l Eip phﬁn cuc DC cua
transistor.

— I, vee: dong dién va dién 4p AC trén transistor cua mach,
= I, Vp: dong dién va dién ap AC mot dinh trén transistor ctia mach.
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= Iy, Ly, Lppe : dong dién hi¢u dung, mét dinh, dinh dinh & ngd ra trén
tai.

— Igay : dong dién trung binh cia ngudn.

= VL, Vi, Vppu! dién ap hiéu dung, mét dinh, dinh dinh & ngd ra trén
tai.

—  Pg(dc): cong suét ngudn cung cip ngd vio cia mach.

— Py(ac): cong suit ngd ra ctia mach.

— Pg(Collector), Pay(dssipationy: cOng suit tiéu tAn trén transistor.

O T
— 1 higu suit ciia mach.

11.3. MACH KHUECH PAI CONG SUAT CHE PO A
Transistor lam vige trong ca chu ky cta tin hi¢u ngd vao, phai phan cyce
DC trude cho transistor nim trong vimg khuéch dai.
11.3.1 Mach khuéch dai ghép true tiép
a. Phan tich mach & ché d§ DC

Hinh 11.13. Mach khuéch dai céng sudt ché dp A ghép truc tiép.
— Phin cuc DC:

— Dong phin cuc IB la: (11.8)
— Dong phin cue IC vadién ap Veg: . =1, (11.9)

V., =V..—I_.R, (11.10)
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b. Phén tich mach & ché d6 AC
— Khi ¢6 tin hiéu AC: & ngd vao, tin hi€u ra sé bién thién theo tin hiéu
ngd vao tir g4 tr1 dong va ap phan cyc DC nhu hinh 11.14.

&y

Voe { :
.'-- _."'.

| :
/J/'-j\/ | B | ."t\,. .
Ouapual o |
current swing | \I f;"’
- =

Ougpun

o Viw curnznl swing D [ LI Ve
% -
I P Qi |

n ¥ oo
warlfuge awing | e, :E:I:';; -
Hinh 11.14. Su bién thién tin hiéu ra theo tin hiéu vao co dang sin.
— Cong suit ngd ra: Placy=v.i (11.11)
v-l' F I.‘L' v ced = fl'.' -
PL{ISIL'): celmax) clmax) _ ce(p-p) clp-p) (11.12)
2 8
~ Cbng suat ngudn cung cap: Ps(de) = Veeleg = const (11.13)
P (ac
1% = . (a0) 1 00%
— Hiéu sufit cia mach: P (dc) (11.14)
— (Cbng sudt tiéu tan trén transistor: P. = P, (de)— P, (ac) (11.15)

Tir cong thire (11 15} chiing ta thiy ring d6i v&i mach khuéch dai
cong sudt ché d A, mug sudt tiéu tan trén transistor 16m nhat khi khéng ¢6
tin hiéu ra ta1 va nho nhét khi tin hiéu ra tai la lom nhét.

» Hiéu sufit cwre dai ciia mach

D61 véi mach khuéch dai cong suét ché dé A, hidu sudt ciia mach dat
CUC dal khi dién dp va dong dién trén tai dat cue daa (bién thién cyc dai), khi
d6 néu diém 1am viée tinh Q cia transistor nam giita dwdmg tii ac thi:

718
Vi =?ﬂ (11.16)
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v
: J =_¢€¢
Vi Yy (11.17)
ARV o) =W (11.18)
: V,
max{:mp_ﬁ})=f (11.19)
C
V.
max( P, (ac))= 8;‘: (11.20)

Cong sufit ngudn cung cép khi d6:

Vl
max( Py (dc)) =V, 1., =2—;‘: (11.21)
Vay hiéu suit cuc dai ciia mach la:

0 max(F, (ac))
" max(®, (do)

x100% = 25%
(11.22)

Két luan: Hiéu suét cuc dai cia mach khuéch dai cong sudt ché do A
ghép truc tiép chi dat duoc t6i da 13 25%.

c. Bai tip 4p dung

Cho mach hinh 11.15, v&1 Ve = 20V, Rg = 1kQ, p = 25, transistor
loa1 Si.

Tin hiéu ngd vao tao ra dong dién tai cyc B bﬁng 10mA dinh.

~ F A A - A A - A A ;5
Héy tinh ¢éng sudt ngd vao, cong sudt ngd ra va hiéu sudt cua mach
khuéch dai

Bai gidi:
Xdc dinh diém tinh O
Ve -0V 20V -0.7V

: =19.3mA
R, 1KQ

I, =pI, =25x19.3mA = 0.484
Vs =Voe — 1R, =20V —(0.484)(20) =10.4V
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-
==
i~
'_-"I:-.I
= |5
o |
=2 5 =5 =
= = =
e R e - N
._-" ca
b
o =
=
-
=

[ "x ._,.-"“I- Timard flres
" " Gl — \
Sil — ‘“.\\ =
o ' \k Oipersiing poin
.
BETN o in
HHI ",
A"
14 \\_\ ty =0
., u
- - L -
i 5 i 15 21 Vo IV
Ve = I
tah (o))
Hinh 11.15

Piém lam viée duge vé trén dudmg dic tuyén ngod ra nhu hinh b. Su
bién thién cta tin hiéu AC ngd ra c6 thé xdc dinh dwge bing hinh vE& ding
dd thi duong tai DC nhu trong hinh b. Khi dong dién AC ngd vio cuc B
ting so vii diém phéan cyc DC thi dong dién tai cuc C ting 1én mét lugng
nhur sau: Loy ™= )BIE'(::-} =25 x10mA( p) = 250mA( p)

Céng sudt AC ngé ra

=3
(25010 x 20 =0.625W

IE
P, (ac) = E;} R, =

Céng sudt DC ngé vao Py(de)=V I, =(20V)x(0.484)=9.6W
Hiéu sudt cila mach

P, (ac) 0.625W

x 100% = x 100% = 6.5%
P, (dc)

%en =

11.3.2  Mach khuéch dai ghép LC

Dé cung cép ra tai mot cong sudt 16m thong thudomg doi hoi dong va ap
16n. Vi vy trong mach CE ta thay Re bang mét cuén day dé giam tiéu hao
trén Re. Cudn diy nay bi ngin mach d6i véi dong DC nhung hé mach vai
tin hiéu ac tai nhirmg tin hiéu c6 tan so cao.
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Ve

AR
i ff" — -_ i
ey = Iy
e s s S Va J de loud line, slope = - ..
i : I/J " Ry
1C ] i I ®y
i )
I s s e o
! A e o ae boad loe, slope = - !ll
| ™
B N
|
! |
i '
- .|’.

e

© Ver v

(a) (b)

Hinh 11.16. a. mach khuéch dai céng suat ché d6 A ghép LC:
b. Puong tai AC va DC cua transistor.

Tir hinh 11.164a, ta duge cac dudng tai AC va DC & hinh 11.16b

trong d6 bd qua dién tré ciia cuén ddy. Néu dién tré Re it nho c6 thé bo qua
va dé tam dao dong cia tin hiéu ngd ra dat cuc dai, thi diém lam viée Q cob:

W (11.23)
V
I,=—*~ (11.24)
cp .
R[

Viy cong sufit ngd ra cuc dai la:

los o AVE
P, (ac))=—1-,R, =——E 11.25
max( P, (ac)) 2l =33 ( )

Cong sufit ngudn cung cip lac ndy 1a (bd qua su tiéu tin trén R, va Ry):
Vl
Po(dc) =Vl =f (11.26)

L

Khi d6 hiéu suit cuc dai cia mach s& 14

0 = max(P; (ac))
max(P; (dc))

% 100% =50%
(11.27)

Viy trong mach khuéch dai céng 51}51: ché d6 A néu thay R¢ béng
cudn diy thi higu suat cuc dai s€ ting 1&n gap d61 (50%).
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11.3.3 Mach khuéch dai ghép bién 4p
a. Gi6i thidu mach khuéch dai ghép bién 4p

Dé thiét ké mot mach khuéch dai ghép LC dat dugce hiéu suét cao rét
khé khan vi n6 phu thude vao su lién quan cia dién 4p ngudn cung cip Vee
va dién tro tai Re. Vi thé c6 thé thay dién tré tai bing cach sir dung mot may
bién &p c6 ti s6 vong diy quén so cdp va thir cap thich hop.

ee

(a) (b
Hinh 11.17. Mach khuéch dai ghép bién dp.
b. Phén tich mach khuéch dai 16p A ghép bién ap

Mach khuéch dai cong suét ché do A ghép bién ap nhu trong hinh
11.17a, cé duong tai AC va DC tuong (mg trong hinh 11.18,

[

de load line

fee
o ac load line

¥

Vee Ve v

Hinh 11.18. PBuong tai AC va DC

Viy dé tam dao ddng ciia tin hiéu ngd ra dat cuc dai, ta xét diém lam
viéc Q phai nam giira dudmg tai AC, khi do:
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Veog 2Voe (11.28)
2V

Mo Lo 11.29

cp aERL ( )

Viy cong suit ngd ra cye dai 1a:

IV, Ve
€_a’R, =—55—  (11.30)

2
L 2a°R,

max( P, (ac)=i:R, =(ai.)* R, =

T

Céng suit ngudn cung cdp lic nay 12 (bd qua sy tiéu tin trén R, va Ry):

Vi
Py(de) =Veel oy = ﬂ;;’i (11.31)
Khi d6 hiéu suit cuc dai cia mach s& 13
max(P, (ac
= {PL {ﬂr )}x][][}% =509
max(f; (dc)) (11.32)

Viy trong mach khuéch dai cong sudt ché 46 A sir dung may bién 4p
thi hiéu suét cuc dai c6 kha ning dat duge chi 13 50%.

¢. Bai tip ap dung

Mot mach KB lop A ghép bang bién ap hinh 11.17a dé thic mf::-t loa
cé gid tri 16Q théng qua mot bién ép c6 ti 18 4:1. Mach sir dung ngudn cung
cap Vee = 36V, mach tao ra cong sudt 2W trén tai. Hay tinh:

a. Cong suat AC trén cudn diy so cdp ciia bién 4p.
b. Dién 4p trén tai V, (rms)
¢. Dién ap V(rms)tai cudn so cﬁp clia bién ap.

d. Gia tri dong dién hiéu dung trén tai 1, (rms) va trén cudn day so cap
Isc(rms) ctia bién 4p.

Bai gidi:

1. Cong suit AC trén cudn day so cdp clia bién ap:
1 :
PE‘E :V]I] = Hvz X—= = PL{HC) ZZ{W)
a

2. Dién dp trén tai Vi (rms)
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V.2 Viac
Tac6: P,(ac)=——= z (ge)
RL Rl

Suyra Ve (ms) = P, (ac) xR, =+/2x16 = 5.66(V)

3. Dién 4p V(rms)tai cudn so cip cia bién ap:
Vge(rms) = aVi(ac) =4 x 5.66 = 22.64(V)

4. Dong dién hiéu dung trén tai I (rms) va trén cudn diy so cﬁp
Isc(rms) chia bién ap

P, (ac) _ 2

I.(rms)= =(.35(A
NP V,(rms) 5.66 o
Ta co: LsCmy =a=4
I (rms)

I, (rms) 0.35

Suyra I (rms) = = 0.0875(A)

11.3.4 U'n va nhwge diém cita mach khuéch dai 16p A
» Uu diém:
— Méo phi tuyén it do chon dugc dic tuyén ldm viéc cua transistor.
» Nhugc diém:
— Cong suit tin hiéu ra nhé do mach chi lam viéc v tin hiéu nho.
— Hiéu suat thap do phai phan cyc DC trude cho transistor, gy tiéu tin
khéng mong mudn.
11.4. MACH KHUECH PAI CONG SUAT CHE PO B
11.4.1 Gidi thigu

Mach khuéch dai cong suét ché do B c6 dic diém 1a transistor c6 diém
lam viéc nam trong ving tat, c6 nghia 13 transistor chura duoc phén cue. Do
d6 n6 chi din dién trong mdt nira chu ki cia tin hi€u, trong nira chu ki nay
dién ap tin hiéu vao s€ phén cyc thudn cho transistor.

Viy dé tin hiéu ra khong bi méo 50% hay duge khuéch dai toan chu ki
cia tin hidu vao thi phai sit dung hai transistor va mdi transistor s& dén trong
mét ban ki. Khi d6, mét transistor ¢é nhiém vu ddy (push) tin hiéu 1én cao
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trong nira chu ki diu va transistor con lai ¢c6 nhiém vu kéo (pull) tin hiéu
xudng thép trong nira chu ki con lai, két qua ta duge tin hidu toan ki & ngd
ra va mach ndy goi 1a mach khuéch dai ddy kéo (push-pull).

Ale

Hinh 11.20. Buong tai AC

~ Hinh 11.19 1a so @ mach khuéch dai cong suat ché do B duoc ghép
day kéo. Transistor duge phin cyc tai ving ngit, tin hiéu & ngd ra nhu hinh
11.20 s& bi mat théng tin & nira ban ki am.
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11.4.2 Mach khuéch dai ddy kéo cong suidt ché dp B

a. Nguyén Iy hoat djng

Trén hinh 11.21, transistor Q; dugce phian cyc & trang thai ngﬁt Ig; =0
nén Ie; = 0. Transistor Q dugc ph’ﬁn cyc O trang thai ngat Is; = 0 nén ler =
0. Vi mach phén cue & che do ngit nén ning lugng DC cung cap cho toian
mach tét it, ddy 1a yéu t6 co ban 1dm ting hiéu suat cho mach khuéch dai
cong suét ché do B.

0 ban ky duong cia Vita cé V,>Vi>V, thi transistor Q, dan, Q,
khong din. Vi vy, tdn tai dong dién ir, dong dién i bing khong. O ban
ky 4m clia V;, ta ¢6 V,<V<V, thi transistor Q; khong dan, Q, din. Vi vy,
ton tai dong dién i, dong dién i, bang khéng.

Do d6, theo chiéu dong dién trén mach ta co:

Dl!_'i'ﬂ.'g trén tan: iL = i'['] = lT‘z

R ¥ }\ _n{ . - £l
Dong cua nguon cung cap: i = imy + ir

Fry

—F sl ) i

T i

r

2Np:Ns
'y

Hinh 11.21. Mach khuéch dai ddy kéo cong sudt ché dé B ghép bién dp.
b. Phéin tich mach
Pé dong tai khéng méo thi Ip1 = Ipp= I, hoat ddng cua hai transistor
phii d6i xtmg, cic bién dp T, va T, phai 6 diém gifta & cudn thit cip va so
cép tuong (mg (center — tapped transformer).
Nhin trén gidn d6 cia dong Is ta cé céng thirc tinh dong dién trung
binh ctia ngudn nhu sau:
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2 TI2 : 2}-
Ly == [ 1, sin(wrdr ==~ (11.33)
T35 by
ks
lni i L=
’ Vi
TR E
£ 0 S——
Y N
0y u‘_}ti_'q.:'l‘:_ll__l‘__'l'l _______ ﬁu_lr__
Pul fazl 4"~ |"_;__' _____ ATTTTTTTTTTOY
Ff ] K
o
f j : \ )
| 5 At [ — M ooy e e s e e e o Y
I e
||11 ’ Il:l

Hinh 11.22. Gidn do cdc tin hiéu dong va dp ngé vao va ra theo thoi gian
Cong suét trung binh phén phéi trén tai:
1 1Vim 1

P, =EVPLIPL =3 R, =EI§LRL (11.34)

Vir:

Ver, Ip 14 bién d6 dién ap dinh va bién dd dong dinh cia tia

Vp, Ip 1 bién d¢ dién dp dinh va bién d¢ dong dinh khéng méo & ngd
ra ciac transistor

V —N”V
PL N, P
) (11.35)
Fops g
H PL Ns P
2 2z
N 2 N
Suyte Bymav hmc| 0| AL Sl 0] prpy (11.30)
2 2N Ry LN
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Cong suét trung binh phén phoi trén tai cuc dai:

2 3 2
PLan:lvaIPm :l NS V 7P ma :l NF IEMRL {113?)
2 Ayl R BN

Tir dudng tai mot chiéu DCLL, ta ¢6 bién do 4p & ngd ra ciia mdi
transistor cye dai: Vp = Ve

2 3
Suyra: P, =1|Ns | Ve (11.38)
2\ N, R,
: L Ve
Truomg hop: Np=Ngthi P, =——— (11.39)
2 R,
Cong suiit trung binh ctia ngudn cung cép Ps:
Wy 2o e
PV Lo SV — = e [ 200 | O 11.40
I3 cot sav 0 2 ¥ o [ NF} RL ( )
Cong sudt trung binh cuc dai ciia ngudn cung cip:
21
P e =P5ﬂ :'Vr:.*:'ﬂ
Ni‘ N’i‘ VF'L Ni‘ 2 VCC
I.le:lc == IFLTI‘B‘.K o : — = :
N, NI R R R
2 2
suyra: P, =2|Ns | Yer (11.41)
' z\N,) R,
Cong suét tiéu tan cla hai transistor:
2F, C(Collector) — 2P, of { lissipation) R‘E‘ o L
-~ .‘1 "o - A - P g0 .P -
Cong sudt tiéu tan ciia mot transistor: Pg- —5 L (11.42)

A .I{. A F . a5 =
Cong suat tiéu tan cue dai cia céac transistor

2 )
¥ NV Ve 10NV
2P.=P.— P =—V £ e L E = f(V 11.43
s TE g “C[NPJ R, E[NP] R, F ) ( )
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Lﬁy dao ham, khao sat cuc tri ta suy ra cong suét tidu tan cuc dai cla
cdc transistor

2
2 PN Vo o
V.=V, thi 2P, = s | Yee (11.44)
P cc fod 3 [NP} R,
I [N‘.,.T V.2
: P 20N R 1%
Hiéu sudt ctia mach: = -~ = & I A WY

Py 2 N, : Vo 4 Ve
_VCC‘ A 2 il 5
T N ;- Ry

Hiéu suit cure dai khi Py, trong duong Ve = Ve

I

Lo

T
N =——=—=T785% (11.46)
S 4
¢. Bai tip Gng dung
V&i mach KD cong suat 16p B tao ra dién ap 20V dinh cho 1 tai ¢6 gia
tri 16 Q va nguén cung cip V.. =30V,

|. Hay x4c dinh céng sut ngd vio, cong sudt ngd ra va hiéu suét
ctia mach.

2. Hiy xdc dinh cong sudt cye dai ngd vao, cong sudt cye dai ngo ra,
hiéu Suht curc dai cia mach va cong sudt tiéu tan cuc dai trén
transistor.

Bai gidi:

1. V&i dién 4p tin hiéu ra 20V dinh cung cép cho tai 16Q s tao ra

dong ¢ gia tri:

v 20V
1,(p)= ;f"’) =5 =1254

L

Gi4 tri dong dién DC ciia ngudn cung cip:

IMVE%fL(f}):%xLﬁjﬂﬂﬂ.TgﬁA

Tinh cong suét vao: Ps(de)=V el gy =30V x0.796A = 23.9W
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'[.-“1
Tinh cong suat ngd ra: P, (uc): = (p)_ 2ov) =12.5W

2R,  2x16Q

" a A ¢
Hiéu suat ciia mach:

=PL(£IC)}{1{}U 12.5W

Yo17 % = ———x100% =52.3%
P, (dc) 23.9W
Ve :
2. Cong suét cuc dai ngd ra: P, (ac)=—5 = (30v) =28.125W

2R, 2x16Q

Tinh céng suét cue dai ngd vao:

93 L ;
P, (de)=—"L5 = 2(30V) =35.81W

aR, mx16£2
Hiéu suit cuc dai ciia mach:

s P, (ac) < 100% — 28.125W

= « 100% = 78.54%
P, (dc) 35.81W

%

Cong sudt tidu tan cue dai clia moi transistor 14

vz, | _2(30vY
7R, ) 7?x16Q

P, =2him =n.5[
2

d imax

O didu kién cuc dai, cap transistor tiéu thu 5.7W thi ¢6 thé cung cdp
cho tai 28.125W cho tai 16Q va tiéu thu ngudn cung cdp 1a 35.81W.

11.4.3 Mach ddo pha tin hiéu

Trong mach KP cong suit diy kéo, do hai transistor phai din ludn
phién nhau trong mét chu ky cia tin hiéu, mdi transistor dan trong mét ban
ki vi vy phai sir dung thém mot mach dio pha dé dao pha tin hiéu trude khi
cung cép tin hiéu cho mach KD cong suét diy kéo.

Céc dang mach ddo pha thudmg duge sir dung trong hinh 11.23.
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v

Push-puell
™
input signils

s

%
" et

Hinh 11.23. Cac dang mach dao pha

11.4.4 Hién twong méo xuyén tAm trong mach khuéch dai céng sudt
diy kéo ché do B

Mic di mach KB cong sudt ché d6 B cho hiéu suit cao hon nhiéu
mach KD cong suit ché do A nhung tin hiéu ra bi méo, diic biét khi mic tin
hig¢u vao nho tin hig¢u ra s€ bi méo xuyén tim (crossover distortion) nhuw hinh
11.24. Hién twong méo xuyén tim ndy do dic tuyén ngd vao Ig; va Iz cd
ving phi tuyén v&i gia tri dién ap tir 0 dén 0.7V, Dé khic phuc hién tuong
méo ndy ngudi ta thuong méc vao cyc Vpg cia hai transistor cic Diode dé
dori dong vio sang 1.4V nhu ddc tuyén Ig; va Ig; trong hinh 11.24.
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Vi vdy mach KD cong sudt ché dd B chi dugce sir dung trong nhimg
mach KD cbng suat khéng cén cdc théng tin ¢ ving ké cin tim . Trén hinh
11.24 biéu dién méo xuyén tdm tirc 1a mat tin hiéu vao diém E , H khi mach

KP & ché d6 AB.
4 IIi":‘."lnf'
, f'f_\\ 7 _\H
i 1 II."'I \
|'II -""r J%\,_ III| |'l ’RIII
.'I J \""-\.I' |II '":II
B 4 4 E * H .
I :"| I 3
| | {:_" I|I | |
I I 1 I
I \ I'I I |
X |
[ AR I
A I
| | | (). Tin hiéu mang
: : | thiing tin ngéd vio A,
, , | B,C,D,EFH
| | I
| | |
. l ' |
' I I
I f 1 T 4 | |
| | I
; | | |
f (l shel: ] | "Nk
b e S o
.I F ,."II Vo | E "'.I |
' n!E [ &t : : [ \
II |||' |I II Ill : III |
II| I::_ II| :I /.\I‘. | : B :II| llllll’l/ \I‘ II I
v 0] *A' VEEI .!L'II i i "'.'d ’
mn‘—n%'- = Y i rs =
A.j ] I 07 _.III | 14 || ',I l|IIII
A . ®C
] .I ;I I I| III
IIII ; _l.lI I II|I -D l|I
I 7 §
) .I I.lll : "l"' .--"'.I
. | .
- : (b). Tin hiéu ngd ra KB bi
| méo mit théng tin E, H
[
[
[
+
¥ Im k] II.'.“E

Hinh 11.24. Méo xuyén tam tin hiéu ngé ra va khdac phuc méo.
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11.4.5 Ut va nhwoc diém cia mach khuéch dai l6p B
» Uu diém:
Do mdi transistor 1am viéc & mét ban ky tin hiéu vao nén mach c6 thé
hoat déng vo1 tin higu co bién d6 16m, céng sufit trén tai ctia mach lém.

V& DC: céac bién ap Ti, Tz cdch ly nén cdc transistor Q, Q2 khéng
duge phin cue DC trude, do d6 tdn hao DC khong déng ké, hidu suit cao.

» Nhuoc diém:
— Méo xuyén tim do ngudng dan cla transistor co6 thé khac nhau.
— Bién 4p cdng kénh, gi4 thanh cao.

— P& tin hidu ngd ra khéng meo thi cac bién 4p trong mach phai ¢6 cudn
s0 cép (T2) va thi cip (T1) d6i ximg.

— Méo tin hiéu & cudn thir cip bién 4p khi tin hiéu vao cudn so cip 16n
do hién tuong tir tré,
11.4.6 Bai tip uing dung

Bai 1: Mjt mach khuéch dai cong sudt 4m tin 16p B transistor ghép
bién ddy kéo ding bién 4p co dong collector dinh va dién 4p & ngd ra moi
transistor 12 4 (A) va 12 (V). Ngubn cung cip 24 (V), ty sb bién ap Ny:N; =
1:1. Gia sit bo qua céc ton hao diy quin ctia cic bién dp. Hiy tim:

I. Cong suét trung binh phén phéi trén tai.
Cong suéit trung binh dwoc cung cép tir ngudn DC.
Cong suat tiéu tan trén mdi transistor.
Hiéu suit cia mach trong trudmg hop nay.
Gid sir tai 8(Q2), tinh cong suét cyre dai phan phdi trén tai,
Gidi:
Theo d& bai: V= 12(V), I, = 4(A), Ny/N; = 1
1. Céng suat trung binh phan phoi trén tai: P = 0.5V I, = 24 (W)
2. Céng suit trung binh duoc cung cép tir ngudn DC:
Ps = Veclsay = Vee(0.6361p) = 61,115 (W)
3. Cong suit tiéu tan trén mai transistor:
2P =Pg— P, =37.115 (W)

i B ol
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1 transistor: Py = 18.5575 (W)

4, Hiéu suét clia mach:
n=P/Ps=39.27%

5. Cong suét cuc dai phan phdi trén tii néu Ry = 8 (Q)
PLinax = 0.5(VeeVee)/Re = 36 (W)

Bai 2:
Hiy tinh hiéu sudt cia mach kd 16p B st dung ngudn cung cép
V... =24V véi tin hiéu dién ap dinh & ngd ra trong truomg hop V(p)= 22V

Gidai:
Ap dung cong thirc:
don = 249 . 100% ==78.54 22 % =72%
P; (dc) 24V

11.5. MACH KHUECH PAI CONG SUAT CHE PO AB
11.5.1 Giéi thi¢u

Mach KP cong sudt ::h_’é d6 AB 12 mach KP duoc két hop nhimg wu
diém ciia mach KD cong sudt ché d6 B va A. Mach ¢6 hiéu suét cao cia
mach ché d6 B két hop tin hiéu ra it méo ctia ché do A.

Mach KD cong suat ché do AB ciing gidng mach KD cong sudt ché d6
B chi khac 1a hai transistor cia mach KD céng sudt ché dd AB dugc phan
cuc trude ¢6 diém 1am viée nim trong vimg KD gin vimg tit, mdi transistor
duroge phin cuc DC di 1én Ve hodc Vs (0.7V), dé khi cé tin hiéu xoay
chiéu ngd vao thi transistor s& din ngay dé bao dam tin hiéu ra khong bi
hién twgng méo xuyén tam, {i‘éng thoi dat hidu sudt cao.

Mach KD déy kéo hinh 11.25 gidng nhr mach KD diy kéo hinh
11.21, chi khac & mach KB diy kéo hinh 11.25 hai dién tr& R, v R, phin
cuc cho hai transistor Q, va Q, nam trong ving KB, vi viiy hai transistor nay
hoat d6ng & ché d6 AB.

Do han ché clia mach khuéch dai cong sufit 4m tin ding bién ap xuét

4m & ngd ra, nén dé tranh cic han -::he d6 thi ta khéng ding bién 4p trong
cée mach khuéch dai cong sudt 4m tan nira.
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- _'.__ § l_

Biasing netwaork =

Phase-splitting Push-pull circuit Push-pull output Load
il iransformer connection transformer

Hinh 11.25. Mach khuéch dai ddy kéo cong sudt ché d3 AB.

Trong mach KB cong suit diy kéo, do mdi transistor din trong mot
bén ki nén phai st dung mot ting dao pha, dé giam bot ting ndy, ngudi ta sir
dung hai transistor b6 phu (14 hai transistor c6 ciing thong s6 dic tinh nhung
khac loai) va dé tranh céc han ché cua céc bién 4p xudt Am & ngd ra, ngudi
ta thay thé dung ngudn déi (OCL) hinh 11.26a, hay ding ngudn don nhung
¢6 thém tu xuét &m & ngd ra (OTL) hinh 11.26b.

’ sl |

Hinh 11.26. So d6 mach khuéch dai ddy kéo a. ding hai nguon cung cdp
(OCL);
b. diing mét nguon cung cdp (OTL).
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11.5.2 OTL (Output Transformer Less)
a. Gidi thiéu mach OTL
Xét mach OTL nhu hinh 11.27a:

+Voo
A1
Bl I
I
s 4 S Ret| I
0. 4 é Re2 AL
Ci s |
o4 ¥ @ '
Vi ' s
R2 ;

Hinh 11.27.a. Mach OTL
— Bién tré Ry, Ry, diode Dy, D; tao phén cuc trude cho Q) va Q..
— Céc dién trér Ry, Ry 12 cde dién trér 6n dinh nhiét cho Q, va Q,.

— Tu dién C, cach ly DC tai v&i ngd ra cong sudt (M) va dong vai trd
ngudn cung cap cho Q, hoat déng & ban k¥ 4m cia V; nén goi 1a ty
xudt am.

# Cic dang khdc tai B1 va B2:

Bl

B11 Bl| Bll 1
% Rx

VR
DI A D1 ¥

AVR  as :l_HVH

Do ¥ VR
a ”
B2 B2 B2 B2

Hinh 11.27.b. Cac dang mach khac tai BI va B2

am
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b. Nguyén 1y hoat ding ciia mach

O ban ky duong cta Vi, ta ¢6 transistor Q; din, Q; khong dan. Vi véy,
tdn tai dong dién i, dong dién ir, bing khéng. O ban ky am cta V;, ta ¢é
transistor Q; khéng din, Q. din. Vi vdy, ton tai dong dién irs, dong dién iry
bing khong.

Do dé, theo chidu dong dién trén mach ta cé:
Dl‘.'f')‘t'lg trén tai: Z[L = i'r| — l'rg
Dong clia ngudn cung cip: i, = ip

pé dong ti khong méo, L, = L= I, hoat dong ctia hai transistor phai
d6i ximg, R, = Ry, Rey = Ray, dién thé diém gifta Vi = Vee/2.

lui

Hinh 11.28. Gidn do cdc tin hiéu dong va dp ngé vao va ra theo thoi gian
Nhin trén gian dd cia dong Is ta ¢6 cong thitc tinh dong dién trung
binh ctia ngudn nhur sau:
q Ti2

A J' 1, sin(wr)dt =) (11.47)
fr

54V
T ¥

Cong suit trung binh phan phdi trén tai Py ;
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1 I
i = e = —JoR 11.48
L=Vl =35 R, 2 pr ity ( )

Vi

Ve, Ip 18 bién d dién 4p dinh va bién d§ dong dinh cua tai

Vp, Ip 1a bién dd dién dp dinh va bién dd dong dinh khong méo & ngd
ra cua cac transistor.

Xét Q, diin ta c6:

s RL
PL_RE_l_RL P
Vv
§ o= e 3
LL PL P Re +RL
2
k| B2 " K (11.49)
2\ R2R,. 4 R
+ e
-_|:CJ1 :
g vp
Ro?
o I =lp
+
=]
VeL

Hinh 11.29. Xét transistor Q1 ¢ ché dg din AC

Vo
Xét dudmg tai DCLL: V, =%
Cong suat trung binh phén phoi trén tai cyc dai khi Vi, = Vyma
2.2
et P b (11.49)
BlR LR ) B
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Néu chon R, << Ry (thudmg chon R, =0.1R,) thi

R
P =-——*t (11.50)

8 R,

& i

x‘“\ﬁ_‘&h\

x\\
e
1\\5‘ Qun ks
| R“*x -
| Vo2 voE
= |
- '-,'F.m '

Hinh 11.30. Pdc tuyén dong va dp ngé ra ciia méi transistor.
Cong suit trung binh ctia ngudn cung cép Ps:
!

) PR, (B 3 (11.51)
i

P =V

oo

Cbong suét trung binh cuc dai ciia ngudn cung cAp Psmax khi tai tiéu thu
cong suit cuc dai Py s

I IMHX
F.a'nm = R*rﬂ =Vee -
mex ?r
I o, VPM = VCC
=R ¥R, AR 4R
¥
B =P = (11.52)

S~ 27(R. + R,)

Cong suiit tiéu tan cua hai transistor:

25‘:‘: 2 2&’{&95@::&»1) g E& e RL (11-53}

Hiéu suat ctia mach:

474



GIAO TRINH BIEN TIF CO’ BAN CHUONG 11

S i L T T
. .

W=P.=lv Ve i L +R, )V,
x “(R, +R))

Hiéu suat cue dai khi Py, 00 va Pgpax, trong duong Vegpax = Voo/2

2 T R,
= Lmx 7 < 11.55
e Py 4[RE+RLJ s [ )

Pé nang cao dong tai ngudi ta ding transistor mic Darlington nhu
hinh 11.31.

) .

I i [rarlingion

Outpai

12
Loy

_+
-

Hinh 11.31. Mach OTL.
Trong d6, bién tré R, duoce chinh sao cho tin hiéu ra bi méo thp nhit.
¢. U'u diém va nhwoe diém ciia mach khuéch dai OTL:
» Uu diém:
— Mach khéng ding bién ap nén khﬁg phuc cac nhuge diém cia mach
khuéch dai cong suét 4m tan dung bién ép.
— Tin hiéu ra khong méo xuyén tam.

— Hiéu suat cao.
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» Nhugc diém:
— Mach ding tu xuét 4m nén 1am suy hao tin hiéu.
— Do suy hao ciia tu khong dong déu theo tén s6 nén ding tu xuat 4m sé
han ché nhitng tin hiéu c6 tin s thip do d6 mach han ché tin hiéu siéu trém.
I

— Tin sb cit thdp cua mach: £ = 11.56
“ el fe 27(R, + R,)C, { )

d. Bai tip @ng dung

Cho mach khuéch dai cong sudt 4m tin dang OTL nhu hinh 1127 c6
ngu%n cung cap 20V, cic dién trd R; = Ry = 10k, R, = R = 10}, Ry, = 8Q),
Diode ding loai Si. Tu C, = 500uF. Gia sir mach duoc thiét ké d6i xtng Hay
tim:

1. Céc dong dién qua cac dién trd Ry, Ra.

2. Céc dién thé tai cac nat Bi, Ba.

3. Céc bién dd 4p dinh ngd ra clia mdi transistor 14 8V, hiy tinh cong
sudt trung binh phan phéi trén tdi trong trudng hop nay.

Cong suét trung binh ctia ngudn cung cdp & cau 3.

Hiéu suit & ciu 3.

Cong suét trung binh cuc dai phén phéi trén tai.

Néu V; ¢6 gi tr 5 (Vims), tinh cong suét trung binh phén phdi trén tai.

Tén s cét thip cia mach.

=i, TR L

Bai giai:
1.Vé DC, cac transistor dugce phén cuc dién ap B-E du 16n nén ta co thé
xem lgy, Igs << Ipy, Iz, Ipi, Ipas Iry = Ip2 = Iy = Ipa.;

- =2V
T =Toa == - =093%mA
2. Céc dién thé tai cic diem B, By
Vg2 = Rolpa =9.3 (V); Vg = Ve + 2Vy = 10.7 (V)
3.Cho Vp= 8V, ta ¢6 cOng suat trung binh trén tai:

2
R W2
P, e L P _3.16(W)
2\ R +R,) R,

4. Cong suét trung binh cta ngudn cung cép:
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! v
Pe =Vl =Vee ;P =V £

__P =S 6E(W
“ R +R,) S0%)

P
5. Hiéu suit ctia mach: 77 = P_L = 55.84%
by

Ve
6. Cong suat trung binh trén tai cuc dai khi V, = ?ﬂ =10(V)

2

R Pl

PL!‘I'BJ.’ =l - — =494(W)
8\ R, + R, i

7.Cong suét trung binh trén tai:

V?, 51
P, =—=="—=3.125W) (do Vi=5 (Vems) = VL)
R, &
8.Tén sb cit thap: f, = A =35.37(Hz)

27(R, +R,)C,
11.5.3 OCL (Output Capacitor - Less)
a. Gidi thiéu mach OCL

“ \Vees

Hinh 11.32. Mach khuéch dai ddy kéo cong sudt ché @6 AB (OCL).
So sanh vé1 mach OTL va nguyén 1y hoat dong;
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Mach OCL sir dung:
— Ngudn d6i: +Vo/-Veg.
— Tai Ry duge ghép truc tiép véi ngd ra cia ting cong suét (M).
Xét mach OCL nhu & hinh 11.32
b. Nguyén Iy hoat déng ciia mach
O ban ky dwong ciia Vi, ta c6 transistor Q; dén, Q; khéng dan. Vi vy,
ton tai dong dién i, dong dién ir, bang khéng. O ban k¥ dm cia V; ta c6
transistor Q, khong dan, Q; din. Vi viy, ton tai dong dién irs, dong dién iy
bang khing.
Do d6, theo chidu dong dién trén mach ta c6:
Dong trén tai: 1, =iy — i
Dong clia ngudn cung cap: i, = ipy + ip
Pé dong tai khong méo, I = L= I, hnat dﬁng cua hai ‘[:ram:atur phﬂl

ddi ximg, Ry =Ry, Ry =Reg, Voo = Vs (ngunn d6i dbi ximg), dién thé diém
gllIEl Vu = ().

Nhin trén gidn dd cta dong Is ta co cong thirc tinh dong dién trung
binh ctia nguén nhu sau:

TJE.

Bt j £, am(wr)dr_z‘r (11.57)
T
Cong sufit trung binh phin phdi trén tai Py
1 1V3% 1 ;
P=—V,I, =——==I,R, (1158
E; 2 PL* PL 2 RL 2 FLYL ( )

V&1 Vi, Ip 14 bién d6 dién ap dinh va bién d6 dong dinh cua tai

Vp, Ip 14 bién d6 dién ap dinh va bién dd dong dinh khdng méo &
ngd ra cla cac transistor.

Xét Q, & trang thai din ta cé:

-

R
R
PL RE -I—RL P
‘ v
b g g
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2 472
p;:l[ R, j"”’? (11.59)

RL
VpL

Hinh 11.33. Xét transistor Q1 o ché dé dan AC
Xet ﬁuﬂmg ta1 DCLL: meu = VEC
Cong suét trung binh phan phdi trén tai cyc dai khi Vi = Vpmas

_ e
W L ReER L R

Néu chon R. << Ry, (thudmg chon R, = 0.1R) thi

1 Ve
=i 11.60
Lomus 2 RL [ ]
Céng suit trung binh cia ngudn cung cép Ps:
21, _
Py =Veel gy =Vee ? (11.61)

C6ng suat trung binh cue dai cia nguéu cung cﬁp Pt

21 h it
- =P.5',.,L,m = Yo
i
I s VP!‘I‘ILL": VCC

TR AR, (RAR)
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ZVL'L‘E
Popu =y Er—e—t—0 (11.62)
T(R +R,)
Cong suiit tiéu tan cua hai transistor:

ZPE_,‘ i z‘F:Hdi.v.-zip.::.rfmJ i R‘:—' i P.L {l 1-63)

Hiéu suit cia mach:

_P,_2\R+R ) R, _z( R, OV, Gl
P, 2 V, 4| R +R, V.

& R AR
Hiéu suat cyrc dai khi Py g v Psmax, trong dwong Vemax = Vee

P, zf X s
n_ =—=— < 11.65

& max

¢. Uu va nhwrge diém ciia mach khuéch dai OCL

» Uu diém:

— Mach khéng ding ty xuét &m nén bang théng cia mach duge md rong
& tan s6 thap, tiéng s& 4m hon, khiic phuc nhuge diém cia OTL.

— Tin hi¢u ra khéng méo xuyén tam.

— Hiéu suit cao.

» Nhuoc diém:

— Mach khé thiét ké.

— Mach sir dung ngudn d6i.

— Do tai ghép truc tiép nén phai c6 mach bao vé qué cong suat, mach
bao vé léch diém 0V, mach dong cham tai.

d. Bai tip Gng dung

Cho mach dién nhu hinh 11.34, hay tinh cong su;fit_ ngd vao, cong suat
ngd ra, cong suat tiéu thu ciua hai transistor va hiéu suit cia mach véi tin
hiéu vao co6 gia tri la 12V rms.

Bai gidi:

Trudng hop nay so véi mach OCL 1y thuyét thi Ry = Rz = 0Q
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Dién ap dinh cua tin higu ngd vao 1a

V.(p) =2V, (rms) =/2x12V =16.69V =17V

O trudmg hop 1y tudng, dién 4p cung cép cho tai bang dién &p ngudn
cung cap nén

Vo =2V, (rms) =2 x 12V =16.69V =17V

~Vigg =-25V
Hinh 11.34. So dé6 mach cia bai vi du mau.
Dong dién trung binh ciia ngudn cung cip
2, 2¥, Dl
1z R, x4

—

=2.7(A)

I.’i.-'ﬂ-'

Cong suit ngd vao ciia mach:
P (dc)=Vecl gy =2%27=67.5W)

A A ~ 5
Cong sudt ngd ra cia mach:

Vo 17
P, (ac)= = =36.125W
. (ac) = W)
Cong sudt tiéu thu cta hai transistor:
2Pc = Ps(dc) — Pi(ac) = 67.5 — 36.125 = 31.375(W)
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P ©
Hiéu suit cia mach:

_ P,(ac) 36.125

n% x100% =53.5%
P.(dc) 675
11.5.4 Néng céng suit cho mach khuéch dai cong suit 4m tin ché
do AB

Chiing ta ¢6 cOng suét trung binh phan phdi trén tai phu thudc vio céc
thﬁ]lg Sé VPL Vil ]-PL:
1 TF w1

By SV Fpp 2= =—IyR
L 2 PLY PL 2 RL 2 PLIYE

Do d6 nfng cong sudt trén tai c6 thé ding cdc cch sau:
— Ning bién dd dong qua tai.

— Ning bién d§ dién ap trén ti1, mach ghép transistor dang cdu BTL
(Bridge (Balanced) Transistor Lineout).

— Ning bién d6 dong vi bién dd dién ap trén tai.
a. Phuong phéip ning bién dj dong qua tai
— (Ghép transistor dang Darlington.
— Ghép song song transistor: thudng st dung trén thuc té

| -Di+ios

)
&
]

. ! - )
Rt a1 L . i E oz
| K ot L |: = |
Fllh : { = e , P RE
S A3 ‘é R3 [
oW =Y y |
| |
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Hinh 11.35. So dé nguyén Iy ctia phwong phdp ndng dong qua tdi
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b. Phwong phip ning bién d§ dién ap trén tidi BTL, phai ding
mach khuéch dai dém déo
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Hinh 11.36. So do nguyén Iy ciia phirong phdp néng bién dg dién dp trén tdi BTL

c. Phu‘ung phip ning bién d§ dién 4p va bién dj dong tii , ddng
thoi két hop mach khuéch dai dém dio
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Hinh 11.37. So dé nguyén Iy ciia phicong phdp néng bién dé dién dp va
bién do dong tai.
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11.6. MEO DO SONG HAI

Tat ca cidc mach KD c¢6 thé bi danh hudng bdi tin hiéu nhidu va chinh
tin hi¢u nay lam méo (sai léch) tin hi€u ra so vai tin hiéu vao, thong ﬂm&mg
nhimg mach KB c¢6 cbng suit cang cao thi cang bi anh hufmg nhiéu. Tin
hiéu nhidu sinh ra trong cédc mach KP céng sut ¢6 nhidu nguyén nhén,
nhung ¢ day chiang ta chi khao sat sy méo tin hig¢u ngd ra do song hai.

Mot tin hidu sin chi c6 mét tin s6 duy nhit. Mot mach KD 1§ tuéng cd
kha nang KD mdt tin hiéu sin va chi ¢6 mdt tin hidu sin duy nhét & ngo ra co
cling thn s véi tin higu & ngd vao va ¢ bién d6 16m hon.

Méo tin hiéu xdy ra do dic tinh khéng tuyén tinh cia céc linh kién
trong mach va do su dap img v&i cac tin higu ngd vao khac nhau tai nhimg
thn s6 khéc nhau cta cdc mach dién va linh kién trong mach. Piéu néy ity
ra d6i v&i tt ca cac dang mach KB cong sudt, vi vy né gdy ra méo tan s6 &
tin hiéu ra so vdi tin hiéu vao, trong cac mach KP mng suat d3 xét & cée
phan truée sy meo tin hiéu do song hai & ngd ra chh yéu xay ra trong mach
KD cong suit ché do B va AB.

M6t phuong phap dé phén tich sy méo dang nay la ding phuéng phap
phén tich Fourier.

Méo do song hai bic thit n la:

D %=

11.66
A ( )

Trong do6 A bién d6 song co ban
A, bién d§ cia song hai bac n
Viy tong méo tin hiéu do cic séng hai giy ra la:

THD% =/ D? + D? + D? +---x100% (11.67)

Mot mach KB dugc danh gia@ t6t khi tin hiéu ra co bién do tin hiéu
s6ng hai bé hon tin hiéu gbc nhiéu l4n va THD% cing bé cang tbt.
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AT ¥ ¥, sinan
Distorted sinuscidal signal T (Tundaroenal sinusoidal compaenent)
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Hinh 11.38. Phén tich dang séng trong mach khuéch dai céng sudt ché dj B.

11.7. MACH KHUECH PAI CONG SUAT CHE PO C

Mach KD cﬁng sudt ché d6 C khéng sir dung dugce trong cic mach KD
cong suit &m tan ma chi thucmg duogc sur dung trong truyén I:hc":‘mg
Transistor trong mach KD ché d6 C c6 diém 1am viéc nim siu trong ving
tit vi vay hig¢u sudt ctia né cao hon mach KB ché do B.
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VRE ﬁgnﬁ]‘/-\

ac load R i I

YrE
exlended 31 E a

i
Q-point
inegative Vg

—Vyy

Hinh 11.39. Mach khuéch dai ché Hinh 11.40. Puong tai AC ciia
ds C mach khuéch dai ché d C.
11.8. MACH KHUECH PAI CONG SUAT CHE PQ D

Mach KB cong suét ché d6 D duoc thiét ké dé hoat dong véi céc tin
hiéu s6, hiéu sudt ctia n6 ¢6 dé dat dugc dén 90%.

Converts digital
hack to sinusoidal

Hinh 11.41. So d6 khéi cia mach khuéch dai ché dé D.
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e

ﬂ/ﬂ\Q VAN ANV
T A LN

| / I

\ / Input waveform
N,

RN

Sawtooth (chopping) waveform

+5'1ul i e -
- Digital waveform

g

i e -

f

Hinh 11.42. Dang song vao va ra cua mach khuéch dai ché dé D.

11.9. BAITAP CHUONG 11
11.9.1 Khuéch dai cong suét 16p A
a. Bai tip phin mach khuéch dai 16p A ghép truc tiép
1. Hiy tinh:
a. Cong suét vao P; (dc)
b. Cong sudt ra P, (ac)
c¢. Céng suat tiéu tin Pr

d. Hiéu suit % cta mach ctia mach KB nhur hinh BT.1 véi tin hiéu
ngd vao tao ra dong dién tai cyc B 1a SmA (rms).
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+Vee (18V)
o

Re =160

Hinh BT.1.

2. Hiy tinh cong sudt tiéu tdn ctia mach KD nhu hinh BT.1 néu dién
o RB co gid tri 1a 1.5k Q. Néu cong sudt tiéu tin cuc dai cho phép cua
transistor 14 1W thi gid tr1 cyc ti€u ctia Re 14 bao nhiéu?

3. Hay tinh cbng suét ra cue dai cia mach kd nhu hinh BT.1 néu dién
tréd Rg o gid ri 1a 1.5k Q.

4. Néu mach dién cta hinh BT.1 dugc phin cyc tai diém lam viéc
trung tim cia dién dp va dong dién thi cong suit ngd viio bang bao nhidu dé
duge cong sudt ngo ra bang 1.5W.

b. Bai tip phin mach khuéch dai 16p A ghép bién ap

5. Mot mach KD 16p A ghép bang bién 4p theo d 1¢ 25:1 dé diéu
khién téi cé gid tri 4£2. Hiy tinh todn tai ac L,huyf:n doi.

6. Hay tinh todn t s6 vong ddy quén cia bién 4p dé didu khién tai c6
gid tri 8 2 dé tao ra tai ac chuyén doi c6 gid tri bang 8k Q.

7. Mot mach KB 16p A ghép bing bién 4p dé thde mot loa c6 gid tri
16Q théng qua mdt bién &p c6 ti 1& 3.87:1. Mach sir dung ngudn cung cép
Ve =36V, mach tao ra cdng sudt 2W trén tdi. Hay tinh:

a. Cong sudt ac trén cudn dy so cip cia bién 4p.
b. V,(ac)
c. V(ac)tai cubn so cap ciia bién ap.

d. Gia tr1 dong dién hig¢u dung trén tai va trén cudn diy so cﬁp cua
bién ap.
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8. Hay tinh higu suft cia bi 8 néu dong dién phan cyc Tee =130mA

9. Mot mach khuéch dai 16p A ghép bién 4p ¢ dién tr&d RE = 100Q
va RL = 4Q, RB = 40k, tu CE = 100uF, hé sb diy quin mdy bién 4p c6 ti
1& 2:1. Mach sir dung ngudn cung cip Vee = 20V va transistor c¢6 B = 40.
Hay tinh

a. Cong sudt ra cuc dai trén tai

b. Céng sudt ngudn cung cip cho mach.
c. Hiéu sudt toi da cia mach.

d. Cong suit tiéu tAn trén transistor.

10. Mot mach khuéch dai 16p A ghép bién dp duge phan cyc tai Ie =
0,2A. ¢6 hé s6 ddy quin mdy bién 4p 12 1.58:1 va R, = 200, ngudn cung cap
12 20V. Hay tim

Do dbc cta dudmg tai ac bang bao nhiéu?

Pudng tai ac cit truc Vg tai gid tri nao?

(Gi4 tr1 dinh cuc dai cia dién ap collector khéng b1 méo?
Coéng sudit cuc dai trén tai?

i O o B

e. Hiéu suét cuc dai1?
11. Mot transistor trong bai 11 ¢6 p =40. Hay tim:

a. Gia tri dong base can thiét dé thiét 1ap diém Q mdi cho phép
dong ra cuc dai.

b. Gia tr1 Ry tuwong (nmg cho céu a.
c. Cong sudt tai 12 bao nhidu néu trong didu kién cdu a.

d. Hiéu suat

11.9.2 Mach khuéch dai lép B

12. Hay vé so dd mach Kb cung suit push pull lcrp B sir dyng
transistor npn ghép bién 4p. Hay v& so d6 mach KP u:mg sudt puﬁh pull lifp
B st dung transistor pnp ghép bién 4p. Hay v& mét vong dé hién thi chidu

dong dién di qua cuén so cip khi dong ngd vio 13 duong
va am.
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13. Dong i, dinh va t;iit:f‘n ap V. dinh trong mdi transistor ctia mach
khuéch dai diy kéo ghép bién 4p ding transistor npn kéo tai 8Q 1d 4A va
12V. Hay tim:

a. Cong suat tai

b. Céng sudt ngudn cung cip twong mg

¢. Hiéu suat.

d. Biét hé s6 diy qudn mdy bién dp 1a 160:40. va V =24V

14. Mot mach mach khuéch dai ddy kéo ghép bién 4p dung
transistor npn kéo tai 8U c6 hé sé diy quin méy bién 4p 13 160:40.N6 phai
c6 kha ning phan bb cong sudt 40W trén tai theo cdc didu kién cong suat
cuc dai. Gid tri ngudn cung cép cyc tidu ¢6 thé 1a bao nhiéu.

15. Mot mach KB 16p B cung cip tin hiéu c6 bién d6 dinh bing 22V
cho mot dién tré tai c6 gid tri 8 Q va ngudn cung cip V.. = 25V. Hiy xéc dinh:

a. Cong suit ngd vao.
b. Céng suit ngd ra.
c. Hiéu suit ctia mach.

16. Mot mach KD 16p B ngudn cung chp Ve, = 25V diéu khién tii
co gia tr1 8Q . Hay xac dinh:

& A - z
a. Cong suat ngd vao cyc dai.
a A -~ .
b. Cdng suat ngd ra cuc dai.
¢. Hiéu suat cuc dai ctia mach.

17. Hay tinh higu suit ctia mach KP 16p B v&i ngudn cung cap
Ve = 22V dicu khién tai c6 gid tri 4Q véi gid tri dién ap dinh ngo ra
trong hai trudmg hop:

a. V. (p)=20V
b, Vi(p)=4V

11.9.3 Mach khuéch dai 16p AB (OTL, OCL)
18. Cho mach kd céng suit 16p B nhu hinh BT.19, hiy tinh:

a. Cong suat cyc dai P, (ac)
b. Cong suit cuc dai P(dc)
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Ve L i
c. Hidu sudt cuc dai %n

d. Cong sudt tidu tan cyc dai trén ca hai transistor,

#¥pe [+30 V)
a
{-:'_ i 1
) { .
Y
. L ¥
bL | s
£ P RO
- g o
T -
$ £y
Ve =20V
Hinh BT.19.

19. Néu cho tin higu vao mach KD cong sudt cia bai 19 ¢6 bién d6
8V hiéu dung, hdy tinh

a. Cong suit P,(ac)

b. Cong suét P.(dc)

c. Hiéu suit Geny

d. Cong suét tiéu tan cuc dai trén ca hai transistor.

20. Cho mach KB c6ng suat nhu hinh BT.21, hiy tinh:

a. Cong suat P (ac)

b. Cong suat P(dc)

c. Hiéu sut %n

d. Cong suét tiéu tén cuc dai trén ca hai transistor.

e. Pién 4p danh thing cho mdi transistor
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GIAO TRINH BIEN TUY CO BAN
Wer (+40V)
'HI
c, 100 £
)| e
100 pF
. PR ) "
= 18V, rms
R
Gy 1009 glﬂ
) .-:e_-
o R,
% 100 @
b i
P !
=¥ (=40 V) Fig
Hinh BT.21

21. Cho mach kd céng suat nhu hinh BT.22, hiy tinh:
a. Cong suit P (ac)

b. Cong suit P,(dc)
c. Hiéu suét %

d. Céng suit tiéu tan cuc dai trén c 2 transistor.

Biét R, =8Q va V,..=40V

o D\ 1

Hinh BT.22

492



GIAO TRINH BIEN TIF CO’ BAN CHUONG 11

22. Cho mach khuéch dai céng suat OTL nhu hinh BT.23, biét bién
tr& 10uF duge chinh sao cho Q; va Q; ¢ diém 1am viéc ndm trén bién gidi
vling khuéch dai va ving tit (Ig; = Igz =0).

a. Dong dién qua moi dién trd 68 Q

b. Pién 4p tir base xuong mass ciia mdi transistor
c. Hiéu sudt khi dién dp dinh 1a 2V

d. Hiy tim cong sufit ngd ra cuc dai

e. Hiéu suit cuc dai clia mach

f. Thn sb cit thip ctia mach bing bao nhiéu?

* 12V
1R éﬁ? o ‘
1 ’ [;Ii:n
ém -
A

% 1063
L ]
!

Hinh BT.23

23. Néu mic thém hai dién trd tai cyc E cia hai transistor cong suat
trong mach hinh BT.21. Hiy tim biéu thirc quan hé giira Po, Pi, n véi RL va
RE. Riit ra két Tudn.

24. V&i mach nhu bai 23 néu RE =0.5 Q. Néu dién 4p vio 1a 10 V
hiéu dung thi hiéu suit ciia mach bang bao nhiéu?

25. Hay tinh to4n cdc thinh phan méo hai d6i véi mét tin hiéu ngd
ra ¢ bién d0 song co ban 1a 2.1V, bién d séng hau bac 2 14 0.3V, bién dd
song hai béc 3 14 0.1V, bién d¢ séng hai biac 4 14 0.05V.

26. Hay tinh 46 méo hai téng cong THD cha bai 26,

27. Hay tinh toin d6 méo hai tong cong cia tin hiéu ngd ra véi dang

song c¢6 cidc gid tr1 do dugc nhu sau Veuin :2.4?1 =10V va

Vg =20V

Ve
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May do d6 méo hai c6 cic gid tri do nhu sau: D, =0.15, D, =0.01 vi
D, =0.05 v&i dong [,=33A va R, =4Q, hdy tinh toidn d6 méo hai cha
thanh phén s6ng co ban va cong suét thng.
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Chwong 12
MACH DAO DONG

12.1. MACH DAO PONG TAO SONG SIN
12.1.1. Nguyén Iy tao dao ding

Mach dao dong la mach cé kha ning chuyén déi ning lugng mot
chiéu (DC) sang dang xoay chidu (AC). C6 nhiéu loai mach dao dong tao ra
cac dang song tin higu khac nhau nhu: séng sin, séng vudng, séng tam giic..

Trong d6, mach dao déng tao séng sin duge sir dung 1ong r§1 trong cac
hé thong théng tin, trong do ludmg, kiém tra, diéu khién, chuyén d6i tan sb...

Cac mach dao dbéng tao tin hiéu somg vudng, tam giac. xung gai thi
thuomg duge ding trong céc b chuyén mach, diéu khién, ...

Chit lugng cia mdt dao dong phu thude vao su 6n dinh ctia tin s ngd ra.

Nguyén 1y tao dao dong dua trén cAu trac cia mach khuéch dai hdi
tiép duong nhu hinh 12.1.

V: ll: %ﬂ%} A F’”.

Khéi héi tiép

p

Hinh 12.1. So do khoi cia mach KP ¢6 hoi tiép dwong.
e A: Mach khuéch dai vong hé ¢6 hé s khuéch dai 1a A.
e f: Mach hditiép, c6 hé sb hoi tiép 1a p.

e V,: Tinhiéu hoi tiép.
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e V.: Tin hiéu ngd vao.
e V . Tinhiéu ngd vao ctia mach khuéch dai khi c6 hoi tiép.
e V. : Tin hiéu ngd ra.
o A,: D0loi vong kin ciia mach khuéch dai khi c6 hdi tiép
Hbi tiép duwong 14 tin hiéu hdi tiép cling pha véi tin hiéu vao.
% U va khuyét diém ciia hdi tiép dwong:
— U diém: Hoi tiép duong c6 tin hidu hoi tiép ciing pha véi tin hidu

ngd vao nén lam ting tin hidu ngd vao clia mach khuéch dai din dén do loi
ctia mach khuéch dai ting.

— Khuyét diém: Hdi tiép duwong 1am cho mach khuéch dai ¢6 d6 loi
16 din toi khong 6n dinh d& bi danh thing,

Chinh vi nhitng wu khuyét diém trén ma mach hdi tiép dwong chu yéu
stit dung trong cac mach dao dong.

1%
D6 lgi vong hé ciamach: A= VD
vV
H& s6 hdi tiép: B=2
Pé loi vong kin:
Vv, V V% A
. . B (12.1)
A
Vo V.,

Trong biéu thirc (12.1), néu hé s6 Af=1thi A, — o, didu ndy ciing

cO nghia lé% — o0, hay ndi cich khic 1a V, #0 khi ma V, =0. Nhu viy
khi didu kién nay duoc thoa thi khi khong c6 tin hiéu vao mach van co tin
higu & ngd ra, lic dé ta goi mot mach dao dong.
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CHUONG 12

(ST,
Kho1 hoi

7 P

180°

180"

e
/

-, (e
Khoi1 ho1

tiép -

p

180°

Hinh 12.2. So d khoi mach hoi tiép khi cé tin hiéu vao va khi khéng cé tn

hiéu vao

Néu A = 1 thi s& xay ra cac trudmg hop sau:

497



CHU'ONG 12 GIAO TRINH BIEN TU CO' BAN

’ v.l {\U/\Uﬂ ;

Af <1

A =0.005

(a) Mach dao ding tit din

A

f=01

(b) Mach dao déng ting din

= AN
VAV

Al =

p=0.01 |

(¢) Mach dao ding tao song sin
Hinh 12.3. Mach tao dao djng song sin, (a) A<1,;(b) AP=1; (c) Af=1
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Két lndin:

Mach dao dong 12 mach khuéch dai c6 hoi tiép duong va o6 cac phén
tir tich cuc dé nap xa nang lugng va mach phai théa man diéu kién can va da
cua Barkhausen nhur sau:

a) Didu kién can bing bién do: |A.B| = 1
b) Piéu kién céin bing pha: gjap =0
Ta c6 biéu thirc ham phirc nhur sau:

vaZ+b? s
|A.B|—m=l (12.1)
b b1
c) Suy ra @ap = arctg(;) e arcg(z) = () (12.2)

Tir didu kién ndy ta ¢6 thé tinh duge thn sé cong hudmg cia cde
mach dao dong
o Néutaco|Ap =|

a
al+jbl

(12.3)

Bé mach dao dong ta phai théa min diéu kign gy = arctg(>) —

arctg(y) = 0 (12.4)
Cho b=0 ta ¢6 didu kién cin bing vé pha.
5 ) 5 .
o NéulABI=| 5 (12.3)

Bé mach dao dong ta cho a;=0, tir d6 ta suy ra didu kién cén bing vé
pha va suy ra tan s6 dao déng ..

Trong chuong nay chiing ta chi khio sat cac mach dao dong ding linh
kién r&i ding transistor (BJT hay FET), do vily nhimg mach dao dong nay
phu thudc vao cic yéu to bit én nhu sy thay dbi nhiét d6, dién 4p ngudn
cung cap, dién dung ki sinh ctia transistor... dén dén sy bét 6n cia bién d
tin hiéu ra va tan s6 dao dong.

Chit legng cua mach dao dong phu thude vao cac didu kién sau:

— Su 6n dinh cia ngudn cung cip.

— Théng s6 on dinh nhiét ctia mach (ding dién tr& Rg).

— Tai tan s6 dao ddng ctia mach khéng c6 sy anh hudng cha dién dung
ki sinh bén trong clia transistor.
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Nguyén tic hoat déng chung cila cdc mach dao dong tao séng sin:
Khéi A dong vai trd khuéch dai dé duy tri dao ddng, khéi B 14 khéi chon loc
tan s6 dao dong.

Khi vira méi cap dién do sy bién thién dién 4p trong céc phén tir trong
mach do d6 n6 sinh ra dién 4p tap 4m véi phd tan lién tuc, néu 1a hdi tiép Am
thi céc tap 4m ndy s& bi triét tiéu, con néu 13 hodi tiép dwong thi tai tin s6 tin
higu duge chon loc s€ cung pha véi tin hiéu ngd vao, lam ting bién d6 ngod
vao va ngd ra xuft hién tin hiéu dao déng.

12.1.2. Céic mach dao ding tao séng sin

Duya theo dic tinh linh kién va tan s6 dao dong, c¢6 thé phéan loai mach
dao ddng tao song sin thanh hai loai:

— Mach dgm dong RC: trong d6 tin s6 dao ddng cia mach phu thudc vao
théng $6 cua céc phan tir R va C, dugc sir dung trong nhitng mach dao
dong tan so thap.

— Mach dao dong LC: trong dé tin s6 dao ddng cta mach phu thude vao
théng s6 cia cdc phan tir L va C, duoe sir dung trong nhitng mach dao
d6ng tan s6 cao.

a. Mach dao dong RC

» Mach dao ding dich pha ding Op-Amp:

Hinh 12.4. So dé khoi cia mach dao dong dich pha.

Trong mach dao déng dich pha, kh6i A 1 mach khuéch dai dao va
durge noi téi ba bo loc thong cao RC, nén duogc goi 14 mach dao déng
dich pha.
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Céc mach loc RC dimg dé dich pha tin hiéu di 180 tao tin hiéu hoi
tiép dwong & ngd vao. Pdi véi mach loc théng cao RC, tin hiéu sau khi di
qua mach loc théng cao s& 1&ch pha di so véi tin hiéu vao tir 0 dén 90 iy
thude vao tin s6 clia tin higu ngd vao. Nhu viy ) mach lpc RC phai thoa
man sao cho khi tin higu di qua s& tao dugce tin higu hi tié]: duong & ngd
vao hay tong goc 1éch pha cua tin hiéu sau khi di qua khau hoi tiep 1a 1807,
vay trong trudomg hop st dung ba mach loc RC nhu hinh 12.4 thi mach sé&
dao dong tai tan sb tin hidu ¢6 gbc 1éch pha 60" sau khi di qua mot mach loc
RC.

C C C
( Y iz
C AN AN

S Lol

Hinh 12.5. Khdu hoéi tiép ciia mach dao déng dich pha.
Xét khiu hinh 12.5 ta c6:

V. =IX,+R)~IR
0=1,2R+X,)~R(I:1+1)
0=I,2R+X,)-RI:

Vo=13R
Trong d6:

1
Ye=iog

Thay gia tr1 vao ta dugc:

TV RP4SRYI+6RX.+XE X2 .®. X
V. Skt 0 % G l+5R“+6 RE+R§

]
2
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1 |
B= 1 . 3 1 (12.6)
— j(6 z)

(@RC)? (@RC) (wRC)

Mach dao dong tai tin s6 c6 hoi tiép duong hay: £ =180" theo biéu
thirc 12.3

Fi 1
Theo (12.3)tacé: b, =6 - — =0
(wRC) (@RC )

- - o~ = .}\. |:|
Vay mach s€ dao dong tai tan s6:

! 1
e o g —— 12.7
R v - MR

Khi phai thoa diéu kién vé bién d6 A=1, ta thay gia tri tan s6 tin hiéu
dao déng cua mach vao cdng thirc (12.6) ta duge: fF=-1/29

~ Vay dé mach duy tri dao dong, mach khuéch dai A phai c6 hé s6
khuéch dai A =-29.

# Mach dao ding dich pha diing transistor:

Vi Ve
R, K, R'f'
4,|:[ = o
3 = ! i
ke f=m = 2mRC.[6+4(R./R)
c c C O C >
| 14 R

Hinh 12.6. a. Mach dao dong dung JFET; b. Mach dao dong diung BJT.
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—  BIJT va FET dugc phén cuc & trang thai khuéch dai.
—  Hoi tiép 14 nhdnh ba mac xich RC.

—  Tu Cg va Cs ¢6 gid tri 16n cho qua tin hiéu nhiu va céc tin hidu tan
s6 qua trinh dao dong tdp &m ¢ tén s6 cao nay sinh trong qué trinh
dao déng va tap 4m c6 tdn sb cao.

Mach dao déng dich pha RC ding OP-AMP ¢6 so dd nhu hinh 12.7.

Ri Rf
—ANN— AN

+Vee

~ C C C

| [ | £ | £

+ X I AN
-Vee

R R R

Hinh 12.7. Mach dao dong dich pha RC.
Theo didu kién dao dong thi AZ =1, tasuyra

A=—=-29
p
Suy ra A= o =29
Rf
Hay R. =29R,

Ché §: Gia tri chia R, vingd vao V_ =V, =0V nén R, | R cla ting
RC cudi cing s& gy sai so 1éch pha. Dé két qua tring v&i tinh todn thi
R, >>R dé R, IR =R hoic boé qua dién tré R va R, duoge thay bang R.
Mach hoan chinh nhur hinh 12.8.
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=

Hinh 12.8. Mach dao dong dich pha trong thuc 1é.
— A bd khuéch dai
—  Bién tr¢ Ry 0n dinh chéng tap dm
— D, D, d6ng vai trd 6n dinh dao déng véi tin s6 @y
» Mach dao ddng ciu Wien:

Mt bo dao dong thue té 14 ding khuéch dai thuét todn va mach ciu RC,
voi tin s6 dao dong duge xdc dinh béi R va C (gdbm RC néi tiép va RC mic
song song)

Ri1

0O
=
(=]
o
o

2
=
| e |
=

R <R

5

Hinh 12.9. So do khoi ciia mach dao dpng cdu Wien
Vi A 13 bo khuéeh dai khong déo.
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» AN I{ -
VU ..R‘]_--“\. Cl I th
\
I
|
i_ §R2 P

I,

Hinh 12.10. So dé mach cdu Wien

RIX,,

Xét so d6 nhur hinh 12.10 ta c6: V= 2
R+X,+(RI1X.,)

Ve R,IX,,
V. BtXaH R 1X)

p

REXE‘E
R,+ X,
R, X

A (A i 8
] “ R2+‘x€2

o REXCZ
RIRZ +R1X€l +RE‘.XC'I +Xﬂ'lx|‘32 +R2XCE

£ = (12.8)

2 1 wC, R,
Trong mach dao dong ciu Wien, do A 1a mach khuéch dai khong ddo,
vi viy dé thoa yéu cdu vé pha thi: 25 = 0"

Hay:
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_}=DD

2 1
Vay mach sé& dao ddng tai tan s m, theo cong thirc (12.4):
1 1
———— hay f =
JR.R,C,C, 27 RR,C.C,
Dé mach duy tri dao ddng tai tin sb cta cong thitc (12.9), phii thoa
didu kién vé bién d, khi d6 tai tan s6 dao dong:
1 1
P=—% € 3

T4 ——4 3

= (12.9)

o Y Wl 3
RE CI
- R o
Viy: A=14+—+2
2 C]
Néu ta chon gid tri linh kién trong mach la: C,=Ca=CvaR =Rz =
1
2aRC

Vi d& mach dao dong thi mach khuéch dai A phai thoa: A =3.

Sau ddy, ching ta s& khao sat mot mach dao dong ciu Wien ding
OP-AMP:

R, thi tAn s6 dao déng ciia mach 1a: ¥

Ay
/

Hinh 12.11. Mach dao déng cdu Wien.
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Diéu kién dao dong 1a AZ =1 nhung dé dao déng dugce thuce hién khi
méi céap dién, didu kiénsé1d Ag =1 sao d6 mach phaitr 6ndinh Ag =1.

Mach dao déng cau Wien ding Op-Amp thyc té nhw hinh 12.12.

%

LAY A

+Veo
-
VR? ‘ oo, |
Br
—2
s 2

Hinh 12.12. Mach dao dong cau Wien trong thuec té
b. Mach dao djng LC:

Cac mach dao dong LC hoat dong dua trén khung céng hudng LC
trong cac so d6 mach.

» Mach dao ddng ba diém dién dung (Hartley)

Ve
| A
G, - o
e
I\
T C,
L =L +L,
L I
= IilEG,

Hinh 12.13. Mach dao dong Hartley.
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Transitor duroce P}sﬁn cuc & ché khuéch dai, khung cdng huong LC cé
vai tro chon loc tin s6 va hdi tiép vé ngd vao cia khau khuéch dai.

RFC: Lucm can cao tin (Radio Frequanuy Choke), c6 dién cam rat 1ém
trong vung tAn 6 dao dungj, vi vy vé mit xoay chiéu ta xem nhu cuén RFC
hd mach tai viing tan s6 dao dong.

Mach dao déng Hartley c6 dién 4p héi tiép trén cudn diy L, va dién

ap ngd ra trén cudn day Lo, nhu vay tin s6 dao ddng ciua mach duge xac
dinh nhuw sau:

|
mL,+mL2—M3_u
@ = 1 hay [ = 1 CYE. (12.10)
JG@L+L) O w{GEL+L) 2GL

» Mach dao ddng ba diém dién dung (Colpitts)

V.
p—>0
kL
[ =ﬂ
C+C
. 1
L

Hinh 12.14. Mach dao dong Colpitts.

Mach dao déng Colpitts c6 dién ap hoi tiep trén tu C; va dién dp ngd
ra trén tu C,, nhur vay tn s6 dao dong cia mach duege xdc dinh nhur sau:

1 1
wC, f}C

1
e il ba hay f =——— (12.11)
Lle ¢ 27.[L,C,

+awl, =0
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» Mach dao djng Clapp

Mach dao d6ng Clapp 1 mach bién thé ctia mach dao déng Colpitts,
hinh 12.15.

Vee
-
RFC
B2 24 V
c |{ S T
e L
"o E ;
R[
Rz% Rirrals
e
J|f' —;
C, <<C,.C, ]' " ST

Hinh 12.15. Mach dao dong Clapp.

Trong mach dao déng Clapp, gi4 tri ty C3 nho hon rét nhidu so vdi ty
C; va Cq, do viy:

O g

=— 4+ —
.

3

C

T

Khi d6, tan s6 dao ddong ctia mach chi phu thude vio gia tri tu C; va
1 (12.12)

2. LC,

e

3

gi4 tri ciia cudn diy so cdp may bién ap T: f =

» Mach dao djng Armstrong
Piy 12 mach dao ddéng don gian ding khung LC dé chon loc tin sb
dao d6ng, so dd nhw hinh 12.16.

Tmn% mach dao dng Armstrong, c6 A la mét mach khuéch dai dio vi
vay khiu hoi tiép phai dich pha di 180", khau héi tiép diing may bién 4p T,
domg vai tro dao pha tin hiéu.

Tén s6 dao dong ctia mach chinh 14 tin s6 cong huéng cta khung LC:

1

= 12.13
f 27 LC ( }
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Trong 6 C = C, va L chinh 13 dién cdm cta cudn diy so cép may bién
..ip T] .
F:’.‘E‘
RS RFC
2 i ) :
€ "
H— i
E 2r JLC,

TT

Hinh 12.16. Mach dao dong Armstrong.
» Mach dao djng thach anh

Cac mach dao dong LC co nhm;tc diém 1a tin b dao ddng khong on
dinh do céc gid tri L va C bj thay doi theo nhiét do, d6 am, .... Dé tin hi¢u
ngd ra ciia mach dao doéng c6 d6 6n dinh cao, ngudi ta sur dung cac mach
dao dong d-.mg thach anh. Do tinh chat cta tinh the thach anh c¢6 the cho ra
nhimg tin s6 dao dong chudn khéng phu thude vao didu kién ciia méi trudng.

Hinh 12.17 trinh bay cau triic tinh thé thach anh (crystal):

T amis

|
I
z

Hinh 12.17. Tink thé thach anh.

Tinh thé thach anh dugc ché tao tir $i0s, né ¢6 dic tinh cta tinh thé ap
dién: khi ap lén bé miit tinh thé mét dao ddng dién bang cach I:fiy hai ma kim
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loai kep miéng thach anh & gitra, tinh thé s& dao cj:’;fmg co hoc hoic néu thc
d6ng 18n bé mit tinh thé mdt 4p Iye, trén bé mit s& xuat hién mét ste dién dong.
Tiy thude vao kich thude, bé day, mit cit mdi phién tinh thé thach
anh c6 mot tin s6 cong hudmg nhat dinh, tir d6 sinh ra mot dao dong dién
cong hudng & tin s tuong meg.
Do dac tinh cua thach anh hoat dong nhur mach cdng hudng cia tinh

thé 4p dién, nén c6 thé mé phong mach dién twong dwong cua nd nhu
hinh 12.18.

XL
4 s
|
I
I
L
= 0 I;I :/ =
I
I
(a) I
I
I
(b) X .
(c)
Hinh 12.18. (a) Ki hiéu thach anh; (b) Mach dién tuong dwong; (c) Dap
umng tan so.
dién dung gia do.
dién dung cia phién thach anh.
dién cdm cia phién thach anh.

f::;:
fp:

dién iy cﬁaphiénmach anh (ﬁf‘:-n hao ciia thach anh khi dao ddng).
tin s6 cong hudmg nodi tiép.

tin s& cong hudng song song.

Tong tros trong duong cta phién thach anh, ndu bé qua tén hao clia
phién thach anh:

2
7 :j (o LCQ —2] {]214)
* ) OGS SN B T S 5ol
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Tén s6 cong huong ndi tiép la:
o 1
- e

Téan s6 cong hudng song song 1

1 T
s Jsp—G (12.16)
Ty 27, LC,. G

Vay c6 thé sir dung thach anh dé thay thé mot mach LC ndi tiép hay
mach LC song song. Vi du: Mach dao dong Colpitts ding thach anh nhu
hinh 12.19.

(12.15)

Hinh 12.19. Mach dao déng Colpitts ding thé thach anh.

12.2. MACH DAO DONG TAO XUNG
12.2.1. Mach dao djng tao xung vuong
a. Mach dao djng da hai ding BJT

Trang thdi cin bing cta mach (mdt BJT din va mot BIT ngét) chi
6n dinh trong mdt nhét dinh nao d6 rdi tw dong 14t lai trang théi kia va
nguoe lai. Hinh 12.20 trinh bay so d6 nguyén 1y vi biéu d6 thoi gian cia
mach dao dong da hai ty dao dong.
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F'y an
+Veo| o Bece i
( e
’ i ¢
") Vo t“ l| tg t'| -
] AR Vo
i | g
| |
' |
Voo : |
]
:L > +E
g
| ¢ e
| I I
Vi |
(a) TN .

(k)

Hinh 12.20. a. Mach nguyén Iy bé da hai tie dao dong; b. Biéu dé thoi gian

Hai trang thdi néu trén cua mach da hai ty dao dong com duge goi 1a
cdc trang thdi chuan cin bang. O d6, nhimg thay d6i twong dbi chim cia
dong digén va dién ap gm& cac diém trong so do dan téi mot trang thai t6i
han ma tai d6 c6 nhimg diéu kién d@é tu dong chuyen dot ngdt tlr trang théi
nay sang trang thai khic.

Nguyén 1y hoat d6ng ciia mach ¢6 thé tém tat nhur sau:

Vigc hinh thanh xung vuﬁng & ciac ngd ra duge thuc hi{én sau mot
khoéng thiri gian t; = t; — t, (6 v&i ngd ra Vo) hodc to= tz — t; (d6i v6i ngd
ra Voz) nho cac qu:i trinh dt bién chuyén trang thai cua so dd tai cdc thoi
dlE:‘lTl PR B 3y PO

Trong khodng thdi gian t,, transistor Q; & trang théi ngﬁt (), bio hoa. Tu
C, da dugc nap diy dién tich trude lic t, phong dién qua Q2 qua ngudn Ve,
qua theo dudmg +C,, 021 R,, -C; 1am dién thé trén cuc base cta Q, thay -:Té'ii
theo hinh 12.20.b. Béng thdi trong khoang thdi gian nay tu Cz duge ngudn
Ve nap theo dudmg +Vee, Re, Qg, ~Vee ldm dién thé trén cuc base cia Q4
thay d6i theo hinh v&. Tai théi diém t = t; Vg = 0,6V Q; dan, x.iy ra qué
trinh d6t bién 1an thir nhit, lic ndy Vg, 4m lam cho Q, ngung din. Trong
khoang thdi gian T2 = t; — t; trang thai trén duogc gilt nguyén, tu C; bit diu
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phéng dién va tu C; bit diu qud trinh nap twong tu nhu di néu trén cho téi
lic t =t,, Vg, = 0,6V lam Q, m& vi xdy ra dét bién lan thi hai chuyén mach
vé trang théi ban déu: Q, ngit Q, dan.

D) rong xung 1, va 1, lién qua tryc tiép véi hing sb thoi gian phéng
ciia tu dién va dugce tinh theo biéu thirc sau:

T =R1C]1I12 = D,ﬁE}SR]C] =[],TR]C1
T2 =R2C21112 = [],693R3C2 =[],?RQC2

j’ o -3 % - —_—————
Tén s6 dao dong cia mach 1a f,= TaRC

Bién d6 xung ra dugc x4c dinh gin dimg bang gid tri ngudn cung cip V.
b. Mach dao dong da hai dung OP-AMP

R
LA
M
: w <
|+ j“’/ vngﬁi} ty ta ty tﬁ_vnm
C T v, = e 1" i
P M N -V inax
= : I |
Ry WV, A .
= — = vnm
t
(a) —
s £y b $ [t
: -V
e -
- L *
(b)

Hinh 12.21. a. Bé da héi trén co sé bé khuéch dai thudt todn; b. Gian dé
thai gian lam viéc

Nguyén 1y hoat dong ctia mach ¢6 thé giai thich tém tit nhu sau:

Gia sir ban ddu Op-Amp bdo hoa duong V.= +Vece, khi d6 dign thé
trén ddu vao Vy ting 1én nhd qué trinh nap tu C cho dén khi dat téi ngudng
lat (Va>Vp) thi so do chuyén trang thai va dién 4p ra Vo= -Vec. Sau d6 dién
thé ddu vao Vy giam din nhd qua trinh phéng dién cia ty C cho dén khi dat
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o1 ngudmg lat (Vy<Vp) thi so do chuyén trang thai va dién ap ra V= + Ve
hinh 12.21b.

Néu chon Ve = -Vamin = Ve thi ta cé:

Vdﬂng= = B.VEE;
Vigie= B.Vees
Vi p=——

—— 1a hé s6 héi tiép duong clia mach. Cén lvu y 1a dién 4p
ngd vao Vy chinh 1a dién 4p trén tu C, s& bién thién theo thdi gian mang qui
ludt cia qua trinh phéng dién va nap dién cha ty C tir nguén Vee hode -Ver
thong qua R trong cac khoang thoi gian tir 0= va tir t;=t,.

Chu ky cta mach dao dong dugce xac dinh theo cong thirc:
ZR1

T =20 =2RC.In(I+=7)

Néu chon R; =R, thi T=2,2 RC

Tén s6 dao d6ng ciia mach 1a f,=

2,2RC

Nhu vy chu ky ctia mach dao dong chi phu thude vao céc théng sb
mach ngodi R, Rz, R, C.

Khi cén thiét ké mach dao déng da hai c6 d6 én dinh tin sé cao va ¢6
kha ning didu chinh tin s6 ta c¢6 thé sir dung cac mach phirc tap hon.

Hinh 12.22. trinh bay so d6 nguyén 1y va gian d6 séng ctia mach dao
dong da hai khong d6i x(mg.

3 V oA
DI V‘-‘
Vet
R.i vmua R E i(j
D _,.-"". -~
N:\_\ > | T T P ~ h B -
- oo it pad SR
b rd )
C T v, Ty
+ eiott Loy ——w
i, T (b)

(a)
Hinh 12.22. a. Mach da hai khéng doi ximg; b. Do thi thoi gian dang xung ra
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Tu dién C duge nap qua (Ry, D)) va phdéng qua (R, D5).

] 2R1
Néu chon Ry=R,, khi d6 1,=R,C.In(1+ = )

1
)

ZH
T1=R3 C‘.ln{]+ B2
2R1
Do d6: T=1+12=C(R3+ Ry) In {l+g)

Tén s6 dao ddng cua mach 1a f,= T

Bing céch thay dbi gi tri R; va Ry ta & thay déi dugc db rong xung
trong khi chu ky cta tin hi¢u van giit nguyén khéng doi.

12.2.2. Mach dao ding tao xung tam giic

Xung tam gidc duge sir dung {shé bién trong céc hé théng dién tir nhu:
théng tin, do luomg hay tr dong diéu khién 1am tin hiéu chuén hai chiéu bién
d6 va thoi gian c6 vai trd quan trong trong hdu hét céc hé thdng dién tir hién
dai. Hinh 12.23 dua ra dang xung tam gi4c 1y tuéng véi cde thong sb nhur sau:

Hinh 12.23. Xung tam gidac Iy twong
Bién d0 Vinax,
Mirc mjt chiéu ban déu (tai t=0) Uy(t) = U,
Thoi gian quét thuén: tg
Thai gian quét nguoc: t,,
Tée 6 quét, hay d6 nghiéng vi phan cta dudng quét: K=

Nguyén ly tao xung tam giac dua trén viéc sir dung qua trinh nap hay

phong dién cia mét tu dién qua modt mach nao d6. Khi quan hé dong va ap
dUc(t

trén tu bién dbi theo thai gian ¢ dang I.(t) = Cﬁ“ trong diéu kién C 1a
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hﬁnb s6, mudn quan hé U.(t) tuyén tinh cin théa mén diéu kién i(t) = hang
80, Noi cach khac, sy phu thuge dién ap trén ty dién theo thoi gian cang
tuyén tinh khi dong dién phéng hay nap cho ty cang 6n dinh.

Co hai dang xung tam giac co ban 1a: trong thoi gian quét thudn t,, Uy
ting theo dudmg thing nhd qua trinh nap tu tir mot nguén mét chicu nao doé
vi trong tho gian quét nghich tye, Uy giam theo dudng thang nho qua trinh
phéng ciia tu dién qua mdt mach tii ndo d6. D& dim bio tye<< ty, cin phai
nap nhanh va phéng chim.

a. Mach tao xung tam giic diing transistor

Hinh 12.24 dua ra cic so d6 ding transistor théng dung dé tao xung
tam gidc.

Hinh 12.24. Cdc mach tao xung tam gidc ding transistor thong dung nhat.

Vé&i mach hinh 12.24(a), ban dau khi V=0, Q; din bdo hoa nhd
dién trd Rg, dién ap ra Vo= Vg = 0V. Trong thoi gian 6 xung vudng,
cuc tinh 4m diéu khién dua t6i cuc base 1am cho Q, ngung din, tu C
duge nap tir ngudn Vee qua R 1am dién 4p trén tu ting dan theo quy ludt
ham mii: Uy (t)= E(1-e %),
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Pién 4p ndy U.(t) = V,(t) & gin ding bac nhét ting theo thdi gian t.

Véi mach hinh 12.24(b), transistor Q; méc theo kiéu B chung c6 tic
dung nhu mét ngudn 6n dong cung cip dong g2 6n dinh nap cho ty trong
thoi gian cé xung vudng cuc tinh Am diéu khién 1am khéa Q,. Véi didu kién
gén ding dong cuc C cua Q; khong dbi thi:

I ,
Udt) = fo " Iczdt = ﬂ t 14 quan hé bic nhét theo t.

Mach nay cho phép bién d§ xung tam gidc ngd ra gan bﬁng vin nguﬂn
cung cﬁp Vee. Tuy nhién, khi 6 tai R, nbi song song trur.: t‘lf:p vol C thi co
dbng qua R, va 1am gidm bién d6 ngd ra. Dé st dung tt, can c6 bién phép

ning cao R, hay giam anh hudémg cta R, d6i véi mach ra cua so do.

V&i mach 12.24(c), Qi phin cuc nhé Rp & mmg thai dan va chi khoa
khi c6 xung vudng tic dong. Q: khuéch dai dém lam viéc & ché do dong ngit.

Ban diu (Vi=0), Q; md& nhd Rg, trong thai gian ¢ xung vao Qg bi khoa, C
dugc nap qua Diode va R 1am dién thé tai diém M 4m dén 1am cho Q; din
manh va 6n dinh dong nap cho tu din dén dién 4p ngd ra tang tuyén tinh
theo thdt gian.

Uu diém cta mach niy 1a bién d6 dién 4p ra dat xdp xi dién 4p ngudn
cung cap.

Céc so @6 hinh 12.24 ¢6 thé st dung vGi xung diéu khién cuc tinh
nguge lai khi chuyén mach Q, dugc thiét ké & trang théi khoa.

b. Mach tao xung tam giic dimg Op-Amp

R“
AN
Ec
TN +E R
; | " Yy
i R g,
D—'_m_‘ R 'EE
oS . wn N e
Vi = v
) L e
Vi Rp
(a)

Hinh 12.25. Cdac dang tao xung tam gidc dimg IC tuyén tinh.
a. Dang mach tich phan don gian;
b. Dang mach phikc tap c6 diéu chinh hudmg quét va ciee tink
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Hinh 12.26. Gidn do thoi gian mach tao xung tam gide hinh 12.25b

Ngoai ra nguoi ta co thé tao ra ddng thoi mot xung vudng va mot xung
tam giac nhd ghép noi tigp mdt bd tich phan sau mdt mach Trigger nhu
Hinh 12.27.

Hinh 12.27. So do tao dé}ng thoi xung vuéng (V,1) va xung tam gidc (V,2)
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12.3. BAI TAP

12.3.1. Hiy thiét ké mdt mach dao déng dich pha sir dung OP-AMP ¢
R; = 20kQ; R = 1k€, hiy tinh gid tri Ry va C dé mach tao ra
song sin ¢6 f, =1kHz.

12.3.2. Tinh tin s6 dao ddng cia mach ciu Wien ¢6 Ri= Ro= 51kQ;
C] = CZ = U’.{}U]pF,

12.3.3. Thiét ké mach dao dong cdu Wien c6 f,=10kHz.

12.3.4. Mot mach dao dong Colpits dung transistor ¢é C,=0.01pF;
C, =2500pF va L=40uH. Hiy tinh tin s dao dong cua
mach.
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Chuong 13
MACH KHUECH DPAI CONG HUONG

13.1.GIOI THIEU

Chuong 13 nay 14 mot chuong khong kém phén quan trong va tha vi
trong linh vyc dién tir. No1 dung chuong s€ gidn thigu, gidi thich nguyén 1y
hoat dong, img dung mach khuéch dai cong hudng vai muc dich khuéch dai
tin hiéu tai mét tin s6 mong mudn (tin s6 trung tim fy) va mach loc véi mue
dich chon loc nhitmg tin hidu ndm trong ving tan s6 duoc quan tim (dai
théng) con tat ca nhimg tin hiéu con lai s& duge khir hay 1am suy giam di.

Mt trong nhitg mach dién tir quan trong ciia hé thong thong tin d6 1a
mach khuéch dai cong hwomg. Mach khuéch dai cong hudmg 1a mach
khuéch dai tin hidu v6i bang tin hep va tin sb trung tim f,. Tan s6 trung
tim 1a thn s6 ma tai d6 mach c6 hé s6 khuéch dai 16n nhit. Cac mach
khuéch dai cong hudng duge thiét ké dé nén tit ca cdc tin hidu ndm dudi tin
s6 cit dudi f, va nim trén thn s cit wén f,, . Mach khuéch dai cong
hudmg duge sir dung trong hiu hét tat ca cic thiét bi théng tin. Vi du nhu
radio dé nhén céc tin hiéu AM va FM.

Alamy
<+ BW, >
fy
0 dBe vaa > f
3dB -

N\

[ BN
"‘Eﬁuﬁng cong f '\1.______
dip tmg tién Buémp cong d4
chuin [ \  tmp lméch dai
f \ edng hudmg
/ \
/ x5

' ~

— S

L J

Hinh 13.1. Pdp tmg tn s ciia mach khuéch dai céng huwdéng.
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13.2. PAC PIEM CUA MACH KHUECH PAI CONG HUONG
Mot mach khuéch dai cong hudng 1y tudng c6 bang tin nhur hinh

P34 v I3

Ay

fi

fa

Aspimidy

_ Dii dimg

Déi théng

_(bing théng) |

Dai dimg

|:}__
Hinh 13.2. Pap img tan s6 ciia mach khuéch dai cong hiromg Iy tuéng.

M6t mach khuéch dal ccrng hucmg 1y turn:mg chinh la mach loc théng
dai. Trung d6 d6 loi cho tét ca cac tan 5o tir 0 dén tan s6 cit dudi ﬂ (fL) va tir
£, (fy;) dén oo déu bing 0 (khir tit ca cdc tin hiéu ndm trong ving tan so nay),
con cée tin hiéu ndm trong dai tan f; dén f> s& duge khuéeh dai bang nhau
vGi hé s6 khuéch dai mong mudn. Trong thuc t€, diéu nay khong thé dat
duge. Hinh 13.3 s& so sanh dap (mg tin s6 cia mach khuéch dai cong huimg
1y tuong va thuc té.

A £ T" g
1 dB » f
Fx s
[ § e
/ \
/ \
3dB - ?- -IE
Thuc té / \
\‘f \
/ At
” ~

oo dB il it IS »

Hinh 13.3 So sdnh dap img tdn s6 thuc té va I tuomg.
Trong do -0 dB tuwomg ung voi A, = ()
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C6 mét thue té 13 ching ta khong thé xay dung dugce mach khuéch dai
cong hudng ma chi cd ging dé dat gin 1y twdmg. Thye té nhu hinh 13.3 thi
mach khuéch dai cong hudng chi khuéch dai 16n nhit tai tin sé trung tim f,.
Ngoai tin s6 nay, d6 loi suy giam manh dic biét 13 ngoai ving dai théng cua
mach. Do d6, dé xdy dung mot mach céng huong tot can phai tim céch ting
do déc (Roll — Off) cua dudmg suy giam tin hiéu. Néu dé déc duge ting thi
dai thong s€ hep lai nhu hinh sau:

AAvydr)

0 dB

Hinh 13.4. Ty 1 gitia bing tan va dé doc.

Do dée trong mach khuéch dai cong huong duge didu khién boi hé s
phim chit Q (Quality) ctia mach, Q 12 hé s6 phim chét duoc tinh béi ti sb
clia thn s6 trung tdm va d6 rong bang tin

- Jo 13.1
i (13.1)

Tén s6 trung tim dwgce tim béi trung binh hinh hoc cia f, va f,:

Jo =~ N1y (13.2)

Khi Q ctia mach KP 1én hon hodc bﬁng 2, [ dat téi gia tri trung binh
cua f; va f;:

.ff} = -fuue
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_fi+h
2

Vi du: Mot mach khuéch dai  cong hudng o
f, =1160kHz v f, = 1240kHz.

Trong d6, f,, dugc tinh:

ave

(13.3)

'I'im fp Vﬁ fm-'e-
Ta cé: fo = fif: = V1160 » 1240 = 1199(kHz)
Va
e i ;fz . 1120;124{] ~ 1200(kH2)

Ta thay hai gid tri fy = f..., kiém tra lai gid tri Q cua mach:

e ?

£ . 1109
BW 80

Viy ta thdy khi Q Ién hon hodic biang hai thi f, gén bing [,

13.3. MACH KHUECH PAI CONG HUONG DUNG LINH KIEN ROI
Mach khuéch dai cong huong dimg khung LC thay cho dién trés Re, nhur hinh:

G

.
1

Hinh 13.5. Mach khuéch dai eéng hiromg dimg khung LC.
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Mach LC song song cé diic tinh tong tré nhu hinh 17.6:
s

Y

Hinh 13.6. Pdc tinh tong tré ciia khung LC.
Téan s6 cong hudng cia mach LC 1a:

1
fi=—F7— r: resonant 13.4
27 LC [ nant] (13.4)
Tai thn s6 cOng hudmg ndy, X = X, khi d6 tong trés clia khung LC
jeal.(—J /¢
Fl e AT, e
JjoL— jlwC

» Nguyén 1y hoat dong:
— BIT dugce phin cue boi VCC, R1, R2 va RE; BIT & trang thai khuéch dai.
— So dd ciia mach dbi véi tin hiéu ac khi c6 dong xoay chiéu ta c6
khung dudng di theo khung (1) tin hiéu xoay chiéu trén hinh 13.5. Ty Cs, Cg
cO gia tr1 1om nén Zpg = Zg = 0. Khung LC s€ tao dao dong cdng huong tai
thn s6 xdc dinh 12 tdn s cong huong cua khung.

— Ta c¢6 mach twrong duong tin hi¢u nho trén hinh 13.7

g
L
]
1

E

Hinh 13.7. So do twong dwong cua mach khuéch dai cong huong véi tin
hiéu ac.
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Ta ¢6 tai tin s6 cOng huong d6 loi mach 13 16n nhit:

—-Z /IR R
| Av |nm = 4 L= ——k (13.6)
rE" rE"

Khi tin hidu véo ¢6 tin s6 f, < f,, X 16n hon Xy, do dé dong dién cta

khung LC chii yéu di qua cudn day. Khi d6, tong tré khung LC Z= Z; nén lic
nay dd loi mach la:

—-Z/IR 2 IR
A= B8 g Bal B (13.7)
r&' rt*
Khi tin s6 giam dén:
RL
| 13.8
f:m ff_. 2}35 ( }

thi d6 loi giam di 3dB, vy d6 chinh 13 tén s6 cit dudi ciia mach.
Khi tin hiéu vao ¢6 tan 86 f, = [, X, bang X, do d6 tong tré cia khung

LC bing vb cing, dong dién qua khung LC bing 0, dong i. chi yéu di qua Ry.
Nhur vy hiéu suat va do lgi ctia mach dat gia tr1 cye dai

LA )= _Z:’KRL a2 I (13.9)

Viy tin s6 cong huong cia khung LC chinh 12 tin sb trung tim clia mach
khuéch dai cong huong.

fh=1r. (13.10)
Khi tin hiéu vao c6 tin sb f,, > f,, trd khang ctia cudn diy ting va try
khang tu dién gidm nhanh chéng (X nhoé hon Xy).
Khi tén s6 tin hidu ngd véo tiép tuc ting dén:

1
j}n_fL_EFICRL

Thi d6 loi giam di 3dB, d6 chinh 14 tin s6 cft trén clia mach.
> HE s6 phiim chit Q

Hé sb phﬁm chét Q cia mach khuéch dai cong hudng phy thude vio
khung LC, hay néi chinh xac né chinh 14 ti 86 cua ning lugng luu trir trong
mach va nang lugng bi mét trong mach:

(13.11)
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(== (13.12)

X, tré khdng ciia cudn déy tai tan so trung tam.
R, dién tro cua khung RLC. Néu dién tré cuén day bé R, = R;.
13.4. MACH KHUECH PAI CONG SUAT LOP C

— Mach khuéch dai c¢ong sudt 16p C 1a mach khuéeh dai cho tin hiéu ngd
1a khac véi tin hiéu ngd vao vé hinh dang.

— Chinh la mach khuéch dai cong hudng ¢ thém nguf:‘un Vig.

|:-_}+"IFGG
~ ﬁLT
Cr
— v
]
| -
‘u’iH' 5 s
Ry
i fp‘ﬂ =

'VEE
Hinh 13.8. Mach khuéch dai lép C.
# Phin tich DC:
Transistor trong mach khuéch dai 16p C c6 diém tinh Q ndm séu trong
ving tit do do Iz =0 va Vg = V. DCLL nhu hinh vé

Ica

Ve Ves

Hinh 13.9. Duong tai DC
# Phin tich ac:
Hoat dong ac chia mach dya vao dic tinh ciia mach ¢ong hudng

song song.
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Al
1
+V ﬁ\ Ve _l+ 4+ Yela = ¥eli 5
= J T : Vi -__ Vi | Yo
I FI
L : M To-T4 Ty-Ty T4-Ty
I
I
i

=

|—o-% A
|
D

D

Hinh 13.10. Hogt dong cua khung LC.

O +VCE

Hinh 13.11. Hoat dong cia mach khuéch dai lop C.

13.5. MACH LOC TiCH CUC:
13.5.1. Gi6i thiéu

Mach loc 12 mét mach c6 kha ning cho tin hiéu nim trong khoang tin
36 ndo d6 di qua va lz‘am suy hao hay khir tit ca cdc tAn s6 nam trong khoang
con lai. Khoang tin s6 cta tin hiéu ma mach loc cho phép di qua goi 1&"1 dfu
théng cua mach (passband). Thong thudmg, dai thm:lg ctia mach 13 dai tin s6
duge phép di qua mach loe véi d6 suy hao thip nhét (qui wde dd suy hao tin
hiéu nay la it hon -3dB tuong duong do suy giam con 70.7% ).

Téan s6 cit fo (Critical frequency hay cut off frequency) 13 diém tan s6
ma tai do dap Umg cua mach giam -3dB so voi dap (g trong Vu_'t'.t;-: dai
thong. Tén s6 cit 1a diém gidi han cia ving dai thong. Cic tin sé cit nay
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con duoe goi 1a £ (low frequency — tin s6 cit dudi) va f; (high frequency — tin
sd cit trén) ngu ¥ 14 diém gi¢i han dudi hay giéi han trén cua viing dai thong.

Mach lgc thudmg ding nhitng mach RC, LC hay RLC duge goi 1a
mach loc thu dong (passive). Con mach loc két hop gilra ph’ﬁ‘n tir tich cuc
BIT hay Op-Amp v&i mach loc thu déng duoce goi 1d mach lopc tich cuce
(active) nhd kha nang khuéch dai tin hiéu cta phén tir tich cue ndy.

Mach loc phan tir RC thudng duge ding & tan s6 thap, ¢ tin s6 cao
hon ngudi ta hay dimg thém cudn diy L.

Béc ctia mach loc quyét dinh d§ suy giam cia tin hidu c6 tin s ngoai
vung dai thong. Mach lge bic mot ¢6 dd suy giam 13 -20dB/decade, béc hai
cOd d§ suy hao 14 -40dB/decade, bdc ba cd d6 suy hao 1a -60dB/decade...
Phan sau s& trinh bay mach loc ding phan tir RC va béc ciia mach loc dya
vao sO mil cia bién phiic jo (hay $) trong ham truyén d6 lgi Av. Néu ham
truyén A, chira da thitc bac nhdt cta jo thi 1a mach loc bac nhit, twong tu
néu chira da thirc béc hai cia je thi 14 mach loc bdc hai...Bay gid, ta s& xem
lai mach loc thong thap ding phén tit thu dong RC (hinh 13.12) ma ta da
khao sét & phin dép (mg tin s nén khong chimg minh lai cong thirc:

- Biéu thirc d6 lgi mach A, = . . 1

V. R-j/27fC 1+ jwRC

It

chita da thirc bac nhit cta j® nén mach 1a mach loc bac mét.

V —jl27fC
— D6 loi mach A, =—2%= : 16n nhét bing 1 do mach
chi dimg phan tir thu dong khong ¢6 kha nang khuéch dai tin hidu.

— Tén sb cit fo ctia mach gi01 han d réng ving dai théng ciua mach
trong ving tin s6 [0, fc]. RS ring trong trudng hop niy fc 13 gidi han
trén clua ving dai théng nén noé con duge goi 1a fy.

—- Dbi véi mach loc thuc té, trong vung dai thong do lon mach cd suy
giam chit it (khodng -3dB), con ddi v6i mach loc 1y tudng, ta xem
nhur trong vimg dai théng dé loi mach khong doi.

— Ngoai ving dai thong, do mach loc 14 bic mot nén dd suy gidm cia tin
hidu (hay d6 loi) 1 -20dB/decade twong duwong khi tan sd thay dbi
1014n — 1decade (cu thé d6i véi mach nay 14 tén s6 ting 10 lan) d6 loi
$& giam 20dB (giam 10l4n).

929



CHU'ONG 13 GIAO TRINH BIEN TUY CO BAN

s | ralwriaki il 1o | )
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Hinh 13.12. a. Mach loc théng thap thu dong b. Pdp img tan s6 thuc té ciia
mach loc c. Pdp vmg tan s6 Iy twdng ciia mach loc d. Tan s6 cdt trén cia
mach loc

# Phan loai mach loc tich cyec:

Avlaml B
i i
_ 3484 —3ans |
| & L=
|
|
[
!
1
| i |
L_ = I S )
e
e - pragn
ial
A By icany
I. "
3 daH f -3 uli'i-
1 n

b ———
|

,_
==
=y

=
]

&
Band - pass B - atog (' Maokeh'™')

L-1]

Hinh 13.13. Pap ing tan 56 cuia cdc mach loc tich ciec.
a. Théng thap b. Théng cao c. Théng ddi d. Chdn ddi
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Mo dang mach loc: théng thﬁp, thong cao, thong dai, dai triét tuy
thudc vao viéc luya chon nhimg gia tri cia cdc linh kién trong mach ma
ching s& c6 nhitng dac tinh diap (ng khac nhau: Butterworth, Bessel,
Chebyshev.

A

1

— — Hutterwn.orth \‘\\
~——== Bewl \
Chebyshes \*

LY LY f
Hinh 13.14. Pdp img tan sé ciia mach loc théng thap véi ba déc tinh khdc nhau

Vi duy ta s& khao sat mach loc théng thip véi 3 dic tinh cia dap (mg
tan s0 (hinh 13.14):

— Ddc tinh Butterworth: Dic tinh nay cho dap (mg trong ving dai thong
cia mach la bang phing, d§ suy giam cia tin hi¢u ngoai ving dai thong la -
20dB/decade/bac mdt. Tuy nhién, nhwge diem cia dic tinh nay la dé gﬁy vot 16
ngd ra vi thoi gian tri hodn ciia tin hiéu di qua mach loc phi tuyén véi tén sb.

—  Dic tink Chebyshev: Uu diém cta dic tinh nay 13 dé doc 16m - do suy
gidm cua tin hi¢u ngoai ving déi théng 14 16m hon dic tinh Butterworth. Tuy
nhién, nhuge diém ciia né 14 ddp (mg cia tin hiéu trong ving dai théng 1a
nhép nhd hay bi vot 16.

—  Pdc tinh Bessel: Uu diém ciia diic tinh nay 13 dic tmh Pha tuyén tinh,
nghia 12 d6 dich pha gifta tin hidu vao va ra ting theo tdn s6. Nén tin hiéu
ngd ra hiu nhu khéng bi méo dang hay vot 16. Dic tinh Bessel khong phing
nhu Butterworth va d§ dic ciing khong 16n nhu diic tinh Chebyshev.

Tuy timg muc dich khdc nhau ma ta thiet ké mach loc v&i dic tinh
thich hop. Mach lpc Butterworth duge ding dé khu.' aliasin clia tin hidu.
Mach loc Chebyshev ding khi chi quan tim dén phin tin s6 tin hiéu duoc
loc khong quan tam dén d6 loi trong ving dai théng.

> Tém tit

Nhur d khéo sat & chuong dap (g tan sb dé c6 thé v& dap tmg tin sb

cua mach loc ta 1am theo cdc budce sau:

a
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Burérc 1: Tim bidu thite 45 lgi mach: A, = Jox = 270
F}rz ﬂ] +.I'F‘JI

Biéu thirc A, phu thudc vao tan s6 va 1a mot s6 phic.

Budc 2: Tim bién do cla A,, |A,|, va gbc pha cia A, néu cin v& dép
img pha—%.

Burde 3: Tim |A g, Khi tin sb thay ddi |A,| thay ddi theo. Dya vao
d6 ta s& tim |Aylmax.

Bude 4: Tim tin s6 cét fi, fi. Trong ving dai thong mach dat dwgc do
F 1
101 |Aylnax VA thn s6 cit 13 thn s6 tai d6 dap (mg mach giam -3dB (hay E)

so voi dép (mg trong ving dai théng ctia mach nén ta im tan s cit bing
cdch:
A 1

Gidi phrong trinh: |A— = ﬁ dé tim tan s cit.

5

WX

~ Buée 5: Tim d suy hao ngoai ving dai thong (dB/decade). Xét tai
diém tan 86 £ = 0.1f; hodc £ = 10f; (1decade) va tim |A,| tai tin s6 nay tir d6
suy ra dd suy hao.

Trén déy 12 nhitng khai niém vé ban vé& mach loc. Sau diy, ching ta s&
tim hiéu chi tiét nhitng dang mach loc tich cuc véi qui wde nhimg mach loc
phén nay s& xét véi dic tinh Butterworth.

13.5.2. Mach lgc¢ tich cwe thong thip (Low Pass Filter — LPF)
a.Mach loc théng thap bic 1:

Guin (dB]

Cine pude

P ey i e

- -

[E0] ()

Hinh 13.15. Mach loc théng thap bdc mét diimg mach khuéch dai kchaong dao.
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g R —j/2
Bidu thirc 46 loi Ayt Br g =T (13.13a)
D6 loi 16m nhat cia mach (d6 loi trong ving dai théng ciia mach —néu
xem nhu mach 14 1y tudng):

R
A, =—+1
R, (13.13b)

1

2TRC
D6 suy hao cua mach ngoai ving dai thong 1a -20dB/decade (mach loc

bac mdt). Luu ¥ tat ca cac dic diém cﬁ:} mach lpc thong thip bac mot da
trinh bay & trén, déu cé thé im duge bang cich ding cdc bude da huéng
dén. Phan niy da chimg minh ¢ phin dép émg tan s6 cla mach khuéch dai
nén khéng nhac lai.

Véitinsocattrén ld:  f.=f, =

(13.14)

» Nhan xét: Do ding phéan tir op-amp nén tin hiéu sau khi di qua mach
loc khong nhitng duge chon loc tin s6 ma con duge khuéch dai 1én (tinh tich
cue cua mach).

Hodc thay d6i ciu tric mach modt chit ta s& duoc mach cod AVF = 1,
mach tr& thanh mach loc dém:

AN
Ry
=N
%
S
H] ..-'-. !
O—AAN > 4 Viud
}I b
W —

AT
¥ .

Hinh 13.16. Mach loc thong Ihriir} co Ay = 1.

Tuong tir ta ¢o mach loc théng thﬁp béc mdt ding mach khuéch dai dao
nhur hinh sau:
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Hinh 13.17. Mach loc thong Ihf:{p bac mat dung mach khuéch dai dao.

b. Mach loc théng thip bic cao:

Mach loc bic cao duge thiét’ké bang cach mic nbi tigp nj:liéu mach loc
béc thap hon. Yéu cau cia thict ke ndy 1a céc mach loc bic thap ndy phai c6
cling thn s6 cét va sir dung it op-amp. M&i op-amp chi ¢6 thé tao dwgc mach
loc bic hai 1a ti da. Do d6 mach loc bic ba duoc tao thanh bang cach péi
tiép mach loc bac mét va bic hai, mach loc bic bén dugce tao thinh biing
cach no1 tiép hai mach loc bac hai, mach loc bac nim duge tao thanh bang
céch néi tiép mach loc bac mot va hai mach loc béc hai. ..

# Mach lgc béc hai

Mach loc bac hai co ba cach thiét ké:

— Diing hai mach loc théng thip bic mdt ciing tin s6 cit. Cach nay d&
thiét ké, tinh toan don gidn nhung ding hai op-amp.
— Dung mét op-amp mic theo cau hinh Sallen - Key.

— Ding mot op-amp méc theo cdu hinh da hdi tiép (Multiple Feedback

Topology).

Mach loc bac hai duge trinh bay dudi ddy 1a mach loc tich cuc dua
trén ciu tric hinh hoc topology Sallen - Key va ¢6 d6 loi bang 1. Pay 1a mdt
cau tric dugce sir dung rong rii cho mach loc tich cyre théng thap, théng cao,
thong dai bic hai vi sy don gian ciia nd. Ngodi ra, cdu tric niy c6 vu diém
1a sy doc 1ap khi thiét ké do 1oi va hé s6 khuéch dai. Tuy nhién, cdc mach
loc ditng cau triic Sallen - Key thuwong duoc thiét ké véi do loi bang 1 vi
sw rang budc phike tap khi thiét ké dp lpi doi véi nhitng mach loc bic cao
¢ dp lpi khdc 1. Néu cin khuéeh dai tin hiéu thi ta c6 thé gin mach khuéch
dai tin hiéu ngd ra mach loc.
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-
o gut

Hinh 13.18. Mach loc théng thap bdc hai ¢6 d¢ loi bang 1
Ap dung dic tinh ctia op-amp 1§ tuéng cho mach loc théng thap trén:
Ve= V.= Yom
Vi i,=1=0
Ta dugce ham truyén d6 loi ctia mach
1
RR,C\C,

1 1

1 1
s—(—+—)+
C, R, R, RR/CC,

V
Ay (5) =2 =

. 2!
o 51

2
W, 1

s? +28w,s +w,0 T?s* +2&Ts+1

(13.15)

Ham truyén dd g1 cua mach loc théng thﬁp béc hai tn:—‘:n ¢O dang 14 mot
khéu dao dong béc hai (cdc ban o thé tham khio chi tiét hon trong gido
trinh diéu khién tu déng) véi:

Bién: s=jm (13.16)

Tén sb dao ddéng tu nhién

1

fo= 13-17
" 22 JRR,CC, o

Va tin s6 goc dao dong tu nhién tuong (mg
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1
@, = (13.18)
JERCC
Va dit: T= Uy (13.19)
: JRR,C.C
Hé s6 phim chdt Q: Q=Y—12"12 13.20
Rk Hud CZ(RJ+R2) ( :
H& s tit (damping ratio):
I l LY RIRZC'ICZ 1 1 ;
25 =—= —+— (13.21)
Q C'I R'I RZ
Bién do: AY], =—201gy/ (1~ T?w? | +4£°T%

Sau d6 tién hanh v& gin ding dép (mg tAn sé ciia mach loc ndy ta dugce

Néu m< 1/T thi IAvigg= -Zﬂlg‘\/rl = 0. Hay noi cach khdc la khi tin
50 goc @ nhé hon tin sé goc dao dpng tw nhién wy (1/T) thi dé loi mach
khong doi bang 1 (0dB).

Néu @> 1/T thi |Avig= -201g+/ (—0’T?)* = -40.IgwT. Khi tin s6 goc
® 16n hon tin s6 goe dao dong ty nhién @ [1:!']“), dd logn mach suy gi.ﬁm_ -
40.1gwT. Do suy giam nay twong duong tin sé (hodc tAn sb goc) thay ddi
10ldn (1 decade) thi bién dd tin hidu giam -40dB (100l4n) twong duong dap
tmg ctia mach c6 do déc 13 -40dB/decade.

Hinh 17.19 s& trinh bay d4p (g tin s6 thuc té ctia mach. Gi4 tri hé s6
Q (nghich ddo ctia hé s6 tit &) s& quyét dinh d6 rong va cao ciia dinh ddp
{mg tan s6. Hé s6 Q cing 16n, dinh cong hudng cing cao. Pé mach lpe ¢é
dwoc dic tinh Butterworth, ddp trng phang trong ving ddi thong thi khi
thiét ké ta phdi chon linh kign sao cho O = % . Théng thudmg, gia tri dién
trér ¢6 pham vi diéu chinh rong hon tu dién nén khi thiét ké ta ¢6 thé chon
ga tri ty Cy, Cs trude 1oi sau d6 chon ti 18 Ry, R» thich hop hodc dimg bién tro.

R0 rang theo dép (mg tan s6 ctia mach, tin s6 cét ciia mach 1a

1

: — = — 13.22
Ju=Je=Jo 27./RR,C.C, { !
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50 | T Trrern I T 1T rrTn

Gain =10
(dB)

=M ¥

=30

__'ﬂ] -

_Sn 1 | [l i T |
10! 1n° (T

Hinh 13.19. Pap img tan so thue té ciia mach loc théng thap béc hai véi dp

loi bang 1
Vidu:
Yéu ciu: Thiét ké mach loc théng thép bac hai ¢6 tin s6 cit 12 fii= fo= SkHz.
Gidi:
Pé mach loc ¢6 dugc dap (mg bing phang cla dic tinh Butterworth
thi phai chon:
R R,C.C 1
g=Yroie 13.19
C(R+R,) 2 el
Vi tan sd cét
1
= =5KHz (13.22)
27 RR,C,C,

Tir hai phurong trinh trén gidi ra ta chon dugc:
C1=2C2=2C VEIR] =R2=R

Sau d6 ta s& chon gid tri R, C. Luu ¥ d& viéc thiét ké kha thi, thi cdn
phai biét mét sé gid tri dién tré va tu dién thye té. Con thém mét luu ¥ nita
1a néu chon tu ma tré khang tu (X.) qua nho thi dong qua tu 16n, op-amp sé
khong d dong dé cung cap cho nhénh héi tiép.

Vi bai nay ¢6 thé chon nhur sau:
C) =2C, = 2C= 0.01F
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Khi d6 tr¢ khéng tu tai tin s6 5KHz:
1 1

®,C B 10* z(10* ) I

Va gid tr1 dién tro:
1

JEJ&J,,C

Ngoai viéc ding céu tric Sallen — Key ta ¢6 thé thiét ké mach loc béac
hai bing cach ding cAu hinh da hdi tiép (Multiple Feedback Topology) nhu
hinh sau. Céu hinh da hdi tiép nhuge diém 14 khéng tich roi phin thiét ké do
loi va tin s6 cit. Tuy nhién, vu diém cta n6 1a c6 thé thiét ké do 1oi cao hon
ding céu hinh Sallen — Key.

R= = 22500

/

Cg = R,

Rz

Hinh 13.20. Mach loc thong rfui‘p bdc hat co do loi

Vin AYAYAY, I *+—N\AN—n v
c, L ouT

Hinh 13.21. Mach loc thong thdp bdc hai diing cdu triic da héi tiép.

038



GIAO TRINH BIEN TIF CO’ BAN CHUONG 13

» Mach loc thong thip béc ba, biic bon:

Mach loc théng thip bic ba duge tao thinh bing cich mic néi tiép
mach loc théng thap bac hai theo céu tric Sallen — Key va mach loc thong
thdp bic mét. Con mach loc thong thap bac bon duge tao thanh bing cach
mic ndi tiép hai mach loc thong thip bic hai theo céu tric Sallen — Key. Yéu
ciu chung cho cach thiét ké nay 13 cde mach lpc riéng Ié phdi cé cing ciing
tiin s6 cit, d6 ciing chinh 1 tin sb cdt chung ciia mach va mach loc thong
thdp bic hai theo cdu triic hinh hoc folopogy Sallen - Key phdi thod

0=

5l

R-l'li R.H‘[
i AR Fya
——=Cm e My
e —
. =
2 poles | pole

(a) Third-order configuration

W\«I r{>—»—n
4 .

1 podes 2 poles

(b)) Fourth-order eonfiguration

Hinh 13.22. Mach loc thong r}:citp bdc 3 va bac 4.
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Vi du: Thiét ké mach loc thong thip béc ba bing cdch méc ndi tiép
mach loc bac hai va bac mot ¢6 = 2860Hz.

Dé mach tré thanh mach loc thong thap bac ba (d6 déc -60dB/decade),
thi ta phai c6 tin s6 ciit ctia mach loc bic hai va bic mot phai bang nhau:

( 1
fH o
3= EHJRMRE}CMCBI
_JRuRwCuiCor _ 1
CBE(RAI+RBI) '»E

1
Vi ey = ———— = f., = 2680Hz
foJ 1 lﬂﬂﬂﬂ fH'

= f, =2680H7

A,

L

Gidi cac phuong trinh trén va chon dién tro, tu dién tuong (g, ta s&
thiét ké dugc mach.
13.5.3. Mach lgc thing cao (High Pass Filter — HPF)

a. Mach loc thong cao bic mot

Do vi tri dién trd & mach loc thong thz’ip bic mdt ta s€ duoc mach loc
théng cao bac mdt

Gain (dB)
E

\

!
B s s

() (b

Hinh 13.23. Mach loc théng cao bdc 1ding mach khuéch dai khong ddo.

; R 1
Biéu thitc d6 loi Av =(1+—")——
R, 1—j/2aRC
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P§ loi 16n nhat cia mach (do g1 trong ving dai thong cta mach — néu
xem nhu mach 14 1y tudng):

& =%+1 13.23)

; . 1
Vi tin s6 cat dudi 1a: =f =——— 13.24
fc fL 2rRC [ )

D¢ suy hao cia mach ngoai ving dai thong 14 -20dB/decade (mach loc
bac mot). Chitng minh tuong tu trong phin khéo sat ddp Gng tin sb cua
mach khuéch dai.

Tuong tu ta ¢d mach loc théng cao ding mach khuéch dai dio.

R;

c A AYAY,
1 R1
Vin —H—'\/\/\/—»:D_‘ V
- Y ourT

Hinh 13.24. Mach loc thong cao bac mot dung mach khuéch dai dao
b.  Mach lgc thing cao béic cao

» Mach lgc théng cao bdic hai

Ciing duge thiét ké dya trén céu triic hinh hoc Sallen —Key, thay ddi vi
tri dién trd mét chit so véi mach loc théng thﬁp bdc hai ta s€ duogce mach loc
théng cao béc hai.

R,

1.:'.lI I CE | :
1""[1'1 > =Umlt

Hinh 13.25. Mach lpc théng cao bdc hai co do lgi bring 1
Ap dung dic tinh ciia op-amp 1y tuéng cho mach loc théng cao trén:

Vo= ¥ = Vom
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Vi  deied
Ta dugc ham truyén d6 loi cia mach

2

Y. s
A (s)= = - = 7 . (13.25)
in 5‘2+2.Ffi.'j‘+(2ﬂf;)
0
Véi tan s6 dao dong tu nhién
1
(13.26)

f =
" 2zJRR,CC,
JRR
1 I i (13.27)

Va —=—=
25 0 R(GH+G)
Tuong ty nhu di khao sit & mach loc théng thip bic hai, dé thiét ké
sao cho mach lpc thong cao ¢é dwge diac tinh Butterworth, ddp vmg phang
trong ving dai thong thi khi thiét ké ta phdi chon linh kién sae cho

R6 rang theo dp (mg tin s6 ctia mach thi tin s6 cét ciia mach 1a:

1
=7

—g::g
—_— =1
- —_— Q=5
it "L RS
ol===a=1
--*-—-n':u_m
== =05
—_—a=01

AMPLITUDE (dB)

0.01 0.1 1 10 100
FREQUENCY (Hz)

Hinh 13.26. Dap wng tan s6 thuc té clia mach loc thong cao bdc hai
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Hinh 13.27.a. Mach loc théng cao bdc hai cé hé sé khuéch dai

Ap dung diic tinh cia op-amp 1y tuéng cho mach loc théng cao trén:
LI R R

Va ihb=1=0

Ta duge ham truyén d6 loi ciia mach

Vout Ks*
Av(§)=——=
Ve s (171 1Y =g i e
5 +5 + + -+
RZ Cl CI RICI RIRZCICI
Pua biéu thirc vé dang chuén:
.5'2
Av(s) = K = (13.30)
2 o P
Y+ 85— 4w,

Trong do:
1 C.4C B |
are R + R
o, = vaQ=| [+ ——2+(1-K) |22 (13.31)
M/R,RZCICE [ Ry JJEC, RC,

RG rang ta thdy hé sé Q phu thude vao K. Péi véi mach lpc nay hé so
K phdi thod 1<K <3. Néu khong mach sé phdt sinh dao déng. Piéu nay
cé nghia la & 1¢ dién tré quyét dinh hé so khuéch dai K ciia mach phii
dwge chon thich hop, chir khong phdi lwa chon tuy y. Ngodi ra, giong nhu

243



CHU'ONG 13 GIAO TRINH BIEN TU CO' BAN

céc mach loc theo cu hinh Sallen — Key hé s Q phai bing % mach loc ¢c6

duoce dac tinh Butterworth.

kL] ™ T T TTTTT ™ T T TT 11T

Q=10

20 1

Gain -10
idB)
=20
=30
—) i
e L L i L il i L it il
1! 1o? 10!
Frequency {ak)

Hinh 13.27.b. Mach loc thong cao bdc hai co do lpi
¢. Mach loc théng cao béic hai diing cAu hinh da hoi tiép - MFB

s
|
|
c,=C Cy=C vay—t
Vl:‘\i II d . v,
{E- . T
<R

Hinh 13.28. Mach loc théng cao bdc hai ding cdu hinh da héi tiép MFB
#» Mach lgc thiong cao béc sidu

al
-

El =H

:=|:|
o Py

Hinh 13.29. Mach lpc théng cao bdc sau bang cdch ghép noi tiép ba mach
loc thong cao bdc hai.
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Twong tu nhu phén thiét ké cho mach loc théng thip bic ba hay bén.
Poi véi mach loc théng cao béc sau nay doi hoi cdc mach loc théng cao béc

; ; 1
hai phéi clng tin s6 ciit va c6 hé sb Q=ﬁ.

13.5.4. Mach lgc thong déii (Band-pass filter - BPF)

C6 nhidu cach dé xdy dung mach loc thong dai: két hop gitta mach loc
thong cao va thong thdp, diing cau hinh Sallen — Key, hodc ding ciu hinh da
hdi tiép MFB.

a. BPF bing cdch két hop HPF va LPF

Cach don gian nhat dé tao thanh mach loc thong dai 13 két he

mot mach loc thong cao va mdt mach loc thong thﬁp v&1 nhau nhu so do
khéi sau

ra

dBp dB

& A A

£, f fi f fi £ f

dBt

Vi —— |1pr| — |mpp| — Y

Hinh 13.30. So do khoi BPF bang cdch noi HPF va LPF
Yéu ciu thiét ké la:

fC{LFF] > fc(HPF}
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Lo -pass response

P E—j——

an

fe2
()
Hinh 13.31. a. Mach loc théng dai bic hai dwoc thiét ké bang cdch mdce noi
tiép mach loc théng thap va théng cao. b. Ddp timg tin sé thuec té ciia mach
loc nay

RO rang dé thidt ké dugc mach loc ny, tan s6 cit ciia mach loc thong
cao phai nho hon tén s6 cdt ciia mach loc thong thip. Cu thé 1a:

1
fL(HPF} = f;.-l = (13.32)
ZE‘JRAIREICA]CBI
1
fL(IPF} L (13.33)

ZEJRMRBICA E.C.BZ

Tén sb cdng hudng cia mach: fg =4/ fd fr_-g (13.34)

b. Mach lgc théng dii BPF (Band Pass Filter) diing ciu tric da
hdi tiép
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Mach loc trén thi d& phéan tich nhung khuyét diém cua n6 12 ding hai
op-amp, c6 thé ding mach da hoi tiep MFB (Muti - Feedback) thi céu tric
mach tr¢ nén don gian hon trong hinh 13,32,

1L
LAY

W
H1 G‘I %
O A 13
Vout
I g [Fe= ]

Hinh 13.32. Mach loc théng dai dimg da hoi tiép.
Ta thiy ty C, thi méc nbi tié]; v(i ngd vao, con C; thi mic song song.
Vay C; s€ tham gia vao gid han tin 80 cat dudi ciia mach trong khi C; thi
gi¢i han tan s6 cét trén. Gid sir C, <<C,, vy tai ving tin s6 hoat d6ng cia

mach thi tu C, xem nhu ng‘fm mach ;.r:i Cs xem nhu hé mach, hinh 13.33b tin
higu dugce khuech dai tai ving tin s6 hoat dong.

—0

+V

Wim

Lo
Vout
j 2R: gy I ji 2Rs

(b

Fy
WA

Win

-
I"«l’uut

Hinh 13.33. Hoat dong cua mach loc tich cuc thong dai.

i)
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Khi tin sb vao thap, C, va C; ho mach nhu hinh 13.33a khi do tin hiéu
ngd vao cua op-Amp hoan toan bi cach ly, mach khéng c¢6 tin higu vio nén
tin hiéu ra bang khong,

Tuong tu nhu vy, khi tan s6 ngd vao ting 1én lam ca hai tu C, va C,
ngéin mach thi R; = 0 do vy hé s6 khuéch dai cia mach bing 0, tin hiéu ra
cling bang 0 (hinh 13.33c¢).

Vay mm,k qu: cho nk:mg tin h:eu ﬂam trong ddi tin sb tir fi dén f;
qua chinh ld tin s6 cit thip (f;) va tén sé ciit cao fy cia mach.

» Phén tich tin so:
Ta da biét tin s6 cét ciia mach loc thong thap va théng cao:

1
Jo= 13.35
2,:'1'4.(‘53' RO, ¢ )

Cong thirc ndy duge ding dé tinh tan s trung tAm cuia mach loc théng
1

dai da hdi tiép nhu sau:  f, = (13.36)
ke * 27C /(R I R,)R,
Suy ra hé s6 pham chit Q: Q=nR,C (13.37)
Va d6 rong bang tdn cia mach:  BW =% (13.38)
Tir cAc gia tr1 trén ta suy ra duge cac gia tn £ vafz.
Trudmg hop Q< 2
w2
1 BW _
il A 1+(2QJ 5 (13.39)
1Y BW
f2=to 1+[2QJ + > (13.40)
Trudong hgp Q=2
BW
fi =k ~ (13.41)
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BW
=1 +—2 (13.42)
R,
Va 46 1gi ciia mach 1a: A = 2R (13.43)

Trong d6 R; bing dién tré ngd vao ndi tiép ctia mach.
¢. Mach lgc théng dii (BPF - Band Pass Filter) diing ciu hinh

Sallen - Key
Ry
Yin —/M\A
Cy

Hinh 13.34. Mach loc théng ddi ding cau hinh Sallen - Key

Ham truyén do loi:
i
A(5)= b (13.44)
5 1 1 1 R, R, + R,
55+ 4+ + - ¥ —
RC, RC, RC, RR.C C,C,RR,R,
Tén $6 trung tim
1 | R +R
Jo (13.45)

27\ C,C,RR,R,

Hé s0 pham chat Q

249



CHU'ONG 13 GIAO TRINH BIEN TU CO' BAN

\/ R, + R,
Q_ i, o wy R]R_.I'RZQCZ :
2w, @ 1 1 1 R, (13.46)

- ~ -
@ RC RCG RC RRC

JR +R)RR,R,CC,

R
RR,(C +C)+R,C (R, _EbRJ

il

D6 lgi “inner gain® G do mach khuéch dai khéng ddo Opamp

R
G=l4+—2
R, (13.47)
Do loi tai tan s6 trung tam fy:
G
A
3G (13.48)

Tir bidu thirc trén ta thiy phai chon G < 3, néu khéng mach sé bi
dao dpng. Diéu nay cé nghia la Ry< R,, va mach loc cho dp lgi thap. Day
ciing chinh la nhwpc diém ciia mach lpc Sallen — Key, dé loi thip.

13.5.5. Mach loc dai triét (notch filter hay BSF: Band-stop filter)
So d6 khoi ciia mach nhu hinh 13.35,

;Iz

Low—-pess filter

3 Wy
n

Summing amplifier | |
. I I High-pass
Vin fz = T |—0 filter : I filtar
j)_ High-pass filter 1 vg = vy + va raapran | I FESOONSE
= i L

f b
z v L

la)

= (. S—1
ty

=i
L)

el

Hinh 13.35. So do khoi ciia mach loc ddi triét
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Gom mdt mach loc thong thﬁp vda mdt mach loc thdong cao va mot
mach khuéch dai cong. Mach khuéch dai cOng s& tao ngd ra twong duong
tong ctia hai mach loc. Mach loc nay dugc thiét ké sao cho f, thép hon f,.
D6 réng bang tin chinh 13 khoang cach giira f va f,.

CIL

J L
A%

Hinh 13.36. Mach loc dai triét

Khi tin s6 ngd vao thap hon f,, tin hiéu s& di qua mach loc théng thép
dén mach khuéch dai tng va do tin s6 ngd vao thép hon tin s cit clia
mach loc théng cao nén v, s& bing 0. Nhur vy ngd ra ciia mach khuéch dai
tong s& twong duong ngd ra ciia mach loc théng thip.

Nguoc lai khi tin s6 ngd vao cua mach cao hon f, tin hiéu ngd vao sé
qua mach loc théng cao dén mach khuéch dai tong va do tdn sé ngd vao cao
hon tin s cdt ciia mach loc thong thip nén v, s& bing 0. Nhu viy ngd ra
clia mach khuéch dai tng s& twong duwong ngd ra cia mach loc théng cao.

Khi tin s6 ngd vao nim trong khoang tir f; va f, ngd ra v, va v, déu
b.‘in!:, 0 (xét trudmg hop 1y tmmg) do d6 dién 4p ngd ra ctia mach khuéch dai
tong bang 0. Tmng thue &, dién 4p ngd ra cua mach loc ndy s& phy thuje

tin s6 ngd vao gin f, hay f,. So dd mach nhu hinh 13.36.
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» Mach da hbi tiép
Mach loc dai triét dimg két hop mach loc thong thip vi thong cao dé
phin tich nhung nhugc diém 14 diing nhi¢u op-amp ta c6 thé dimg mach lgc
da hdi tiép dé 1am giam bét s6 op-amp nhu hinh 13.37.

Cs
I
| &Y

H-| G1
A 18

D—
Vi

Hinh 13.37. Mach loc ddi triét diing cau hinh da héi n'é‘p.

BAI TAP
13.6.1. Cho mach loc théng théng thép nhu hinhvéi R= 10kQ, C= InF.
a. Tinh tin s6 cit cta mach.
b.Chon R, R, dé d6 loi mach 1a 10dB.
c. V& dép (mg tan s6 ctia mach.
R

Vo —My—p—7

— g Vout

R:
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13.6.2. Thiét ké va v& ddp (mg tin sd cia mach loc théng thip bic mét
c6 tin s6 cit f= 15kHz va d6 loi viing dai thong 14 25dB.

13.6.3. Thiét ké va ddp (mg tin s6 mach loc théng cao bac mét ¢6 tan s6
cit f= SkHz va d6 loi viing dai thong 12 5 lan.

13.6.4. Thiét ké mach loc théng dii bac mét bing cich ghép nbi tiép
LPF va HPF. Tén s cit cia HPF 1a 10kHz va 70kHz. D lgi cing dai
théng 1a OdB.

13.6.5. Thiét ké mach loc théng cao bic hai ding chu hinh Sallen — Key
¢6 thn s cit bang 15kHz. Do lgi ving dai théng 14 1.5 1an. V& gin ding dap
{mg tin s cua mach.

13.6.6. Thiét ké mach loc chin dai bic 1 c6 tin sb cat 1a 25kHz va
100kHz. D6 loi viing tan s6 thdp 13 15dB, d6 lgi ving tan sé cao 13 30dB.
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Chwong 14 ]
THYRISTOR VA LINH KIEN QUANG DIEN TU

14.1. HQ THYRISTOR
14.1.1. Diode 4 16p (Diode Shockley)

Diode ¢6 ciu tric 4 16p 13 mdt linh kién don gidn nhit cia ho
Thyristor, linh kign ndy gom c6 hai di¢n cuc, bon 16p ban dan va cé thé
duoc kich dan bang cach dat mdt dién ap phan cuc thudn 18n hai cuce clia no.

» Ciu tao ciia diode 4 lop:
Cau tric diode 4 1ép pnpn va ki hiéu dugc cho nhu hinh 14.1.

Céu triic Ki hiéu

Anode (A)

P (A)

n

. :

n

(K)

Cathode (K)

Hinh 14.1. Cau tric va ki hiéu cua diode 4 lop.
< Hoat dong cua diode 4 lop:
» Khi phin cuc thuin

Tir ciu triic bén trong cia diode 4 16p, ta c6 thé dua vé mach dién
twong dwong gom hai transistor pnp (Q;) va npn (Q2) nhu hinh 14.2.

8

Cuc phat P
uc p Q
Q Cucnén | 1 = Cure thu

8
Cucthu | p P | Cuc nén Q
- Cue phat |:: @
(o]
K

Hinh 14.2. So dé twong dwong cia diode 4 l6p.
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Diode 4 16p dwoc chu tao bdi 3 chuyén tiép J,, J, va Ia, J5 gén
Cathode. Khi phén cuc thuan cho J; va J; (dat dién tich dwong “+” vao P-
Anot va 4m “-” vao N-cathode) 2 chuyén tiép J;, J; phin cuc thudn va J
phéan cue nghich, dong ting tir doan OP (di¢n ap Vgrg).

Hinh 14.3a m6 ta trang thai khong din (off) cia diode 4 16p khi dién
4p ngudbn cd gid tri nho hon dién &p phén cuc thufin Vgpe. Ta xét 2
transistor & trang thai off, tong dong dién chay qua linh kién Ir gin nhu
bing khong. Do d6 dién 4p dit trén R bing OV va dién dp
Vak = Vs TEl'j dléﬂl VER{FJ 1> bl danh thu:ng tao v Sél hi;'lt {ﬁﬂ bl hit theo 2
cure tao sut p ddt ngdt (do ¢6 nhiéu hat din ctia J, hinh thanh). Poan sut ép
PV trén dic tuyén V-A hinh 14.3b. Dong mach ngoai ciia transistor Q; va
Q- tang nhanh, diode 4 lap dan dién doan VR trén dic tuyén.

Dong cia diode Ir = Igq,; Icq, ting 1én lam cho Igq, ting kich cho
BJT Q, din manh. Theo hinh 14.3b ta c6 Vak 12 dién 4p phin cuc thuin cia
diode trén cuc Anot va Cathode Vax = Ve

¥
Ry

V. dién 4p thuin; Iy dong thugn

Ta co ¥ (14.1)

A J

.nf“

- = 2 P
Varm Vo =
a)
“[F |
H | 0
I
¥ I
e 'P
I .
Ve Varm Wk -

(b}

Hinh 14.3. Mach twong dwong ciia SCR.
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» Khi phin cwc nghich

Khi dat dién ap dm **-” vao Anode va dién ap duong “+” vao Cathode
J1, J3 phin cyc nghich J; phan cyuc thudn, dong trong diode 4 16p nhd, doan
OB trén hinh 14.4a, Is dong nguoc rat nho, tai B 1;, J> bi d4nh thing.

.
Ying
khda
ngwge
Vi \ Iy A 1..;_ . P
Wi =y
[ D vﬂiu:l—q F
B
Yiing
khia
thudin
L J

I

Hinh 14.4. Pdc tuyén V-A cia diode 4 l6p
% Cdc phwong phdp tat diode 4 lp:

Khi diode 4 16p & trang thai din, n6 sé tiép tuc din khi ma dong qua
n6 Ir 16n hon dong gitt I;;. Trong d6, I; 12 1a dong phén cuc thuin toi thiéu
d& duy td diode 4 16p & trang théi din. Khi I nhé hon L, diode 4 16p s 1oi
vao trang thi tit va n6 s& duy tri diode 4 16p & trang théi tit dén khi Vax dat
dén gia tr1 Vg tro lai.

Mot vai phuong phap dé lam gidam dong Iz nho hon Ly
~ Ngét dong anode (hinh 14.5a va 14.5b)

+% q +¥ q +Vg +% q

fy Ry

B
Ip= 0

Ngdt néi tiép Ngit song song
{a) (b}

Hinh 14.5. Cdch tat diode 4 I6p bang phwong phdp ngdt dong anode.
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—  Gidm dong Ir. (hinh 14.6)

"\I_-".f

OV

+1'F5;
VFK = vq [«?

Hinh 14.6. Cdch tdt diode 4 I6p bang phuong phdp giam dong Ir.
Céc thong sb ciia diode 4 lop

Vire: dién dp danh thing thun

Ir: dong dién danh thang thuan

Iy: dong dién trung binh cyc dai cia diode 4 16p nd phuy thude vio
dién ap Vy

Iu: dong mé bat dau trang thai dn cta diode 4 16p
Virae: dién 4p danh thing ngugc
Is: dong dién nguge
IFmax: dong dién thudn cuc dai
Pp: cong suit tidu tan trén diode
Tom tit:
Diode 4 16p 1a mét linh kién thudc ho Thyristor, dan dién khi dién dp
phan cuye thuin dit 1én né dat dén gid tri Vg Khi din thi dién tro
ctia diode 4 16p ¢6 gia tri rat thip.
Khi d3 & trang thai din, dé tit diode 4 16p phai cho dong Ir nhé hon
Iy hodc phén cuc nguoc cho diode.

14.1.2. SCR (Silicon-Controlled Rectifier)

2
a. Cau tao:

SCR 132 mét linh kién ban din c6 3 cuc Anode, Cathode va Gate, cé

cau tric twong tu diode 4 16p xem hinh 14.7
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TAnnde (A) Asiads
o
P
i |
Gate (G)Yo—— P Gamo—’!
il |
Qo
Cathode
l Cathode (K)
Céu triic Ki hiéu
(a) (b)

Hinh 14.7. Cdu triic va K hiéu ciia SCR

Do cau tric tuong ty diode 4 16p nén SCR c6 hoat déng ciing
twong tr diode 4 16p, SCR cé thém cue cong (gate), ta c¢o thé dieu khien
SCR tir cuc cong.

Khi phén cyc thuan cho SCR, ta c6 Q, din dién, Vg = 0 kéo theo Q,
din dién ta ¢6 dong I=Igq_, SCR din dién doan VR. Doan PV trén dic
tuyen hinh 14.9b 1a ving c6 dién trér 4m.

av _V,-V,
& L=

<)

o F+— =

f T, Tl—i— ‘vlﬂi

() (b
Hinh 14.8.
Khi Vg # 0 kich dong cho Q: dan kéo theo I =1, tang lam cho Q,
dan do d6 ta ¢6 Ir ting SCR sé& din dién.
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b. Cdc phuwong phdp mé SCR tir trang thdi tit sang trang thdi dan:
C6 2 cach mé SCR:

— Ting dién 4p VAK dat dén gid tri VBR(F). Phén cuc thuin VAK va
kich mot xung dwong vao cuc cdng G hinh 14.2b. Tai thoi diém T1, khi ¢6
mdt xung dwong kich tai G, Q2 & trang thai din 1dm Q1 din theo do d6 SCR
dan (giong nhu diode 4 16p). Tai thoi diém T2, khi xung cdng bing 0V,
SCR van tiép tuc dan.

— Tang dong IF> IH ta ¢6 ving din cia SCR 14 doan VR trén dic tuyén.
¢. Phuwong phdp tit SCR: twong tw diode 4 lép:

Gidm dong anode (I< Iyy).

Ngit dong anode (I = 0).

Phin cue nguge SCR (Vax< 0).

d. Pdc tuyén Volt - Ampe ciia SCR:

g
£4
‘I
&
Wing din
SIS thuin
Wi
|;' Ve )
Vimg
khida I
i.hl.l#‘.ll [T S e—— v P:
Py
PP S . ., - SR — F
Ie I f | viing
@ i | Ehda
i .
Ta=( s
| z
b= Loz = I Yo Ve rwl.'n

ih)

Hinh 14.9. Puong dic tuyén Vén -Ampe ciia SCR.

Hinh 14.9 mé ta dic tuyén V-A ctia SCR. Twong tu nhu diode 4 16p
nhung ¢6 thém cic dudng dic tuyén & phan phén cuc thuan do dnh hudng
ctia dong cuc cong Ig. Vg ting thi dién d4p mé ciia SCR giam, kha ning md
SCR nhanh chéng. Khi gid tri dong I gia ting, SCR ¢6 kha ning din nhanh
hon do d6 gid tri Vax yéu céu thip hon. Vi du: Gia sir dién dp Vak dit trén
hai ddu ctia SCR ¢6 gid tri bing V trén hinh thi khi cho Ig = Ig; SCR vén &
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trang thai t}gﬁt, nhung néu ting I = I, > I, thi dién 4p Vg = V di 16n &é
SCR chuyén vio trang thai din.

» Cic thong so cita SCR:
e Dién ap danh thing phéan cuc thudn va nghich cyc dai.
e Dong dién thudn cuc dai.
e Dién 4p va dong dién cong.
e Dong giir (1y).
e (ong sudt tiéu tan,
e Tbdc dd tang dién ap t6i han cua SCR (det) Day 1a mdt tmng

nhimg gidi han cia SCR, vi mot su tha}f d6i 1ém cia dién p co thé
kich khéi SCR vao trong trang thai din,

Vi du: SCR 2N682 duge sit dung trong mot mach dign co tin higu
nhiéu xdy ra ngau nhién 2ns. Tim bién d6 nhiu c6 thé giy ra kich khéi
sai SCR.

Gidi:
SCR 2N682 ¢6 dV/dt = 30V/us, bién d6 nhiéu t&i han gy ra 16i:

AV = "fi_var = (30V / 15)2(ns)

= 60mV
Nhur vy néu Vi ting 16m hon 60mV trong chu ky 2ns cua tin higu
nhiéu thi 181 kich khéi sai ¢6 thé xay ra.
e. Cdc ving dung cia SCR:

SCR thurcmg dugce img dung trong chuyén mach -.':ung sudt, diéu khién
pha, mach chuyén déi dién 4p (mach chinh lru ¢6 didu khién...).

— Ung dyng ctia SCR trong mach bio vé qua dp (Crowbar), xem hinh 14.10:

Nguyén tic hoat dong: trong mach, khi dién 4p nguén cung cép khong
vurot qua gia tri cho phép, Diode Zener ¢ trang thail ngit, do Diode Zener cé
dién ap Vz 16m hon dién ap gidi han vi vay dién ap trén dién tré Ry bﬁng
OV va dién 4p tai cuc cong cia SCR ciing bang 0V gilr SCR ¢ trang thai
ngat.
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Ngudn DC

& Vz Y SCR1

Tai nhay dién ap
2 R ~Cs
S g
- » -
Mach bao vé Triét gon
qué dp song

Hinh 14.10. Ung dung SCR dé bdo vé qud dp.

Néu dién ép ra tir ngudn cung cip gia ting ddt ngdt vuot qua gia tri
cho phép thi Zener din, dong dién qua Zener lam dién 4p trén R ting lén.
Nhu vay s& c6 dong kich cho SCR 1am cho né dan di¢n. Khi SCR dan thi
dién ap tir ngudn DC bi ngin mach va tai dugc bao vé.

— Ung dung ciia SCR trong didu khién pha, xem hinh 14.11a.

i g s
] o B 5

|
Vi - — i R, 1 - —
i ‘-" kY _-" 5 ,-"
L. L LI,

R
o= 180" 18H0™ & = 90" &= m”

1

i

il (b)
(a)

Hinh 14.11. Ung dung ciia SCR trong diéu khién géc pha.

Mach diu khién pha duge ding dé diéu khién goc din 1am dién 4p
trung binh trén tai thay doi. Bing cach thay d6i vi trf bién trd trén R chiing
ta s& thay d6i goc dan.

Giai thich: Khi dién d4p Vi, qua cdu phan 4p lam dién 4p tai A ting
dén giad tri dién 4p kich khai SCR (Vrp), 1am cho SCR din gin nhu
trong suot ban ky duong. Lic nay dién ap trén tii V= Vi, — Vp. Bén ki
am cla Vie SCR tit do bi phan cyuc nguge, va digén ap trén tai
V.= 0V. Vi khi V;, giam vé& 0 thi dong qua SCR ciing giam theo, dén
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khi dong qua SCR gidm nho hon gi4 tri I;; thi SCR tit. Khi V,, ting trd
lai dat dén gid tri dién ap kich kh&i & ban ki dwong ké tiép thi SCR dén
trdr lai.

Moi lién quan gifta dién 4p tai A (phu thude vao Vi), gid tri dién 4p
Ve va dién ap trén tai duoc trinh bay trong hinh 14.11b.

Bing 14.1: Théng so0 va hinh dang ciia mét vai SCR cia hing
Motorola.

0.0 APg 12 AMPE 12.9 AMPS 15 AMPS
To= BT Tg = WG Te = B5'C Tg = 80°C Tg = 80°C
j ..I":?I j n

Cans BT CmiLay | THREAE | L Cans W21 Caes 5408 Cate ZZIA42 o
ople | Syl 1 Tm' Py | e e 1 '“""""ml | =]
HET LR MCRET-1 MCA568-1 uy
a3l ] hd1he 2WE384 MCRET-2 MCASER-2 v
24 1E3 4185 2NE305 MCRET-3 WCASGE-3 INIGEE wy
HITD 4188 gk ENIEES MCH2150-4 44 w00y
AT 24167 WCRZIn-, MCRZISISAS | Vs M0 ¥
ZNATZ 2hid 188 EN.ﬁH? MCRGT-E MCREE-8 MCRS6A# 2N3ETE MCHZ1506, AB L)
41T e | MCR2T M1 MCR2IS0TAT | Vigw oY
T 2N50 N3N MCAZ150-8,58 "oy
MCRZ20-S e MCAZ150-0,88 ooy

L | MCRZ150-10,410 wov
100 o1l | w0 180 Frigia (Ampa)

| | 8 Hr
L .
» a0 50 gy b}
a E -‘
15 20 25 éi Yariv

-dl & o -al o -4 In E T Opensting

+100 w124 +10d +125 Fanga [C)

14.1.3. Diac va Triac
Diac va Triac 14 inh kién hg Thyristor cho phép din dién theo hai chidu,
a. Diac

Diac 12 linh kién hai cuc, gdm hai diode 4 16p mic nguoc chidu nhau,
c6 cAu tric va ki hidu nhu hinh 14.12. Do céu tric ciia diac twong dwong hai
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con diode 4 1&p, nén hoat ddng ctia né cling trong tr diode 4 16p va dan dién
theo hai chiéu.

(anode 1)
Al A|

I

Z

(anode 2) L—‘-z

(a) Céu trac v mach dién tuong duong

+ V_,q,l’
Qs (0] Q Qs
(tat)  (tit)
Q: Qs Qs Qy

=1 =

+ Vaiz
(b) A; duong so wii Ay
%ﬂl I{AI
Ay Ay

(d) Ki hiéu

(c) Ay diromg so vii A4

Hinh 14.12. a. Cdu tric va mach twong duwong cua diac; b, c. Chiéu dan
dién cua diac; d. Ki hiéu cua diac.

* .-{ = -
» Djc tuyén vin — ampe cia diac
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Ving
din
thudn
Yimg
khia
V. VR =t =, mu{nv
E™ Ve
R VR
Vim g/" Tarim)
khia
nigLoe
vdﬁf Vg = 20V dén 40V (thing thuimg)
| = & % X
nguoe 4 gr = SOpA dén 200pA (thong thudng)

Ig

Hinh 14.13. Bic tuyén V-A cia diac
Hiu hét img dung chung cua diac 13 b didu khién cho Triac hoat dong.
b. Triac

Triac 14 linh kién ba cuc do hai SCR mic nguoc chiéu nhau, cdu tric
va ki hiéu nhu hinh 14.14.

; (MT2)
Piu chinh 2 (MT2)
p n
Céong o
p n
Diu chinh 1 (MT1) 5
(a) Ki higu (MT1)
(b} Céu tao

Hinh 14.14. Ki hiéu va céu triic cua Triac.

Hai chin MT;, MT; la hai chén cong sudt, con chin G 1a chén kich khai.

CAu trie Triac duge phan tich nhw hinh 14.15, d& thiy ring céu tric
cua Triac tuvong duwong hai SCR mic dff'-i song v&i nhau, nén hoat dong cha
no cling twong dwong hai con SCR mic song song. Khi dién ap trén chan
MT, duong hon MT, va c6 mot xung duong kich vao G thi SCR bén trai
din va nguoc lai khi dat mot dién ap trén chan MT; thap hon MT,; va kich
mdt xung 4m vio G thi SCR bén phii din.
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(+) MI2Z

I

]31' = * ™ pr:

~1 v |
) (+)
(b)
Hinh 14.15. Cdu triic cdt va dong dién cia Triac.

» Dic tuyén von — ampe ciia Triac

I
A
Huémg ting
/ diin etia 15
an. ,/ IEH'I'
f'[.n = Il."I
L Ig

Vamea) Vameen Vamez)

coof Ten

Hinh 14.16. Pdc tuyén V-A cia Triac

Do cau triic dic biét nén duwdmg dic tuyen cua Triac phirc tap hon nhu
trong hinh 14.16. Trong hinh 14.17, diic tuyén cta Triac dwgc chia lam bbn
goc phan tu, 14n luot duece dinh nhan 14 1, 1L 111 va IV. Mdi gée phan tur co
ki hiéu phan cuc cia MT2 va G, vi du & goc phan tu thi nhét c6 ki hiéu
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phan cuwc cho MT2(+) va G(+) co nghia lﬁ, img vdi dién &p MT2 16n hon
MTI va cd mt xung dm:mg kich vao cuc céng G thi Triac s& din theo chiéu
tir MT2 dén MT1. C6 thé thiy b hon céc cach kich Triac din trong hinh
14.17 va 14.18.

MT2 (+)
'y
MT2 (+), G(-) MT2Z (+). Gi{+)
il |
Ve | ez —
Gi-) 7 (i +)
— — S BRIF)
111 v
MT2 (-), G(-) MT2 (-), G(+)
¥
MT2 (-)
Hinh 14.17.
2 'l-'P! 2
Lﬂ; ) (+)
I Ir
VGT | ‘ 5 oV
(=) Yo o)
]".-'ITl 20V MT1
Kich hoat gt Kich hoat ghc
phin tur thir nhit phiin tu thix hai
(a) (b}
MT2 ’\-1 !'2
%0 )
] In
+2.5V, F
0w Var | ‘
Vir al+) o ol+)
21V MTI 1
Kich hoat goc Kich hoat goc
phéin tu thit ba phén t thit tr
ic) (d}

Hinh 14.18. Cdc phirong phap kich dan Triac.
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» Cic théng sé cin biét ciia Triac
e Dién ap phin cuc thudn va nghich (Verr v Varr))
e Dong dién cuc dai
e Dong giir I
e Ap cong va dong cong kich khai
e Téc dd chuyén mach
e Toc 46 ting dién dp dV/dt
» Ung dung ciia Triac

Mot (mg dung théng dung nhat ctia Triac 1a mach diéu khién géc pha
trong hinh 14.19

& 5 -

C.
D]! AT BT

[\
L

Hinh 14.19. Mach diéu khién géc pha trén tdi ding Triac.

Su khic nhau co ban gilra mach didu khién géc pha ding Triac va
mach diéu khién goe pha dimg SCR 14 Triac dan ca hai chiéu ci & ban ki dwong
va ban ki 4m ctia ngudn xoay chiéu, trong khi SCR chi din theo mét chiéu.

Nguyén 1y hoat d6ng ciia mach: Véi dién 4p xoay chiéu, Dy phin cuc
thuéin va D, bi phén cuc nghich & ban ki duong, do d6 dién 4p tai diém A
duong 1én va khi dién dp vao tang du dé dién ap tai A bing dién ap thuin Vi
clia diac thi diac din, khi dé dién 4p tai cuc céng G cia Triac duong 1én nén
Triac duoc kich khai roi vao trang thai din, cung cap mdt dién 4p duong
trén tiai. Khi dién ap vao dm, Triac ngung dén, déng théi Dy bi phéan cuce
nghich va D, phin cuc thuén, lic ndy dién 4p tai A vin dwong nhung chin
MT; bi dm di, trong tu nhu vay khi Triac duge kich khén dong dién qua tai
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theo chidu nguoc lai, xudt hién dién 4p & ban ki dm trén téi. Luu §: Trong mach
nity, Triac duoc kich khéi & goc phan tu thir I va IV trong dudng dic tuyén.
14.1.4. Nhirng linh kién ho Thyristor khic:
a. GTO (Gate Turn-Off)

GTO tuong tl:l'.I]hU" SCR, nhung diém khac biét cia GTO v6i SCR 12
GTO c6 thé dicu khién tit bang cich dp mot xung dm vio cuc cong G. Mach
trong duong va ki hiéu GTO trong hinh 14.20:

(A
[ O)(+)

Q Q
= G
e - “10

@ &

Hinh 14.20. Ki hiéu va mach tuwong duong cua GTO.

C6 thé thiy GTO c6 mach tuong duong giong SCR, tuy nhién chu triic
bén trong cua cac lop ban dan 1031 n va p thi moéng hon rat nhidu so vm
SCR. Piéu ndy c6 nghia ring mién nén cia hai transistor twong dwong rét
hep gan dat dén cdu triic that cia BJT. Khi d6, GTO gén nhir twong duwong
mach gdm hai transistor, do d6 ¢ thé tit né bing cach cho dong tai cuc B
clia Q, xubng dudi gia tri cén thiét dé transistor bdo hoa.

Ta cé: I,=1.+1,, (14.2)
Ii: dong cuc c.:‘:f-rng; Igz2: dong cwe B cua O
Vay: lazli-T; (14.3)

Nhu vay, néu chiing ta dit mét dién 4p 4m tai cuc cong cia GTO, khi
d6 gid tri cua dong Ig gia ting. Néu Ig du 16n thi dong Is; s8 giam xubng
dudi gia tri yéu cau @ duy tri Q, & trang thai bio hoa, lic d6 GTO roi vio
trang thai ngat.
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Luu ¥: Cfhu tric mién base hep ¢6 miit han ché 13 kha ning chiu duoc
dién ap nguoc bé, do d6 kha ning chiu duge dién dp nguge ciia GTO thudmg
chi vao khoang 15 — 20V. Néu dién &p nguge dit vao hai ddu A va K cua
GTO 1én hon gia tri nay thi phai sir dung thiét bi bio vé& nhu sir dung diode.

» Ung dung ciia GTO

~ Hinh 1421 12 mach diéu khién déng co DC ding hai GTO dé diéu
kien déng co chay va ding.

CS'I
D& ! 101 @ Vi
Phanh Es :
Vi, #® &
E Cey
D: & GTO2 .
Biéu khién Re
. the di
E . 4 i

Hinh 14.21. Mach diéu khién dong co start/stop.

bién ap ngucun cung cép cho mach 1a digén ap mot chiéu thuén tiy hay
dién dp mdt chidu duge chinh lwu tir xoay chidu, gia sir ban diu GTOI va
GTO2 chuira dan vi chua c6 xung kich, dong co chua hﬂ:glt dc_:ung Pé didu
khién ﬁﬁng co Lhay, kich mét xung vao ngd vao didu khién toc do, khi dé
GTO2 dan c6 nguun cung cﬁp cho dong co, déng co chay. Dé - dimg dong co,
kich mnt xung vao ngd vao dimg, khi 46 GTO1 din lam ngin mach nguén
cung cp cho dong co va dimg déng co.

D; va D; ding dé bao v& GTOI va GTO2, vi khi dong co chuyén tir
trang thai chay sang trang thai dimg no s€ tao ra mot suat dién dong nguoce
lai, vi vy Dy va Dy sé din khi c6 dién ap nguoe dat 1én GTO1 va GTOZ.

b. SCS (Silicon Control Switch)

SCS c6 cu tric twong ty nhw SCR nhung ¢6 hai cyc cong va c6 thé
dicu khién SCS dong tit bang hai cuc cong ndy, cau tric, ki hiéu va so do
turong duong cua SCS dugce cho trong hinh 14.22:
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anade
T anicle
P Cuye cing
anode
Cucedng  Cuc ciin
M urmdl: cathi
Cue uﬁmg o— P

cathode eathads

N (b} Ei higu

l e
cathude L — U cong

@ anode
{a) Cliie triie 4 lop
Cue cong
cathonds O i=

cathode
{e) Ser dd mach tuomg duong

Hinh 14.22. SCS a. Cau triic; b. Ki hiéu; c. So do twong dirong.

SCS duoc diéu khién & trang thai din gidng nhu SCR: bing cich phan
cuc thuin AK va kicih mét xung duong tai cuc cong cathode, ngoai ra nd co
thé didu khién din bing céch kich mot xung am tai cuc cong anode.

(a) Cich md mot SCS
(b) Ciach tit mét SCS

Hinh 14.23. a. Phuwong phdp mé SCS;: b. Phurong phdp tdt SCS.
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~ SCS c6 the tat duge bang cach dicu khien dong tai cue cong, cach thir
nhit 1 kich mt xung dm tai cye cong cathode (tit Q,) va céch thix hai la
kich mét xung duong tai cuc cong anode (tat Q).

Uu diém cia SCS 1a chuyén mach nhanh, nhung hoat dong vdi cong
suat va dong nho hon SCR.

¢. SBS ( Silicon Bilateral Switch):

SBS 1a mdt linh kién ho Thyristor dugc thiét ké dé cung cip xung kich
khéi dong cao cho Thyristor cong sudt. Nhimg linh kién ndy c6 thoi gian
chuyén mach rat nhanh va dién 4p Vg thap.SBS thyc ra 1a mét mach tich
hop c6 cau triac va ki hiéu nhu hinh 14.24.

Ay

Anndfbl (A1)

o—A/

Cong (G) Go— i
Q QZ 'I'
Anode 2 (A2)
Ry
@) I
As
(b)

Hinh 14.24. Ki hiéu va cau triic ciia SBS.

Cau tric bén trong cta SBS gom hai diode 4 16p: mot diode pnpn
(twong dwong hai transistor Q; va Q,)), mét diode npnp (tuong duong hai
transistor Qs v Qy), vi vy n6 c6 thé din theo ca hai chiéu,

Khi chin A; ¢o dién dap duong hon chan A; mot gia tr1 1on hon V; cla
D», transistor Q; vi Qs s& dan do d6 SBS s& din theo chiéu tir A; dén As, va
nguoce lai khi dién dp chin A, dm hon chan A; mét gia tri 1én hon V; cua Dy,
transistor Qs va Qg4 s& din do d6 SBS s& din theo chiéu tir A dén A,. Luu ¥
dién ap V; cia Dy va Dy ludn ludn tvong duong vi vay dién ap |Verml =
[Verm)|. Cuc cong ciia SBS thuong duogc sir dung dé thay d6i dién 4p din
ctia SBS (theo cé hai chidu thudn va nghich). Ciing gidng nhue SCR, SBS khi
din s& duy tri trang thii din dén khi dong qua né thip hon dong giir 1.
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» Diic tuyén von- ampe ciia SBS
f

Ving dan thuin
(Q1/Q2 dan)

lI] [

.

— 1

-« = — T o

N Varm

Ving din nguoe
(Q3/Q4 din) |

Hinh 14.25. Pdc tuyén vén — ampe clia SBS.

Pudng dic tuyén vén — ampe cia SBS dugc cho trong hinh 14.25.
Thong thudmg dign dp Vgg thi nhoé hon hay bang 10V, va dong qua SBS ¢
thé ndm trong gidi han 100mA hoic cao hon.

» Mach trng dung ciia SBS

o '

Digndp R.3€—¢
cung céip SBS Tai

RE% T C|
# @

Hinh 14.26. Mach bao vé qua ap dung SBS.

Triac
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d. SIDAC:

Sidac 14 linh kién hai cye, din dién theo hai chiéu, ¢6 dién 4p rat cao
thudmg tir 100 — 280V, ¢ ki hiéu va dudng dic tuyén dugc cho trong
hinh 14.27:

Cuc chinh 1 (MT1)

Cue chinh 2 (MT2)

Hinh 14.27. Ki hiéu va dac Iuyé‘n cua SIDAC.
» Mach irng dung cia SIDAC

Bé trist nhét
Jthf:r'l SIDAC
Trigt gom
sing SIDAC
Bién dp
diy AC B6 diéu chinh ®
E l

I

Hinh 14.28. Mach nguon DC img dung SIDAC.

14.2. UJT (UNLJUNCTION TRANSISTORS)

UJT 1a linh kién chuyén mach ba cye, ¢6 dién 4p mo phy thude vao
dién ap phén cyc. Ki hiéu va cdu tric cta UJT duge cho trong hinh 14.29:
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Cuc nén 2 (B2) ?

]
oy Bo— p |

Cure phét (E) n
o

Cucnénl (B1) g)

1

Ciu triic Mach dign tuong deong
{a) (b ()

Hinh 14.29. Ki hiéu, cau triic va so do twong dwong cua UJT.

UJT gbm c6 ba dién cuc: cuc phat (emitter — E) va hai cuc nén B; va
Bs. O so d0 tuong twong ctia UIT trong hinh 14.29¢, do cuc E duoc két ndi
v&i mot chuyén tiép pn (trong hinh 14.29b) nén twong duong mét diode, cuc
cathode cua diode dugc két ndi véi mot cau phan 4p gdbm cdc dién trd Rp va
Ry, hai dién tré ndy chinh 13 dién tré cia cia 16p ban din loai n nim giita
chuyén tiép pn.
Viy dé diode din, dién 4p tai anode phai dwong hon cathode mét gia
tr1 la 0,7V, va v digén ap phan cyc 14 Vg thi dién ap tai cathode sé 1a:
R
Vi =V —— 14.4
y EE RB] +RBE ( }
Ngudi ta goi ty s6 dién trés trong cong thire (14.4) 13 ty $6 ndi suy dién
iip (.f; ) ctia UJT, khi do:

T (14.5)

REL T RBZ

Viy cong thirc 14.4 ¢6 thé viét lai nhu sau:

V. =gV, (14.6)
Viy néu goi V,, (peak) 1a dién 4p ngudng dé UJT din thi:
V. =5V +07V (14.7)

Luu ¥ 77 1a théng sd cia UJT duge cho bai nha san xuét (cho trong
bang tra ciru cia UJT)
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» Nguyén tiic hoat dong ciia UJT:

Lyn
B2
E
Fomcony v —
- Vo Lt — Y
— REII- IHB
Vi 7£
i
(a) ()

Hinh 14.30: mach phdn cuc va dong dién trong UJT.

Dién &p phén cuc (Vgs) duge dit trén hai cyc B, va B, va moi néi EB,
duoe dat dlen ap Vgg nhu hinh 14.30. Khi ting Ve tir OV va nhd hon V,
khi d6 mdi ndi E — B, twong duong hé mach vi chura du dién ap dé phén cyue
dmde khi Vgg, dat toi glé tri VP thi mbi néi E - B, duoc phin cuc thuin va
néu dong qua cuc E dat dén gié tri Ip thi diode din, lic d6 Iz qua dién troy
Rg; va gia tr1 dién m:r nay giam khi dnng [g gia ting, gia tri dién trd Rao
khn:mg thay dbi khi xuat hién dong IE Két quzi dﬂng dién co m‘:-n;-: dudmg dic
tuyén hinh 14.31. I, chinh 14 dong t6i tlueu dé UJT dan. Va néu Ig gla ting
trén gia tri Iy, Rg) gﬁm nhanh chnn;j, két qua 1a Vg, glﬁm khi Iy gia ting.
Dién 4p Vgg, gidm dén khi bing gid tri V, v Iz bing gi4 tri Iy (valley
current) thi linh kién di vao viing bao hoa va Vgg; ting theo Ig.

> Diic tuyén Vén — Ampe
1E"’TIE.'BH
]

DPiém dinh

Ve |5

Diém
thung
ling  Ving bao hoa

Ving
ngit

I‘F I'gr " IE
-
Ving dién tro am

Hinh 14.31: Pdc tuyén Vén — Ampe ciia UJT.
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Trong dudmg dac tug,f‘én vin —ampe cua UJT trong hinh 14.31, Vgg, va
Iz tv 1& nghich gilta hai diém dinh va diém thung liing nén go1 la w‘mg dién
tré Am. Mot UJT duoc kich khéi khi dién 4p tai cuc E cia nd dat dén gia tri

Vp v dong qua n6 dat dén gid tri Ip, khi d6 n6 se din va dﬁn dén khi dang Ig
qua no nho hon I, Khi Iz bé hon L, UJT sé tra vé viing tit va né chi din khi

nhan duoc su kich khon tré lai.
% Mach ung dung ciia UJT
» Mach dao dong tich tho4t ding nguon DC

UJT thudmg dugc sit dung trong nhitng mach dé kich céc linh kién
Thyristor, vi du nhue SCR hay Triac. Mt mach (mg dung cta UJT thudmg
gip d6 chinh 14 mach dao ddng tich thoat trong hinh 14.32.

+ Vg
Vp = 1-';5".

Ve
(b)

(a) (c)

Hinh 14.32. Mach dao dong tich thoat dung UJT
a. Mach tao dao dong; b. Dién ap cuc E; c. Dang song ngo ra.

Khi dién ap n;bucm dat vao mach tmng hinh 14.32a, tu C chua nap nén
Ve = Ve = 0V, UIT tit, dong 1 Iy, va Ig rat bé nén dién 4p tai Bi: Ve =0V.
Khi dd, tu C bit diu nap dién qua Rg tir thoi diém t dént,, dang song trén tu
trong hmh 14.32b, dién ap trén tu ting dan dén thoi diém t; thi dién 4p nap
trén tu bang VP, do d6 dién ép ta.l cuc E bing dién ap kich khi lam cho UJT
dan. Khi UJT dén dién tré moi n6i EB; gl&m tu Cr x4 trong thoi gian t; dén
'Lz tao mot xung gai tai chin B;. Tai thoi diém t; dién 4p trén tu giam nhanh
vé gid tri V, va dong qua UJT giam nho hon dong Ip 1am cho UJT tit, dién
ip chén B, lai bang 0V, sau d6 Cr tiép tuc nap tir Vy dén Vp vi qud trinh
lap lai.
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Yéu ciu dé mach dao dong:

— Dién trd Rg phdi di nho dé khi dién 4p trén tu dat gid tri Vp thi dong
qua cuc E phai dat dén gi tri Ip (dé UJT dén)

- V.E'E _VP

E {max) - I
P

R, <R

— Dién trd Re phai du l6n dé dong qua cuc E nhé hon Iy khi dién ép trén
tu xa dén gid tri V, (dé tit UIT).

R~ =288 'V

E E(min} .-..-

Chu ki dao dong cua mach duge tinh nhr sau: do thoi g'lan X4 cla tu
kha nhanh nén ¢6 thé tinh gin dang chu ki dao déng ciia mach gin bing thoi
gian nap cua t:

A
F=R O v

BB r

ViVy<<Vgva V=V, +V, >>V, nén:

V
2 _ = R_Er:ln[ij
Vap — V5 1—n

v’ Luu ¥ gid tri dién tré R phdi bé hon Rgg dé khéng dnh hwomg dén gid i V.
» Mach dao dong tich thoét diing chung ngudn AC véi SCR.

T=R,Cln

LT

i, N
SR W
" il SO G
Vg
Rn
i *t

220V 50H=

] Iy

b RR f-ttstr.
k)

Hinh 14.33. Mach immg dung ctia UJT kich SCR.
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e PUT (The Programmable UJT)

PUT la lir}h kién 4 16p twong tr SCR, tuy nhién tén cia nd dugce dat
dua vao dic diém cua dudng dic tuyén va céc (mg dung ciia n6 twong tu
UJT, céu tric va ki hiéu cia PUT trong hinh 14.34.

Anode

(?fl
P
: G
Cong
N o Y

O

P
N Q
K
Cathode (b) Ki hiéu
(K)

(a) Céu tric 4 1ép

Hinh 14.34. Cdu triic va ki hiéu PUT.

Trong hinh 14.34, ta thiy cAu triic ciia PUT gidng SCR nhung chi khic
12 cuc cong ndi véi ban dan loai N, gidng nhu cyuc cdng anode cia SCS.

Trong (mg dung, cuc cong cia PUT duwgce phén cye wiu mot dién dp
dwong so vi cuc cathode cua PUT (dién ap lap trinh), khi do néu dién 4p tai
anode duong hon dién 4p cuc cong 0,7V thi PUT ﬁe din. Nhur viy PUT
“duge 14p trinh” bang dién ap phin cuc giita cye cong va cathode. Mach
phin euc cho PUT va dudng dic tuyén trong hinh 14.35.

Vak
. 1. Khéng
6n dinh

(a) Phin cuc PUT (b) Puémg dic tuyén
Hinh 14.35. a. Mach phén cwee PUT;: b. Puong dic tuyén vén —ampe ciia PUT.
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Tir hinh 14.35, ta c6 thé dinh céc théng sé cho PUT (theo céc théng s
ctiia UJT)
R
R, +R,

j‘? i—]
R}, Rz: dién tro trong mach chia ap hinh 14.35a.

Vo =V

Vj—' =VG +Vu = qvﬂﬂ +vﬂ
Mach dao dong tich thoat dimg PUT.

+‘?EB

f y : : >t
] T
e W
= [\ [\ \ >
(a) Mach dao dgng tich (b) Dang song mach
thodt dimg PUT tao dao djng

Hinh 14.36. Mach dao dong tich thodt dung PUT.
Chu ki dao dong cia mach:
T =R,Cln [11_”)
Piéu kién dé mach dao ddng:
e VEE' = VF‘

Afmaxy I
P

R, <R
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14.3. LINH KIEN QUANG PIEN.
La céc linh kién bién ddi 4nh sdng thinh dién ning.

14.3.1. Pic diém ciia 4nh sing:

Anh sang 12 mt loai ning lugng dién tir phy thude gi¢i han tin sé nhu
trong hinh 14.48. Phd 4nh séng tir 30 THz dén 3 PHz.

(P: peta 1PHz = 10"°Hz, T: tera 1THz = 10'*Hz)

10'6 —
f (Hz)
T 3 PHz
= ITIH vu fru 0" Tia cue tim
(L o Trepe— : 300 THz
¥Tia X Anh sang thay dugc i
1055
Anh sing 104}
102 % \ Tia hong ngoai
=t
L Song radio 30 THz
-lol'_"l- s s
10°F
v
103 —

107

Hinh 14.37. Phé ciia anh sdng.
Hai théng s6 thudng ding cho 4nh sdng: bude séng (2 ) va cudmg do.

— Budc simg 14 chidu dai vat 1§ cia mdt chu ki cia mot soéng dign tir
duge truyén di:

c: toe dé dnh sdng 3.10° m/s

A A # r - A
f: tan s6 cua tin hiéu dwgce truyén
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Y
)

P
L

Hinh 14.38. Budc song anh sang.

Linh kign phét quang va thu quang phai phi hgp vé1 nhau qua théng
s6 budc song. Vi du ta ding mot linh kién phét quang dé didu khién mét
linh kién thu quang, thi hai linh kién nay phai cling budc song.

— Cudng dd anh sang 13 lugng anh sang trén mdt don vi dién tich ma
thiét bi thu quang nhin duge. Luu ¥ cuong d6 anh sing giam khi khoang
cach gitra linh kién thu va phat ting.

14.3.2. Photodidode (diode thu quang):

Photodiode 13 linh kién ban din c¢6 2 cuc cdu tao co ban trén chuyén
tiép P-N diic biét sao cho ving nghéo cia chuyén tiép P-N khi dnh sdng
chiu vdo s& sinh ra céc hat din va chuyén déng tao thanh dong trong
photodiode. Khi cudmg d¢ dnh sang ting thi dong nguge qua diode cling
tang theo. Ki hig¢u cua photodiode nhu hinh 14.39.

Photodiode
O o
4
@:} Hay W
O 8]

Hinh 14.39. Ki hiéu cua photodiode.
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» Diic tuyén ciia photodiode

Ig
S B — photodiode
Déng nguce
1 Alx (mA)
Hé& mach
Dm‘tg thi  Dién ﬁp ngd ra
3 2 1 ﬂ 1 ﬂ 2 0.3 []' 4 0.5
5000 1m/m* 1 /
10,000 1m/m’ 2
15,000 1m/m” 3
2 4
20,000 1m/m (V) (V)
-
Phén cue nguge Phin cue thuiin
(vilng quang din) (viing quang dién)

Hinh 14.40. Pdc tuyén ciia photodiode.

14.3.3. Phototransistor:

~ La linh kién thu quang ba cuc, trong dé dong collector (Ic) dugc diéu
khién béi cudmg d6 anh sang tai ngd vao quang hoc 12 mién nén (Base).

o (mA) 4
+ 40 mWiecm™

30 mWicm®

,E 2
Y
k) AT
20 mWiocm
4
{a) Kihigu 2 10 mWiem®
thi
1 1 1 L W Y
s 10 15 a0 reetV)

(b} Bic tinh ngd ra thong thudng

Hinh 14.41. a. Ki hiéu ciia phototransistor; b. Dic tuyén Volt - Ampe ciia
phototransistor.
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T,

# Mach sir dung phototransistor

= Lép vo md
—_——t — — _-I.-i--'""""'
Mach ' o
didu | &7 X
khién | |
LED l

'VEE

Hinh 14.42, Mach img dung phototransistor.

Mach c6 thé ding dé didu khién céc dong co mé ciu dudng thu phi
hodc may dém san phim.

14.3.4. Photo - Darlington

Photo - Darlington 1a phototransistor ma cau tric 14 hai transistor mic
darlington lai v&i nhau nhu Hinh 14.43:

E

Hinh 14.43. Ki hiéu cua photo-darlington.
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14.3.5. LASCR (light - activated SCR) hay photo-SCR

La linh kién ba cuc, trong d6 cuc cong duge diéu khién bdi cuimg do
4nh séng (Hinh 14.44), Ki hiéu LASCR.

Q

o

o
Hinh 14.44. Ki hiéu LASCR.

14.3.6. Bd ngiu hop quang dién Opto
La mét mach tich hgp gdm ca hai linh kién thu quang va phat quang.
Trong do, linh kién phat quang lIudn luén 14 led con linh kién thu quang co
thé 13 bét cir linh kién nio & trén. Ung dung thudng gip cta opto 12 ding dé
céch ly mach diéu khién va mach céng suit.

» Mach wng dung cua opto:

(de1) (acl) 8.1
e Salid =
Wi v ‘qm“: U

Dg (de2) | relay |fac2)

Tai
()

Mach DC IMgu::h AC Ry Rz

—A + A ' 0
dﬁlg}—ﬂh‘. | J_ =
Pl (i ey Sy T
Ny Cy
| fﬂ}ﬁ'!: : 5 T
o A 0 it e
(q@—{ I .
| R
dcz?—) % O acl?
)]

Hinh 14.45. Mach g dung cua opto.
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14.3.7. Té bao quang dién (pin mit troi — solar cell)

Té bao quang dién 13 linh kién ban dan céu tao co ban trén chuyén tiép
P-N dic biét, sao cho khi ¢6 4nh sang chiéu vao cdc lién két cong héa tri
trong tiép gidp bi phé v tao thanh cc hat din dwong va 4m lam ting dién
thé phat ra.

M{t tAm pin silic ¢6 dudmg kinh 6 cm khi duge chiéu sing c6 thé phat
ra dong dién khoang 0.5A va c6 dién ap ngd ra khoang 0.5V,

Q

i

Hinh 14.46. Ki hiéu ciia té bao quang dién.

Ung dung cia t& bao quang dién: Trén hinh 14.47 mb t4 hoat dong cua
dén sin vudm st dung pin mit trod. Khi troi séng céc té bao quang dién hip
thu 4nh sdng va chuyén héa thanh dong dién nap vao pin AA théng qua
diode. Khi troni t6i ngudn pin nay kich din cho transistor va cap ngudn cho
deén phat sang.

o
AA——"

4.5V Ik
Solar panel
j == 1300mAh Bifilar wound
- Aa MivH toroid
YoCels(1-2)
Ik
“u
“u

Hinh 14.47. Mach den san vieon.

1N

12V
Solar panel

Hinh 14.48. Mach sac pin dung nang lwong mat troi
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CHUONG 14

Hinh

14.48 trinh bay mach dién sac pin dung niang luong mit troi.

Mach dién sir dung solar panel 12V, trong d6 solar panel gdbm 10 solar cell
1.2V méc ndi tiép nhau. Dong dién chay qua D1 dén ngd vao IC LM317 dé
diéu khién dong va ap nap pin théng qua bién tré VR. Dién trd Ry han dong
cho D2 va ngin dong x4 tir pin. Transistor T1 va Zener c6 vai trd ngat
ngudn khi pin da sac ddy. Khi pin chua sac di 6.8V thi T1 va Zener khong
dan, nén pin dugc sac. Khi pin nap trén 6.8V, T1 va zener din, dién dp ngd
ra cia LM317 s& ndi dat va mach ngimg sac.

BAI TAP CHUONG 14

14.4.1.
14.4.2,
14.4.3.
14.4.4.
14.4.5.
14.4.6.
14.4.7.
14.4.8.
14.4.9.
14.4.10.
14.4.11.
14.4.12.

14.4.13.

14.4.14.

SCR la linh kién chinh lru...................

SCR hoat dong gidng nhu diode khi duoc kich. Plng:. .. Sai:
SCR dén dién khi A-K phin cye..... Vi...........

Tai sao cé hién tugng ti kich trong SCR, néu bién phip bao vé.
Tai sao phii tit SCR trong mach DC, néu céc bién phdp tat.

C6 cén bién phép dic biét dé tit SCR trong mach AC, tai sao?
TRIAC dugc ciu tao béi... 16p bén din,

TRIAC duge xem nhu 2 SCR B s

TRIAC din dién ¢ ca bin ky duong va ban ky &m. Plng:... Sai:..
Giai thich nguyén tic hoat dong clia TRIAC theo hinh 14.15(b)
DIAC 12 linh kién bén din c6... cue, din theo... chiéu,

DIAC chi din dién khi dién 4p phin cue 16m hon gia tri ngudng.
Ping:... Sai...

Hiy so sdnh su giéng va khédc nhau giita diode, SCR, DIAC,
TRIAC.

Cho mach dién nhu hinh 14.49(a), biét dién 4p ngudn xoay
chidu, Vs = 311sin314t [V].

a. Tinh gi4 tri trung binh ctia dién ap trén dong co M khi goc kich cho

T

SCR @ =—.
2

b. V& dang séng dién dp trén ddng co M trong trurdmg hop trén.
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c. Tinh pham wi didu khién cia dién ap trén dong co M (Vamin,
anmx)-

O
]

M

Hinh 14.49/a) Mach diéu khién dong co. Hinh 14.49(b) Piéu khién toan kv,

14.4.15. Cho mach nhu hinh 14.49(b), tdi R¢ ¢ vi tri nhur trén hinh vé.
Biét dién 4p ngudn xoay chidu, Vs = 311sin314t [V].

a. Tinh gia tr1 trung binh cta dién 4p trén tai1 R, khi géc kich cho SCR

od=—.

2
b. V& dang song dién p trén tai R, trong trudmg hop trén.
¢. Tinh pham vi didu khién cia dién ap trén tai Ry (Vimin, VRimax)-

14.4.16. Dya vio hinh 14.50, hiy v& mach déng md cita theo yéu ciu
sau: ctra dong khi 6 anh sang va cira mo khi khéng ¢ dnh sdng.

@ Peén
.
R:%

@ v " -

R] C‘;

7 4 e

-
Hinh 14.50. Mach tw dong dong mo den.

14.4.17. Cho mach dién nhu hinh 14.51, biét dién 4p ngudn xoay chiéu,
Vg1 = 311sin3 14t [V].
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a. Tinh gia tri hiéu dung cha dién ap trén déng co M khi gbc kich cho

TR.U’LC;:{:%.

b. V& dang song dién ap trén dong co M trong trudmg hop trén.

¢. Tinh pham wi diéu khién cua dién dp trén déng co M (Viimins
1II“'F]'x-h:n:l.!\:}-

@M

@_ Vsi

Hinh 14.51 Mach diéu khién déng co AC.

14.4.18. Néu thay TRIAC trong mach 14.51 bing 2 SCR mic song song
ngugce nhau,

a. Hay thiét ké mach cép xung diéu khién cho 2 SCR.

b. Giai thich nguyén tic hoat dong ciia mach vira thiét k&,

¥ A 5 . < b £ &
Huong dan: St dyng hai bién 4p xung cudn so cdp mac song song,
et o A « k " s - H = i
hodc sir dung mét bién dp xung cd mdt cudn so cap va hai cudn thir cép.

14.4.19. Cho mach diéu khién nhu Hinh 14.52.
a. V& dang song dién 4p ngd ra véi o = 45°
b. Tinh dién 4p trung binh qua tai VOTB, dong 10TB, cong suat PRL.
c. Xéc dinh goc kich a dé PRL = 20W.

+

éRL= 10 €2
<

SCR

f\) 220V/ 50Hz

Mach kich

Hinh 14.52.
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14.4.20. Cho mach chinh luu nhe Hinh 14.53.

a. V& dang song dién ap ngdra V...

b: Tinh Vo, I, P

¢. Thay Diode D, bﬁng mot SCR,.
— Ve dang song ngd ra khi goc kich a = 45°,
— Tinh Vyrg, Iz, Pr trong tmg.

d. Thay Diode D, vi D; bing 2 SCR; va SCR..
— V& dang séng ngd ra khi goc kich a = 30".
— Tinh Vyrs, Ir, Pr tuong tmg.

3 D,
& H .+ Vo
220V/ 50H=z R=1000Q
& — 4
D, s
Hinh 14.53

14.4.21. Cho mach didu khién ddng co nhu Hinh 14.54.
a. Vé dang song dién ap trén dong co (a = 607),
b. Tinh dién ap hiéu dung trén dong co.
c. Tinh téc d6 quay cua dong co, biét ring Us = 100V va n = 1000

vong/phuit.
@
5:2
230 50Hz % %
Mach kich

Hinh 14.54.
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Chwong 15
NGUON VA MACH ON AP

15.1. G101 THIEU

Khéi ngudn 13 khéi bién d6i ning luong xoay chifu ac thanh ning
lugng mot chidu DC dé cung cdp ngudn phan cue cho céc mach dién tir.
Ngd vio ciia mot khdi ngudn chinh 14 ngudn dién xoay chidu thuong duge
lay tir luéi dién qubc gia 220V/50Hz. Mét bd ngudn DC co ban bao gém
cac khéi sau:

I P\ ’M\

b .2 . Mach Mach én ||
220V/50Hz | )| Biéndp |Vir | Mach loc : | || R,

Hinh 15.1. a. So do nguyén Iy cia bg nguon DC.

Wiz Vi V. 4
Pt e e =T
T} i
e v '] 'l_‘_ e
|t

L L

Hinh 15.1. b. So dé nguyén I ciia bé nguon DC.

Bién dp: ha 4p tix ludi dién ngudn 220V/50Hz xubng mire dién ap cén
thiét cho dién dp DC dugc chuyén ddi tuong (mg & ngd ra.

Mach chinh lww: bién dbi tir dong ac thanh dong DC, 1a khdi chinh
ctia khoi ngudn.
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Mach loc: c6 chirc ning lam giam d gon séng dién ap chinh luu.
Mach én dp: c6 nhiém vy 6n dinh dién 4p & ngd ra khi dién dp ngd
vao thay ddi, bao vé tai va bao v& ngudn khi tai cb sy co.
» Céc thong s6 ciia bd ngudn:
Dién dp ngd ra cia mach chinh Iuru va mach loc khong chi cé dién ap
DC ma vin con thanh phén dién 4p ac bién thién goi 1a dién 4p gon s6ng.
Dj gon song: 1a ti s6 giira tri hidu dung cia dién &p gon séng véi tri

V, (rms)

trung binh cta dién dp chinh luu. 7% = % 100% (15.1)

de

e V (rms): tri hiéu dung cua dién dp gon song.

s V. . tri trung binh dién ap DC ¢ ngd ra.
£ Moo dién ap gon song dinh.

B A B B BT e
Nt W Al

Vi

l

0 g

Hinh 15.2. Dang song dién ap ngé ra sau khi di qua mach loc va chinh lheu.
MGt mach chinh luu va loc H tudmg 14 ¢ d6 gon séng b:ﬁng 0%.

Mach én dp: Mot mach ngudn DC 6n dp li twéng 1 dién dp DC ngd ra
V, bang hing s6 va khong bi anh hudéng boi sy thay doi cua dién 4p ngd vao
hay su thay doi ca tai.

Pé én dinh: D6 6n dinh cia dién ap ra theo dién ap vao:

@AV Vo) 1009% (15.2)

Lineregulation%e =

Vi du: Mot mach 6n 4p ¢6 &6 6n dinh bang 1%/V, ¢6 nghia 1a dién 4p ra

thay déi 1% cho mdi mot volt thay d6i cla dién 4p vao. Néu dién dp vao 12 20V
+ 5V, thi dién 4p ra c6 thé bi thay d6i 1 (5V)(1%/V) = 5%, Vo= Vo £ 5%V,
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P 6n dinh cia dién 4p ra theo sy thay ddi ctia dong tai:

VR% = AV =AVe 1009 (15.3)

AVy

hay VR% = Rrj(;i] % 100%

FL
o V.. dién dp ra khi chuwa cé tai.

. : dién ap ra khi co tai.

= # - F A
: dién tro ngo ra cua nguon.

Ve
o [ : dongtdingé ra.
e R,

15.2. MACH CHINH LUU

Nhu da khao sat & chuong 2, mach chinh luu chia lam hai loai: mach
chinh lru ban ki va mach chinh luu toan ki.

Céc thong s6 cia mach chinh luu gdm:
— DBién dp trung binh ngd ra Vpe
— Dong dién trung binh ngo ra: Ine
— Cong suit mét chiéu & ngd ra: Ppe
— Heé sb gon séng ngd ra: r%

— Céc thong s6 gidi han cia diode.

15.2.1. Mach chinh luu bén ki

> 1 0
Vi@ R3S v,
s 2

Hinh 15.3.a. Mach chinh lwu ban k.
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| t:f}'\.'

TV W

Hinh 15.3.b. Dang song vao va ra cua mach chinh lueu ban ki.
— Bién dp trung binh ngd ra:

1 % 172 V
V= [V.dt =— [V, sineudt == =0.318V, (15.4)
A s T
Dong dién trung binh ngo ra: I, P ;"“ (15.5)
L
— Cbng suat mét chiu & ngd ra: Py P =V, I, (15.6)

— Hé sb gon song ngd ra:

Dién dp hiéu dung gon song ngd ra;

i 1T 2 L IT z £ lT 2 z
V. (rms) = JFJ.VMJI = J? [, =V.)7dt = ;J‘(vﬂ —2v V, +V2)dt

i

Thay gia tri Vg trong cong thire 15.4 vao phuong trinh trén:

V,{nns)=\/[%") —(Vf} =0.385V, (15.7)
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D§ gon song ngd ra theo cong thire 15.1 14;

. 0.385V
roo = Yelms) 1 o0g = 938Va 009 =121
de " m

Véy mach chinh luu ban ki ¢6 d6 gon song 14 121%.

15.2.2. Mach chinh luu toan ki

ﬂ .
0 T T t
2
Vit
169 et
Vi
& %— Vi = 0.636 V,,
0 T F B
2

Hinh 15.4.a. So d6 nguyén b mach Hinh 15.4. b. Dang song vao ra
chinh heu cau cua mach chinh leu toan k.

Hinh 15.4.a trinh bay mach chinh luu cdu ¢bd dién ap ra duge chinh Iuu
1a Vi, 1a diép ap vao cua mach loc V; trong hinh 15.1. b.

— Dién ap trung binh ngd ra:
T y
v, =l_|'v,,dr=5 szm it = =0.636V, (15.8)
f e T

2 v S Ve

— Dong dién trung binh ngo ra: Iy, I, = =
L

— Cong sudt mot chiéu & ngd ra: Py, P =W r

— Hé s6 gon séng ngd ra:

Pién dp hiéu dung gon séng ngo ra:
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T T T
V_(rms) = Jljvirﬂ = \/l _[{‘P,:. ~V,.) dt = ‘jl_[("*’j —2v,V,, +V,.)dt
T o T Q T 0

()

Thay gia tr1 Vg trong céng thire 15.4 vao phuong trinh trén:

V 2 V 2
v == -2 =0.308V 15.9
' (rms) \/(ﬁ] [ = ] b (15.9)

P06 gon song ngd ra theo cong thire 15.1 1a:

: 0.308V
mﬂ(rmﬂx]m%m »
W 0.636V,

r% =x100% = 48%

Viy mach chinh luu todn ki ¢6 dé gon song chi 1a 48% th:’ip hon rét
nhiéu so v&i mach chinh luu ban ki, thuomg dugc sir dung né dé chinh luu
161 dura tin hiéu vao mach loc.

15.3. MACH LOQC

pé giam do gon sé-n% & ngd ra mach chinh luu, ta sir dung thém mach

loc dé loai bo céc thanh phan xoay chiéu (ac) con xuét hién & ngd ra.
15.3.1. Mach loc diing tu dién

Sir dung nguyén tic loc théng thip trong viée cung cip dién ning, dbi
vo1 dang mach loc nay chi ding mét tu dién mic & ngd ra song song vo1 tai.

1
il
Lt Mach |
Ngﬂ Wil Ac_j[: chinh luu : C | W vl:ll
| L

Ngd ra ciua mach chinh lueu Tu loc

Hinh 15.5. Mach loc dung tu C.

Xét mach chinh liru toan ki sir dung diy trung tinh mdy bién dp cé ty
loc C:
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'y Pf_' EFPJF'F

N ) |

_;::Ij‘ TL’ |
= D e
lg—=
H C R V.-.Q‘ |
| Ly
" 2

(a) (b)
Hinh 15.6. (a). Mach chinh luu co tu loc C; (b). Dang song ngo ra co tu loc.

Hinh 15.6a 14 mach chinh luu toan ki ding hai diode, sir dung may
bién 4p ngudn dbi, 6 tu loc C va hinh 15.6b 14 dang séng ngd ra trén tai hay
trén tu C cta néd. Dién 4p ngd ra 12 Ii tudmg khi dién 4p Vg bang gid tri Vp,
¢6 nghia 14 thanh phan AC bang 0 ¢ ngd ra.

Theo hinh 15.6a, ban dau D; din, C nap dén dién 4p dinh Vi, khi dé
dién 4p vao nho hon dién 4p trén tu nén D, ngat, C x4 dong qua tai, lic nay
dién 4p trén C bét ddu gidm cho dén khi nho hon gid tri tie thod dién ap
xoay chidu ngd vao. O ban ki ké thi D, dan, C nap lai dén dién 4p dinh V,,
thi D, ngit, C xa dong qua tai, ... Ct nhu vdy hinh thanh dang song trén C
14 dang sdng & hinh 15.6b, vé1 Tla thén gian diode din va khi d6 tu C nap,
T, 14 thoi gian tu C xa. Chu ki nap x4 cia tu C xdy ra cho méi ban ki cia
mach chinh luu toan ki, do d6 chu ki nap, xa cia tu C 1a T/2.

— Dign ap trung binh ngo ra:
Vae =V —V’(PT_"") (15.10)
— Dién ap xa trén tu C:
Vit p gyt (15.11)
C
— Tir dang s6ng tam gidc trén hinh 15.6b:
V. (rms) = V.ip—p) (15.12)
243
Va thdi gian xa cua tu:
TEZE_T, (15.13)
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Do T,<<T,, nén ¢6 thé tinh gin ding; T, = %
"[‘h . In::l'r.' T
ay Ts vao (15.13): Vikp—py=iel
C 2
Thay T=1/f: V.( )= L (15.14)
y : AP—P 21C .

Thay (15.16) vao (15.14), va Inc=Vp/Ry:
Vr {P o p} = ]dr.' - Vd’c

V_(rms) = = — (15.15)
W3 4f3fc 4f3R,C
Viy hé 6 gon song sau khi loc:
V
r% = ”(rmﬂx]ﬂ{}%:;xlﬂﬂ% (15.16)
Vde m‘mLC

Va dién dp trung binh ngd ra cua cong thirc (15.12) duge tinh lai nhu sau:

je s AR g (15.17)
4fR,C +1

Tir cong thite (15.15) va (15.16), ta thiy khi ting Ry hay ting C thi
dién dp DC & ngd ra ting va hé s6 gon song giam. Vay vdi Ry ¢b dinh thi khi
dimg tu C c6 gia tr1 cang cao thi dién ap trén tdi cd d gon song cang bé va dién
ap DC cang 16n, tuy nhién khi d6 dong cue dai qua diode tang xem hinh 15.7:

ve

r

£ k)

Hinh 15.7. Dang song dién dp ngo ra va dong dién qua diode (a).voi tu co
gid tri C nho, (b). voi tu co gia tri C lon.

Theo nguyén 1y hoat dong cia mach da giai thich ¢ trén, diode chi dﬁn
trong thin gian T,. Trong thot gian ndy, diode phii cung cdp dong dién can

098



GIAO TRINH BIEN TIF CO’ BAN CHUONG 15

thiét dé nap cho tu, néu gia tri ty C cang 1om thi thoi gian xa cang dai dung
thoi théi gian nap cing ngan lai, khi d6 dang séng dong dién lién quan dén
gia tr1 tu C nhu hinh 15.7. Vay d&mg trung binh tir nguon phai twong duong
dong trung binh qua diode trong théi gian nap, khi dé:

i §
I, = ?] L.
Hay: I, (15.18)
T
Trong do:
= T=1/f
= ],:dong cuc dai qua diode khi né dan.
= [, :dong trung binh ra tai.
15.3.2. Mach lge RC
0 . —AW——————1—0
| R I
| |
Ngd ra bo =5 | o \
chinh luu S : T C2 | Vo3
| |
Oy & L —O
Tu loc Bﬁqlqc RC Tai
bo sung

Hinh 15.8. Mach loc RC.

Pé giam d6 gon séng cia ngd ra, ¢6 thé mic thém céc mit loc RC nhur
hinh 15.8.

Hinh 15.9 14 mdt mach chinh luu toan ki ¢6 tu loc C; va mdt mach loc
RC. Hoat ddng ctia mach loc nay gilip dién ap ra ¢6 dd gon sdéng giam, phu
thudc vao gia tri R va C (xem dang song ngd ra khi ¢6 thém mach lpc RC
trén hinh 15.9),
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2 P -~
T V'frms) V: (rms)
7

+ e

-

r i
i g ‘ * R
120V ac — _-|_ My

Chinh Tun todn ki Bd loc

Hinh 15.9. Mach chinh lvu toan ki va mach loc RC.
Dién ap DC & ngd ra la:

‘“L {.F q
— -15..1
At R RL - ( }

Pién ap hiéu dung gon song ngd ra:
A

R+Z

Voi Z=R, Il (- jX_,).

V

¥

(15.20)

15.3.3. Mach lgc LC

Mach lgc RC lam giam dién 4p ra ti1, nén khi dong tai ting thi dién ap
trén tai bi giam. Mach loe LC dugce sit dung trong trudmg hop dong tii cao
va c6 bién thién rong.

Vdr'
V. L
& Y Y ) A o
O_ r
Mach - o Vo
/\/ chinh hru T G
D_

Hinh 15.10. Mach loc LC.
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Ta co:

; R
o e g 15.21
TR, ( )

Trong d6 R 1a dién tr& cudn ddy, do R <<R. nén:
le.r.' i Vﬂ'ﬁ'

g CiXe)IR,

S : : (15.22)
X, +(—jX IR,

15.4. MACH ON AP
15.4.1. Mach on fp ding linh kién réi

; Mach 6n ap ding linh kign r&i dugce chia ldm hai loai co ban 1a mach
6n 4p song song va mach 6n ap ndi tiep.

a. Mach on 4p song song

Rs Tgp + I,
Vi, 0—AW o V,
I; L - I
Tin higu i Ii
Thanh phin | diéu khién Mach 1y
diéu khién | méu
$
< Tdi)
Dién ap .| Machso [, =
chudin sdnh Tin hiéu

héi tigp
Hinh 15.11. So dé khoi ciia mach 6n dp song song.
Chitc niing cia céic khdi trong mach 6n 4p song song (hinh 15.11) 1a:
— Khéi lay mau: lay dién dp hoi tiép tir ngd ra dua trd vé dé 1am tin hidu
so sanh.
— Khéi dién 4p chuén: tao ra mot dién &p chudn.
— Khéi so séanh: thye hién so sanh dién 4p miu va dlen ap Lhuan vid phat

hlen su thay d6i dién &p trén tai tir d6 tao tin hiéu didu khién dén phén tir
didu khién.

— Khéi phén tir didu khién: nhin tin hiéu diéu khién tix khm so sanh dé
didu khién d(’:.ng Igy - tir 46 didu khién dong qua tai din dén didu khién dién
Ap trén tai o6n dinh.
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» Nguyén tiic hoat djng:

— Khi dién dp ra ting, mach so sinh nhén tin hiéu hdi tiép tir mach lay
mau va so sinh v6i dién 4p chuéin, lac d6 né cung cép tin higu dicu khien
dén phén tir didu khién @& didu khién dién 4p ra giam tré lai, duy tri dién dp
on dinh & ngd ra.

— Khi dién 4p ra gidm, mach so sanh nhén tin higu hi tiép tir mach lay
miu va so sénh v6i dién 4p chuén, lic d6 n6é cung cdp tin hiéu diéu khien
dén phin tir diéu khién dé diéu khién dién 4p ra ting tr lai, duy tri dién 4p
on dinh & ngd ra.

» Mach 6n 4p song song diing mét transistor

Mach duge goi 12 6n 4p song song vi tai dugce mic song song véi Ve
clia transistor On 4p.

G_} I-‘\M L -—I—D—

T Ry +
ol 7 | rs
VK |
Vipe . 4 I I Vil L
:n;g :: Ry

I EE. I

5 ! |
—

Hinh 15.12. Mach én dp song song ding mét transistor.
» Nguyén tfic hoat dong:

Pay la mach 6n dp song song ¢ Rg 12 dién trér néi tiép véi ngudn vio,
ta c¢6 biéu thirc quan hé theo hinh 15.12 nhur sau:

Vie =1 Rs +(V, +Vyp )= 1R + Vi 5 Vi = Vg =V (R, €)

V, =V, +Vy (15.23)
Hinh 15.12 c6 thé mé ti viéc 6n dinh dién 4p nhu sau:
Theo chiéu thuin (Chiéu 1): Béo vé tii khi ngudn thay ddi.

Khi Vj4. thay doi ting lén, néu khéng co on ap thi dign ap trén tai V_
cling ting 1én. Nh¢r ¢6 khéi 6n 4p ta c6 phuong trinh (15.23).
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Veel = VL T— Vzeeons:

Suy ra khi VgeT, dién 4p vdo cuc B cia transistor ting 1am cho
transistor din manh, dong IcT va Veed mot lugng AV b lueng ting ding
1y s& xdy ra trén tai bao vé tai Vi 1a mot hing 6, ta két ludn khdi 6n dinh
dién 4p di hodn thanh nhiém vy 6n dinh dién 4p bdo vé tai khi ngudn thay
d6i (Chiéu 1).

Theo chiéu thufin (Chiéu 2): Bio vé ngudn khi tai thay ddi.

Khi V, thay ddi ting, néu khéng c6 6n 4p thi khdi loc va khéi chinh
liru bi dién dp nguge danh thimg. Nhé ¢o 6n ap theo phuong trinh (15.23), ta ¢6

VaeT = Vi T— Vaeconst (15.24)

Suy ra khi VT, dién ap vao cuc B cila transistor ting lam cho
transistor dan manh, dong IcT va Verd mot lugng AV bi luong ting xdy ra
trén tai, ta cd Vg + suy ra Vi 12 mdt hing s6 bao vé khéi ngudn (bao vé
khdi loc va khéi chinh luu), ta két lufn khéi 6n dinh dién 4p d3 hoan thanh
nhiém vu 6n dinh dién 4p bao vé ngudn khi tai thay ddi (Chiéu 2).

| ERE - L S Y
TESSSEESL B |
| |
Vie| | 4|: Ve e
W l I l
i |
| - f—t———

Viee f/ =—— Ve ———=Vi=const : Chiéu 1
|

|
Vige =const——— Ve — Vi : Chiéu 2

Hinh 15.13. So d6 mé hinh én dp song song

Mach 6n 4p song song cd nhiém vu bao vé cAu chinh lwu va cée mach
vao ctia khdi 6n 4p khi tai thay dbi.

Néu khong ¢6 khéi 6n 4p, khi V ting ddt ngdt cic ciu chinh luu hodc
cdc tu c6 thé bi danh thing. Nhung nhd ¢6 6n 4p song song, theo phuong
trinh 15.24 ta ¢6 Vg ting 1am Q din. Q din 1am cho I¢ ting va Veg gidm,
suy ra V; cfing gidm | lugng bang véi lugng vira ting 1én. Tire 13 Vi tro vé
gid tri ban dau (V; = const), mach 6n 4p theo chidu 2 trén hinh 15.13. Tuong
tur khi ap trén tai ting.
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» Mach 6n 4p song song diing hai transistor

I
|
| O

Py
L

r—————

L] R g

O————
|
I

Vldc /f‘/"— VEE ,/,‘?':':VL— const
[

1|~|"Ili,;1¢ :Cﬂﬂﬁt: 1VE‘E .{’/f‘— VL/:/

Hinh 15.14.a. Nguyén [y on dp song song ding hai transistor.

Va
(o] AAN # 5 —0O (Dién ap
Ry on dinh)
V;
(Dign dp khong Q +
dn dink) Q AV
SR
R,

Hinh 15.14.b.5¢ do nguyén Iy mach én ap song song ding hai
transistor

Trén hinh 15.14b sir dung hai Transistar Q- 1a Transistor do dién ap
sai léch (do sai), Q; 1a Transistor cong suit dugc phin cuc nhd ngudn V.,
Diode Zener duge phin cuc nhé nguon Vi qua dién tré Rg & trang thai dén,
ghim dién dp phin cuc cho Qg tai cuc nén cla Qz Mach 6n 4p song song
diing 2 Transistor ¢6 kha ning on dinh dién &p t6t hon (luong thay doi dién
&p c6 thé nhiéu hon) mach ding 1 Transistor.

Khi V; thay d6i tang 1én, néu khong c6 6n 4p thi dién 4p trén tai V.
ciing ting 1én. Nhor ¢6 khéi on ap, dién 4p cuc Vg, ting 1én 1am Q; din
manh din t46i g = I ting  1én; suy  ra
Ig; = Ig; ting 1én. Ta c6 Transistor Q; din manh IcT va Vel mét lugng
AV bii lugng ting déng 1y s8 xdy ra trén tai bao vé tai Vi 1a mot hing s, ta
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két lugn khéi 6n dinh dién 4p di hoan thanh nhiém vu én dinh dién dp bio
vé tai khi ngudn thay déi.

» Mach 6n dp diing op-amp

V; M & Vo (=Vi)
; R i ‘r.':'H u 1 L
R

Hinh 15.15. Mach én ap song song diing op-amp.

Mac.h hinh 15.15 1a mach 6n ap song song trong do op-amp dong vai
tro la khm 50 sanh, tin hidu chuén duoc 14y trén diode Zener va dién troy R,
khdi mau chinh 13 céu phén 4p R, va R,. Khi dién 4p ngd ra thay d6i, dién
dp trén R, thay doi 1am dién 4p & ngd viao cong clia op-amp thay déi theo
din dén 4p ngd ra cling thay ddi theo 1am 4p tai cuc B cua transistor thay doi
din dén dong I thay d6i theo duy tri dién 4p trén tai khéng doi.

Gia sir dién 4p trén tai giam (VL4), thi dp trén R, giam, 1am 4p tai ngd
vdo cOng clia op-amp giam nén dién 4p ngd ra gidm (Vsed) nén transistor
din yéu Icd, khi d6 dong tai tang (I.T) va dong thai V. T dén gid tri 6n dinh.
Dién 4p ngd ra V, duoce tinh theo cong thire sau:

V.
=Z(R+R,)

2
b. Mach 6n &p néi tiép
La mach ¢6 tai duge méc ndi tiép v6i phan tit dn &p (BIT).
Trong mach 6n 4p néi tiép, phén tir 6n 4p mic ndi tiép véi tai. Vi viy
@& duy tri dién 4p ra 6n dinh cho tai thi phén tir diéu khién s& thay dbi dién
ap trén no. Ta c6 so d6 nhu Hinh 15.16.b.



CHU'ONG 15 GIAO TRINH BIEN TU CO' BAN

A
el CTE l (Ngd ra
Mach 13}, on dinh)
mau
Bién ap Mach so
] — : —
tham chiéu sinh

Hinh 15.16.a. So dé khoi ciia mach 6n dp noi tiép.

-
8 ||
| L |
vi [ On ap || Vo
| noi tiep |
| ~— |
— 'STZ C —
VA ——— V., A¥ (Chidul) V, =const
Vi =const ——— Vee ®x  (Chidu2) /%

Hinh 15.16.b. Nguyén Iy 6n dp ciia mach én dp noi tiép
Ta ¢6 phuong trinh 15.25.

V A= Ko V"4 +V (15.25)

Ta phéi chimg minh sir thay d6i trong quan ty 1& thuén theo ding thirc 15.25.
Trén hinh 15.16b, ta cé:
"h"ri = VEE+VU {1526)

Khi dién dp ngd vao Vi ting hoiic gidm thi dién dp Vg trén phén tir 6n

dp ciing ting hodc giam twong mg dé dién 4p ngd ra V, duge 6n dinh.
% Mach 6n 4p ndi tiép dom gidn

Chirc ning ctia céc linh kién trong mach 6n 4p noi tiép don gian &

hinh 15.16:

— Transistor Q; déng vai trd 1 phan tir 6n dinh dién 4p, duge phin cyc
nhd Vi, R vad Zener ghim ap tai cyc B, Ry bao vé transistor Q,

— Diode Zener cung cép dién 4p chuén, dugc phin cuc nhd V,, R va din
dieniv6i Vi xhic dinh.
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— Pién trd R démg vai tro phin cuce va han dong cho diode Zener.
Ry

vi— V=  H |y,

vi° | '@ i ® v,
(Ngé vao : R 0 : (Ngo
khéng én | ; | ra on

dinh) | & 2R dinh)
| |
| |

Hinh 15.16. Mach én dp néi tiép dom gidn.
> Nguyén tic hoat dong ciia mach:

Khi V; ting (hoiic gidm) thi phén tir 6n 4p s& giif lai dién dp tang (hodc
giam) d6 dé dam bao ngﬁ ra khong d6i. Gia sir khi khong c6 6n dp, V; lam
cho V, ting, nhd ¢6 khoi 6n 4p ta co:

Ve =V =V =V, =V,

Ve =V, =V, / (15.27a)

Ve giam lam cho dién 4p vao cuc nén cia transistor gidm dan toi Q,
ddn yeu, I gidm, Vg ting, theo phuong trinh 15.26 (V7 = Vee” + Vo)
khoi 6n 4p giit lai phén ting cia dién &p ngudn trude khi ra tii, 1am cho dién
ap tai khong dbi gitp bao vé tai. (Chiéu 1)

Néu dién 4p trén tdi ting, thi dién 4p phin cuc Vyg cua Q giam, lam
Q. din yéu, din dén dién 4p trén tai giam, duy tr dién 4p tai on dinh.

Dién dp 6n 4p ra tai ciia mach:

Vﬂ :'Fz _VH'E (152,1“:')
Mach hinh 15.17 13 mach én 4p néi tiép ding 2 transistor. Transistor

Q2 dong vai tro do sai, duogc phdn cuce nhér Vo, R3, Rs. Diode Zener phéan cuc
nhd Vi, Ro.

= Transistor Q, phan cyc ViRl1 dén cuc C cua Q2, Q2 ¢ trang thai
khuéch dai, ghim dién dp tai cuc E 1a VZ = IE.RE.

— Transistor Q, 13 transistor on dinh dién dp (transistor cong suét) phin
cue do ViRy; Ry 1a dién trér nhiét bio vé Q,, bao vé BJT 6n 4p.

» Mach 6n 4p ndi tiép ding hai transistor
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V; l— _|_ v,
e | .
I F 3
R_a- I
Negd vio DC I Ngéra DC
khdng on dinh 7

Hinh 15.17. Mach én dp néi tiép.

Trong trudng hop khong ¢é 6n 4p, V; ting s& lam V, ting theo. Nhung
nhd ¢b 6n 4p 1dm Vpy ting, Q; din manh din t&i Ieo ting, Vg giam nén
Vg giam lam Q, dan yéu di. Q, din yéu khién Ic; gidm va Vg ting, theo
phuong trinh 15.26 ta n6i mach 6n dinh dién ap.

» Nguyén tic hoat dong:

Néu dién 4p ra tai ting, dién 4p ldy miu trén Ry va R, ting, lam dién
dp Vgg ctia Qs ting (do dién 4p Vz ¢b dinh), Q2 ddn manh 1am dong cuc nén
ctia Q; giam, Q) din yéu, dong ra tii gidm, 1am dién 4p trén tai gidm, duy tri
dién 4p ra on dinh. Nguwoc lai néu 4p ting thi qué trinh nguoc lai.

Pién 4p 6n 4p ngd ra ciia mach 1a:

_R,+R

v LV +V ) (15.28)

i

e

Dé ¢ thé thay ddi dién 4p ngd ra ciia mach 6n 4p bang céch mic thém
bién tro Ra.

Ned viae DC

e 0B
'-.'?_Eél

Lr=g

y

:Rj

R; Ngd ra DC
khing dn dink on dinh

I S o

Hinh 15.18. Mach én dp c6 dién ap ra thay déi dworc.

» Mach 6n 4p ndi tiép ding op-amp:
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Gia sir V, ting thi Vg, vi Vg, ting, ma Vg, bing V. suy ra hiéu dién

thé giira hai ngd vao op-amp (Vz — V.) gidm (Vz cb dinh). Khi dé, dién ap

= : Gk 3 = £ =, i 5

ngd ra op-amp gidm khien transistor Q; dan ycu lam cho dién ap giira hai

cre Vg ting. Biéfu nay ldam cho V, = Vi - Vg gidm xudng, nhu vay dién
ap ngd ra s& dugc on dinh. Tuong tu voi trudmg hop 'V, glam.

V.=YZ(R +R, ) (15.29)
R,
T _E{\.

V. O ‘:"_"" L O Ve

(Ngd vio QQ {Ngf._i ra
Khdng dn dink) $ Q& dn dink)

e
! 1

2 R

Hinh 15.19. Mach én dp dimng op — amp.
¢. Mach bio vé qui dong:

Dé tranh truomg hop tai ngin mach hay qua dong thi phai mic thém
mdt mach bao vé qua dong nhu hinh 15.20.

Mach han dong

] —_—— — =

Hinh 15.20. Mach én ap co mach gioi han dong dién.
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Khi dong téi ting, dién ap trén Ry ting va khi dién dp nay da 1om nd
s& diéu khién Q; din, khi d6 Qs s& din manh it dong cuc base ctia Qi, lam
Q; dan yeu di, dong ra tai giam. Viy gid tri dién tré Rgc va dién dp Vg clia
transistor Qs s& quyét dinh dong gidi han cuc dai ra tai.

V,

A

&0 R

S
15.4.2. Mach on 4p diing IC (Integrated Circuit - mach tich hop) on dp

IC 6n 4p thudmg duge sir dung réng rai trong cic mach o6n 4p. Cac IC
on &p nay thudmg dur;-;: ché 20 gﬁm mach tao dién ép chuén, mach khuéch
dai so sanh, phan tir -:‘heu khién va mach bao vé qua tal duge tich hop trén
mdt chip dom, mic dit céu tric bén rrunE cO vl dlem khac biét so voi cac
mach 6n 4p ding linh kién roi nhung vé nguyén tic hoat dong thi ciing
turong tu nhu nhau.

Phén loai IC 6n 4p dwgc chia thanh hai loai: IC 6n 4p 4m va IC 6n 4p
duong. Nhimg IC 6n dp nay thudng dugc ché tao chiu duge dong tai tir hang
traim mA dén hang chuc ampe dép (mg cho tai ¢6 cong suét tix miliwatts dén
hang chuc watts,

Chénh léch
dién ap vao ra
Démg tai
IN : outl I
¥ Bd on ap *
Ngd vao 5
khong bn dinh GND Neora =
Vi on dinh Tai
) %
ﬁ //"
Tém dién ap i Piéu chinh tii
ngd vio * ¥ Piéu chinh duimg diy

Hinh 15.21. So d6 mach ciia mach én dp dimg IC én dap ba chén.
a. IC on 4p dwrong

~ IC 6n 4p dwong gdm hai logi: IC 6n 4p dwong c6 dién 4p ra c6 dinh va
IC 6n 4p duong c6 dién 4p ra thay d6i duoc:

e IC 6n dp duong ¢ dién ép ra cb dinh:
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Mot ho IC théng dung thudmg duge sit dung cho nhimg tai cé yéu ciu

dién ap

cung cﬁg cd dinh 1a ho IC &n 4p 78xx, ho IC ndy cung cap dién ap

c6 dinh tir 5V dén 24V, hai s6 sau tiép ddu ngir 78 14 chi ra dién 4p 6 dinh
O ngod ra cua IC.

W

O —— Chin chung
A —— Ngb vio

Hinh 15.22. So d6 chan cia ho IC

Céc théng s6 cua IC 6n ap:

Bién ap gidi han ngd vio.
Dién 4p t6i thidu cia ngd vio.
Cong suét giGi han tiéu tan.
Pién ap ngod ra.

D6 6n dinh dién 4p ngd ra.
Dong ngd ra ngin mach.

Dong ngd ra cuc dai.

IC 6n Dién ap on 4p
ap ngo ra
7805 3V
7806 ov
7808 8V
7810 10V
7812 12V
7815 15V
7818 18V
T824 24V

Pé IC hoat dong on ép (hay dién 4p ra ding yéu cau) thi dién p ngd

vao phai I6n hon hay biang dién 4p tdi thiéu ngd vao cna IC.

Vi du: Hinh 15.23 trinh bay mach dién két ndi cta IC 7812.
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o : IN ou : 0
+ T812 *
llllri - Vﬂ

e 1 Sl el 57

1. P 1T

Hinh 15.23. Mach on dp diing IC én dp 7812.
Pé dién 4p ra dwoc 12 V thi dién 4p V; phai:
14.6V <V, <40V
e IC 6n 4p duong c6 dién 4p ra diéu chinh duoc:

Tuong tw nhur vy mot IC théng dung thudng duge sir dyng la IC
LM317, dién 4p ngd ra ctia IC nay c6 thé diéu chinh dugc trong gidi han tir
1.2V dén 37V. Hinh 15.24 trinh bay mach két ndi ding IC LM315.

O——Viy Vou O

¢ LM 317 T ;Il +

R;
ADJ Vier
VI‘JV l l Vf.‘-
_Ii:.u},,r

- Rf -

O 0

Hinh 15.24. Mach 6n ap st dung IC LM317.

Dién 4p ra: v, =V, +%) +1R, (15.30)

Trong d6 d6i véi LM317 thi: V, =1.25V va I, =1004A .

b. IC on ap dm

~ IC 6n 4p 4m ciing gdm hai logi: IC 6n 4p Am c6 dién 4p ra cd dinh va
IC 6n 4p 4m c6 dién ap ra thay d6i duoc: 12 ho IC 79XX 14 IC LM337.

So d6 mach nguﬁn 6n 4p tao ngu%m dién DC thue té:
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IC7805
& Tl = ]2 :
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o~ 38 :
-
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15.5. BAI TAP CHUONG 15

15.5.1;
15.5.2,
15:53;

15.54.
15.5.5.
15.5.6.
15.5.7
15.5.8.

C6 hai loai mach 6n 4p 1a.............. Vii.......
Néu su khic biét ctia hai loai mach nay.

Khéi tao dp mau trong mach én dp c6 gid tri khéng dbi.
Diing...Sei.

BIT trong cdc mach on 4p dugc phin cuc hoat dong & ché da....
Zener trong mach 6n 4p thudmg duge ding Iam khéi........

IC 78xx 12 IC &n dp ngudn.....

IC 79xx 12 IC 6n dp nguon.....

Dura vo cdc mach 6n 4p néi tiép, hily v& mach &n dp c6 thé diéu

chinh dién dp ra.

1559.

Hity thiét ké mach 6n 4p sir dung IC LM317 ¢6 dién ép ra thay d6i tir OV.

15.5.10. Hay v& hoan chinh mach nguén DC 0, 5, +/-12V tir ngudn AC.

15.5.11. Hay th.lf:t ké mach 6n 4p ndi tiép sir dung m¢t BJT ¢ dién dp
vao thay ddi tir 18 dén 24V e, dién dp ra phai 6n dinh 12Vpe. Dong dién ra
tai 1a 500mA. St dung BJT ¢6 hé s6 khuéch dai dong dién 50,

15.5.12. Cho mach nhw hinh 15.25, vai V; = 12V, V> = 5.6V, R, = 10042,
RS = 2202, Hﬁy tinh Vn, ]-L va PRL'
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o A i o + + =]
5 Rg i fi"l Iﬁl
v, v

7 g V. : RE W,

I y .JIE § -3 Vi - E

V?r.:_
R, g
o ' o o
Hinh 15.25 Hinh 15.26

15.5.13. Cho mach nhu hinh 15,26, v&i Vi = 20V, Vz = 12V, Ry = 10V,
Hay tinh V,, I va Pg.

15.5.14, Cho mach nhu hinh 15.27 véi V; = 20V, Vz = 5.6V, R, = 1004,
R] = RZ = 1K€, Hﬁ}" tinh Vn, IL! PRL.'

] rﬁ": Ve
i ] i o,
g V; i V.
Qi 3 R
'Fr'II l iﬁ:: ” R
Hinh 15.27 Hinh 15.28
15.5.15. Cho mach nhu hinh 15.28, v&i V; = 15V, V5 = 12V, R, = 10Q,

R =220Q, B = 50.
a. Tinh V, I, Pr..
b. Tinh Pz,., P[', Pi., I]%.

15.5.16. Cho mach nhu hinh 15.29, véi V; = 20V, Vz = 5.6V, Ry = 2kQ,
R; = 3.3kQ. Hay tinh V,,.

L]

i

} I

L]

L

£y

T ——

¥ -

Hinh 15.29 Hinh 15.30
155.17. Chomachhinh 1530, v&i V= 15V, V= 5.6V. Tinh Ry, R2 d& V, = 10V,
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Chwong 16
CAC MACH DIEN TU I'NG DUNG
DAN DUNG VI MACH TRONG
CONG NGHIEP

16.1. TONG HOP CAC MACH PIEN TU CO BAN

Trong chuwong niy tic gia mudn tong két lai toan bd cée kién thirc cia
15 chuong, didu ndy gifp ngudi doc ¢6 modt cai nhin tong thé vé céc mach
dién tir co ban nhdt. N6 cung cdp kién thirc nén tang cho cde chuyén nganh
k¥ thudt va cdc nganh ¢o6 lién quan, nhu dién — dién tir, co dién tir ...

Bing 16.1 13 bang tong két todn bd bon dang mach co ban trong dién — dién tir:

I. Mach khuéch dai tin hiéu va khuéch dai tin hifu nhé duogc coi 1a
khoi phan tir khuéch dai tin hiéu DC va AC. Tin hiéu ngd ra AC ¢6
cong suat 16n hon tin hidu ngd vio, cdc mach nay thuong sir dung
cdc linh kién nhu: FET, BJT, op-amp. Cic linh kién bdn din déu
duge phin cuc & trang thdi khuéch dai (O nam trong ving tich cuc).

2. Mach khuéch dai cong suit va mach khuéch dai céng hwéng 12
khoi khuéch dai tiép xdc truc tiép véi tai nén c6é cong sudt ngd ra
16m, thue hién cdc nhiém vu chinh nhw diéu khién dong co, khuéch
dai cong suét Am tan, thu phét tin hidu, truyén din ... Céc mach nay
thudmg sir dung céc linh kién bén din c6 c6ng suat 1ém. Céc linh kién
bén din ¢6 thé phin cuc & trang thdi khuéch dai, trang thdi ngdt hodc
& ché d6 khuéch dai Max Swing.

3. Mach dao déng 12 mach bién ddi ning luong mét chiéu DC thanh
ning luong xoay chidu AC, cdc mach nay thudmg duoc (mg dung
trong cdc mach phdt séng, mach so sdnh, mach diéu khién ... Cic
linh kién ban din ddu dugc phén cyc vi 1am vide ¢ ving khuéch dai.

4. Khéi ngudn va mach 6n 4p 132 mach bién ddi niang lugng xoay
chidu AC thanh ning lIugng mot chidu DC dé cung cip cho tit ca cdc
linh kién bén din trong cdch mach dién — dién tir (mach khuéch dai
tin hiéu, khuéch dai tin hiéu nho, mach khuéch dai cong suét, mach
khuéch dai cong hudng, mach dao dong ...) va céc vi diéu khién, vi
xir 1y.
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Bang 16.2 dién ta cAc cach mic chung ciia Transistor ludng cuc, BJT,
transistor truong, FET va so dd twong dwong tin hiéu nhé cing tham sb
xoay chiéu hdn hop.

Bang 16.3 trinh bay cac trang thai lam viéc ctia mach khuéch dai st
dung transistor ludng cuc BJT mic E chung, dng thoi phin tich ba trang
thai chinh: ngat, din va bdo hoa. Diém 1am viéc ciia cic mach thay doi theo Q,
Q1, Q2, Qs v Qu, céc vi tri clia Q s& thay ddi tinh chét khuéch dai ctia mach.

Bing 16.4 tong két cac vi tri cta tinh diém Q trén ho diic tuyén ngd ra
cta ho transistor trudmg (FET), cdc vi tri ndy tuong ty nhu ciua BJT sé& quy
dinh tinh chét lam viéc cua mach khuéch dai st dung linh kién nay.
Transistor trudmg cd kich thude nho, c6 dd din dién 16n nén thudng duge
diing trong cic vi mach sd, cdc mach déng mé nhanh (khéa dién tir) dugc
tmg dung nhiéu trong thure té.
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16.2. CAC MACH PIEN - PIEN TU UNG DUNG TRONG THUC TE

Trong phan ndy nhém tic gid mudn goi ¥ mét vai mach (mg dung
trong thuc té st dung céc linh kién ban din co ban.

16.2.1. Mach bdo ddng chéng trém ding cho xe mdy
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16.2.3. Mach Dimmer
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16.2.5. Mach khuéch dai cong suit 4m tin cong suit nhé (dang 1)
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16.2.7. Mach khuéch dai céng suét 4m tin ding Op-Amp

S FEM)
ooy
g Ohm
e SPERKERS
i !
= =2
16.2.8. Mach Micro khéng diy (dang 1)
Wireleslf yicrnphune
Wy uoguelpn. car antoon ’a‘,‘ Eabias EF

} C1== T% uH

—C3
4.7pF

C4 =

4 7uF —
—_— Eﬁ -—
ool
mic
electrat
1 —
2N2222 =Gnd

624



GIAO TRINH BIEN TIF CO’ BAN

CHUONG 16
16.2.9. Mach Micro khing day (dang 2)
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16.2.11. Mach khuéch dai cong suit ding IC
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