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LOI NOI PAU

TAI LIEU "NGUYEN LY KY THUAT PIEN TU" TRINH BAY VE NGUYEN TAC HOAT
DONG CO BAN CUA CAC LINH KIEN VA MACH PIEN TU THONG DUNG. NGAY NAY KY
THUAT DIEN TU PUQOC AP DUNG HET SUC RONG RAI TRONG NHIEU LINH VUC
KHOA HOC CONG NGHE VA POI SONG. TA CO THE THAY SU HIEN DIEN CUA CAC
MACH PIEN TU NGAY TRONG CAC THIET BI TAI GIA PINH, CONG SO NHU TU CHIEC
MAY THU VO TUYEN TRUYEN HINH TOI HE THONG MAY VI TINH HIEN DAL KIEN
THUC CO BAN VE PIEN TU LA HANH TRANG KHONG THE THIEU PUQC CHO CAC
SINH VIEN CHUYEN NGANH MA CON CO THE LA CONG CU TOT CHO CAN BO VA
SINH VIEN CAC NGANH KHAC LIEN QUAN HAM MUON TiM HIEU KY THUAT TIEN
TIEN. DO PO TAI LIEU DA DUOC CO GANG BIEN SOAN SAO CHO DAM BAO DU
NHUNG NOI DUNG CO BAN NHUNG VAN CAP NHAT PUOC NHUNG VAN BE HIEN PAI
TRONG MOT KHUON KHO HAN CHE. SACH DA PUOC DUNG LAM TAI LIEU GIANG
DAY CHO SINH VIEN BAT DAU HOC VE KY THUAT DIEN TU TRONG CAC NGANH
DIEN TU - VIEN THONG, CONG NGHE THONG TIN, VAT LY KY THUAT, ... THUOC DAI
HOC QUOC GIA HA NOI TRONG NHUNG NAM GAN PAY. DO VAY NHUNG KIEN THUC
TIEN QUYET POI HOI NGUOI POC KHONG NHIEU NGOAI MOT SO HIEU BIET LIEN
QUAN DEN CAC CO SO TOAN HOC VA VATLY.

SACH DUQC CHIA THANH 9 CHUONG. BA CHUONG PAU TOM LUOC NHUNG KHAI
NIEM CO BAN LIEN QUAN PEN TIN HIEU, MACH PIEN VA HE THONG DIEN TU.
CHUONG 4 TRINH BAY VE CAC DUNG CU BAN DAN - LA NHUNG LINH KIEN CHU YEU
CUA KY THUAT PIEN TU HIEN PAI - CONG NHU CAC MACH PIEN TU KHUECH DAI
CO BAN NHAT SU DUNG CAC LINH KIEN NAY. CHUONG 5 TRINH BAY VE CAC MACH
PHAT SONG, MOT THANH PHAN RAT HAY GAP TRONG CAC HE THONG PIEN TU.
CHUONG 6 VA CHUONG 7 DI SAU VAO TIM HIEU KY THUAT DIEN TU PHI TUYEN. DO
LA CAC MACH PIEU CHE, GIAI PIEU CHE, TRON TAN, ... DUNG NHIEU TRONG KY
THUAT THONG TIN, PHAT THANH, TRUYEN HINH, KY THUAT DAN DUONG, V.V...
CHUONG 8 PE CAP TOI MOT LINH VUC GIAP RANH GIUA KY PIEN TU TUONG TU
(ANALOG) VA DIEN TU SO (DIGITAL), PO LA CAC MACH BIEN DOI DIA VA AID. CUOI



CUNG, CHUONG 9 CUNG CAP CHO NGUOI POC KIEN THUC VE MOT SO MACH
NGUON NUOI HE THONG DIEN TU PIEN HINH.
CUON SACH CHAC KHONG TRANH KHOI CAC THIEU SOT, Vi VAY CHUNG TOI MONG
NHAN DUQC Y KIEN DONG GOP CUA BAN POC. CAC Y KIEN XIN GUI VE:
BO MON PIEN TU VA KI THUAT MAY TINH, KHOA PIEN TU - VIEN THONG, TRUONG
DAI HOC CONG NGHE, PAI HOC QUOC GIA HA NOI, 144 DUONG XUAN THUY, QUAN
CAU GIAY, HA NOI.

HOAC
CONG TY CO PHAN SACH DAl HOC - DAY NGHE, TRUC THUOC NHA XUAT BAN GIAO
DUC, 25 HAN THUYEN - HA NOI.

CAC TAC GIA



CHUONG 1
KHAI NIEM CHUNG VE HE THONG PIEN TU

1.1. TIN HIEU, MACH PIEN VA HE THONG PIEN TU

MUC TIEU CUA GIAO TRINH NAY LA NGHIEN COU VE NGUYEN LY KY THUAT
MACH PIEN TU. CU THE LA CAC MACH DPIEN TU TUONG TU. CAC MACH NAY BUGC
THIET KE XAY DUNG TREN CO SO KET NOI CAC LINH KIEN PIEN TU NHU DIEN TRO,
TU DIEN, CUON CAM, CAC DUNG CU BAN DAN, V.V... VGI NHAU. HON NUA, TU CAC
MACH PIEN TUCO BAN, NGUOI TA CO THE TO HOP CHUNG LAI BE TAO NEN CAC HE
THONG DPIEN TU PUOC DUNG CHO MOT HOAC NHIEU MUC DICH NAO PO. LAN
TRUYEN TRONG MACH LA CAC TIN HIEU PIEN, PO LA BIEU HIEN VAT LY CUA TIN
TUC. TRONG CAC MACH DIEN TU, DANG VAT LY CUA TIN HIEU LA DONG DIEN, DIEN
AP, V.V... VA TONG QUAT LA CAC SONG DIEN TU.

VI NHONG LY DO VUA PUGC NEU, TIN HIEU VA MACH DIEN LA HAI KHAU CO
MOI QUAN HE CHAT CHE VA BO SUNG CHO NHAU CAN PUGC CHU TRONG TRONG
VIEC NGHIEN CUU THIET KE XAY DUNG NEN CAC HE THONG DIEN TU. CAC HE
THONG NAY LA KHONG THE THIEU TRONG NHONG UNG DUNG THUOC CONG NGHE
THONG TIN VA TRUYEN THONG HIEN PAL CO THE MO TA DON GIAN MOT HE
THONG PO NHUHINH 1.1 SAU.

Nguén Cam Mach M | Mach Cam Tin dudc
tin bién dién tir Kénh théng tin dien tir bign nhan

HINH 1.1. CAC THANH PHAN TRONG MOT HE THONG DIEN TU.

TIN TUC NHU TIENG NOI, HINH ANH, SO LIEU, V.V... TU NGUON TIN QUA CAC
CAM BIEN PUCGC CHUYEN POI THANH CAC TIN HIEU DIEN TUONG UNG. THI DU KHI
MOT CAM BIEN NHU MICROPHONE PUOC PAT TRUGC MOT NGUOI DANG NOI, HAI
DPAU LOI RA CUA NO SE XUAT HIEN MOT DIEN AP BIEN THIEN CO BIEN PO TY LE
VOI AP SUAT AM THANH. TIN HIEU NAY PUCC PUA TSI LOI VAO CUA MACH PIEN
TUDE GIA CONG, XULY. TRONG TRUONG HOP NAY LA MOT MACH KHUECH DAL CO
TAC DUNG TANG BIEN PO CUA TIN HIEU O LOI VAO CUA MACH (LA LOI RA CUA



MICROPHONE) TU CG MILI-VON LEN HANG VON HOAC VAI CHUC VON PU PE KiCH
MOT BO PHAT CONG SUAT RA LOA. TRONG VAI TRUONG HOP KHAC, MACH DIEN
LAI CO CHUC NANG NHU PIEU CHE TiN HIEU, POI TAN, MA HOA, V.V... NEU CAN
TRUYEN DI XA, TIN HIEU NAY PUJC GUI QUA MOT HOAC VAI KENH THONG TIN.
CAC KENH NAY LA CAC MOI TRUONG TRUYEN SONG DIEN TU, THf DU NHU CAP
PONG TRUC, CAP QUANG HOAC KHONG GIAN XUNG QUANH (TRONG TRUJNG HOP
THONG TIN VO TUYEN). & PAU KIA CUA KENH, MOT MACH PIEN THU CO NHIEM VU
THU NHAN TIN HIEU NAY ROI GIA CONG, XU'LY NO CHO NHONG MUC DiCH NAO
PO, THI DU NHU KHUECH DAL TAI TAO LAI DANG GOC CUA TIN HIEU, GIAI BIEU
CHE, GIAI MA, V.V... TRONG CA HE THONG NHU VAY, NGOAI TIN HIEU NHU TA VUA
NOI, PUGC QUY UGC GOI LA THANH PHAN TiN HIEU CO ICH, HE THONG LUON LUON
CHIU TAC PONG CUA RAT NHIEU NGUYEN NHAN KHAC NHAU LAM ANH HUONG
TGI TIN HIEU. THI DU NHU THANG GIANG CUA CAC BIEN TU NHIET GAY NEN MOT
DONG DIEN CO BIEN PO VA PHA THAY POI NGAU NHIEN GOI LA ON NHIET TRONG
LOI VAO CUA CAC BO KHUECH DAI PIEN TU CO MUC TIN HIEU RAT THAP, CAC
SONG PIEN TU CUA DONG PIEN THANH PHO 50 HZ, CAC XUNG DIEN PHAT RA TU
CAC THIET BI PIEN TRONG PHONG THAM NHAP VAO CAC HE DPIEN TU, V.V... CAC
TAC DONG NAY GOI CHUNG LA NHIEU VA PUGC COI NHU MOT THANH PHAN TIN
HIEU VO [CH. NHIEU PUGC CONG HOAC NHAN VOI THANH PHAN TIN HIEU CO iCH
GAY NEN SUMEO DANG TIN HIEU HOAC LAM TIN HIEU BI NHAN CHIM TRONG NO.
TRONG NHIEU TRUONG HOP, PIEU NAY LAM CHO MACH PIEN THU KHONG THE
PHAT HIEN RA BUOC TIN HIEU CO ICH NEU KHONG CO SU GIA CONG XU LY THICH
HGP. Vi VAY VIEC CHONG LAI CAC CAN NHIEU HAY LAM GIAM ANH HUONG CUA
CHUNG LA MOT TRONG NHUNG NHIEM VU QUAN TRONG CUA THIET KE MACH
DIEN TU:

1.2. CAC PAI LUONG CO BAN CUA TiN HIEU

CAC PAI LUONG PIEN CO BAN TRONG MOT MACH DIEN TU BAO GOM: DIEN
TiCH, PIEN THE, HIEU DPIEN THE, DONG DIEN, TRO KHANG VA CONG SUAT. CAC DAI
LUONG NAY DA PUOC KHAO SAT RAT KY TRONG CAC GIAO TRINH PIEN TUHOC.
PAY CHI NHAC LAI MOT CACH KHAI QUAT CAC DPINH NGHIA VA AP DUNG CHUNG
TRONG CAC MACH DIEN TU.

PIEN TICH LA MOT THUOC TINH CUA VAT CHAT. CAC LOAI VAT LIEU (BAO
HAM CA VAT DAN PIEN HOAC CACH PIEN) PEU PUJC TAO THANH TU CAC NGUYEN
TUTRONG PO CO HAT NHAN VA CAC PIEN TU. TINH CHAT DAN DIEN CUA VAT LIEU



PHU THUOC VAO CAC PIEN TULIEN KET YEU VGI NGUYEN TU. MOI DIEN TUMANG
MOT PIEN TICH BANG 1,6x10"° COULOMB, KY HIEU LA C. COULOMB LA MOT PON VI
PIEN TICH PUGC CHUAN HOA VA NHU VAY NO TUGNG DUONG VOI TONG PIEN TICH
CUA €O 6,25x10' BIEN TU. CAC PIEN TICH TRONG TU NHIEN CO GIA TRI BANG SO
NGUYEN LAN DIEN TiCH CUA MOT DIEN TU. BIEN TICH CUA DPIEN TU BUGC QUY
U6C €O DAU AM (-), DO VAY DIEN TICH CUA HAT NHAN NGUYEN TU CO DAU
DUONG (+).

SUTON TAI CUA CAC PIEN TICH CO THE PUGC PHAT HIEN QUA SU TUONG TAC
LUC GIUA CHUNG. LUC TUONG TAC bO bUOC XAC PINH NHU SAU:

F =FE (QI’ QZ rR) +FM (QI! VI’ QZ! VZ’ R)

TRONG PO F, LA LUC TINH BIEN PHU THUOC VAO VI TRI CUA CAC DIEN TICH,
F, LA LUC TU PHU THUOC VAO VI TRI VA CHUYEN PONG CUA CAC
DIEN TICH;

0, VA 0, LA GIA TRI TUONG UNG CUA HAI DIEN TICH, V, VA V, LA VAN
TOC CHUYEN DPONG CUA 2 DIEN TiCH VA R LA KHOANG CACH GIUA
CHUNG.

NANG LUONG TRAO POI GIUA CAC PIEN TiCH SE SINH RA LUC PIEN. LUC NAY
GAY NEN CHUYEN PONG CUA CAC DIEN TICH VA SINH RA CONG.

PIEN THE vV, TAI MOT DIEM X TRONG KHONG GIAN LA CONG PHAI THUC HIEN
PE PUA MOT PON VI BPIEN TICH TU VO CUNG PEN BIEM PO. NEU MOT PIEM ¥ KHAC
CO PIEN THE LA V, THI HIEU SO PIEN THE GIUA 2 BIEM X VA Y GOI LA PIEN AP
GIUA HAI BIEM PO, CO THE PUGC KY HIEU LA Uy, DIEN AP NAY PUGC QUY UGC LA
DUGNG NEU PIEM X CO DPIEN THE DUONG SO VOI BPIEM ¥ VA NGUOC LAL TUC LA:

Uy =—Uyx

THEO PINH NGHIA TREN, NEU GOI A LA CONG DO LUC PIEN SINH RA DE
CHUYEN LUONG DIEN TiCH Q BI TUDIEM X DEN Y THI HIEU THE U BANG:

A

U,
-0

TRONG SO PO MACH DIEN, THUONG BO QUA CAC CHI SO KEP VA THUONG VIET
PIEN AP SO VGI MOT PIEM PUGC CHON LAM PIEM GOC NHU THI DU VGI PIEM Z
SAU:



U,=5V, U,=7V - VIET: U,=5V VA U,=7V VICOIDPIEN THE O PIEM GOC
ZLAOV.

KHI DO NOI BIEN AP 3 MOT PIEM NAO PO CO NGHIA LA PIEN THE CUA PIEM
PO SO VOI GOC CHUNG.

DONG PIEN LA LUONG DPIEN TICH CHUYEN DOI QUA DAY DAN HAY QUA CAC
PHAN TU CUA MACH PIEN TRONG MOT PON VI THOI GIAN (DONG DIEN DAN) HAY
CO KHI CHI LA SU BIEN THIEN CUA PIEN TRUONG THEO THOI GIAN (DONG DIEN
DICH). CHIEU CUA DONG DIEN TRONG MACH PUOC QUY UGC CHAY TUNOI CO PIEN
THE CAO (+) TOI NOI CO DPIEN THE THAP (-). DO PINH NGHIA NHU VAY DONG DIEN /
TREN MOT DOAN MACH CO LUONG DIEN TiCH Q CHUYEN QUA TRONG THOI GIAN T
SE LA:

;2
t

CONG SUAT LA CONG MA DONG DIEN SAN RA TREN POAN MACH TRONG MOT
PON VI THOI GIAN. DO PO CONG SUAT P DUGC SINH RA BOI DONG DPIEN 7 KHI CHAY
GIUA 2 PIEM CUA DOAN MACH CO DIEN AP DAT VAO U SE LA:

cong _ _cong dién tich _ ﬁx 0

thoi gian  diéntich thoi gian Q ¢

TRONG THUC TE CON TINH PEN CONG SUAT TRUNG BINH TRONG MOT
KHOANG THOI GIAN T DA CHO. GIA TRI NAY GOI LA CONG SUAT HIEU DUNG VA
BANG:

T
1
P,:-_"Ptdt
eff TO ()

1.3. CAC PHAN TU THUC VA PHAN TU LY TUGNG CUA MACH PIEN

PHAN TICH QUA TRINH XAY RA TRONG MACH DPIEN LA PHAI TIM PUOC CAC
GIA TRI VA DANG CUA DONG DIEN HOAC PIEN AP TREN CAC PHAN TU, LINH KIEN,
POAN MACH, V.V... TRONG MOT TRUONG HOP NAO PO. CAC PHAN TU TRONG MACH
PIEN THUC TE LA CAC PHAN TUTHUC. CHUNG BAO GOM CA CAC THONG SO CHINH
VA CAC THONG SO KY SINH. PE RO KHAI NIEM NAY TA HAY LAY MOT THi DU VE
MOT DPIEN TRG DUGC CHE TAO BANG CACH QUAN DAY CO PIEN TRG SUAT CAO
(NHU CONSTANTAN) LEN MOT ONG SU CACH PIEN NHU HINH VE 1.2.A. VI DPOAN
DAY CONSTANTAN BUJC CUON TREN LOI SUTHEO DANG LO XO RUOT GA DA TAO
NEN MOT CUON DIEN CAM CO GIA TRI PIEN CAM TUY RAT NHO L,,, CO KHI CHI €5

4



PHAN MUOI uH (107 H), NHUNG VAN KHAC KHONG. CHI SO kS VIET TAT TU CHU "KY
SINH" CO NGHIA LA PHAN TU TAP TAN, NHO SO VGI GIA TRI BINH THUONG. MAT
KHAC, CAC VONG DAY PUGC CUON SAT NHAU NHUNG CACH PIEN VGI NHAU PA
TAO NEN CAC BAN TU KY SINH MA TONG DIEN DUNG CUA CHUNG TUY RAT NHO,
CHI O IPF (10" F), NHUNG VAN KHAC KHONG. NHU VAY, MOT CACH CHINH XAC
SO PO THUC CUA CAI BIEN TRG KHONG CHI DPON THUAN CO PIEN TRO R CUA DOAN
DAY CONSTANTAN NHUTRONG SO PO LY TUONG 6 HINH 1.2.C MA CON PHAI THEM
VAO MOT CUON CAM Ly, MAC NOI TIEP VOI NO VA MOT TU PIEN Cys MAC SONG

SONG VOI CA HAI NHUHINH 1.2.B.

Doan day
constantan c6 dién
trd bang R

] % R I—ks R
Ong sir cach dién A N oB ~ | 1+
— I
A B T c

(A) ®) ©

HINH 1.2. PHAN TUTHUC VA LY TUONG.

NHU VE SAU SE THAY, GIA TRI TRG KHANG CUA CAC PHAN TUKY SINH NAY
PHU THUOC VAO TAN SO. DO PO KHI PHAN TiCH MACH PIEN CHUA CAC PHAN TU
HOAT PONG THUC TE G MOT DAI TAN SO KHONG QUA DAC BIET THI THUONG
NGUOI TA DON GIAN HOA, COI CAC PHAN TUCUA MACH LA LY TUONG, TUC LA GIA
TRI CUA CAC THONG SO KY SINH BANG KHONG. TUC LA PHAI DAM BAO RANG GIA
TRI CUA CAC THONG SO KY SINH TRONG DAI TAN SO TIN HIEU HOAT PONG PO LA
PU NHO PE CO THE BO QUA SO VOI THONG SO CHINH, SAO CHO KET QUA PHAN
TICH LA CHAP NHAN PUGC. THI DU VOI CAI PIEN TRG THONG THUONG PUJC CHE
TAO NHUHINH 1.2.A CO GIA TRI BIEN TRG CG 1.000 Q THI CO THE THIET KE CHO SU
DUNG TRONG CAC MACH DPIEN KHUECH DAI TRONG DAI TAN SO AM THANH VAI
CHUC KHZ TRG XUONG MA KHONG CAN QUAN TAM TGI CAC GIA TRI PIEN CAM VA
PIEN DUNG KY SINH CUA NO. TRONG KHI bO NEU PHAI THIET KE MOT MACH DIEN
KHAC HOAT DONG G DAI TAN SO RAT CAO C3 VAI CHUC GHZ NHU TRONG KY
THUAT RA-DA THI KHONG THE KHONG TiNH PEN CAC THONG SO KY SINH NAY KHI
THIET KE MACH NEU VAN MUON DUNG PEN NO MA KHONG MUON THAY BANG
CAC PIEN TRG PUOC CHE TAO PAC BIET CO CAC THONG SO KY SINH NHO HON
NUA.



DO PUGC KHAO SAT TRONG DAI TAN SO KHONG QUA CAO, NHONG LINH KIEN
PUOC PE CAP TGl TRONG PHAM VI GIAO TRINH NAY THUOC LOAI CAC PHAN TU
PUQC COI LA LY TUONG.

1.4. MACH PIEN, HE THONG PIEN TU VA CAC LOAI SO PO CUA NO

PE THUC HIEN MOT MUC DICH NAO PO, NHA THIET KE PHAI TAP HGP MOT SO
LINH KIEN DIEN TU VOI NHAU VA LIEN KET CHUNG LAI VE PHUONG DIEN DIEN DE
TAO THANH CAC MACH DIEN TU. CAC LINH KIEN NAY CO THE LA NHONG LINH
KIEN CO BAN NHU DIEN TRO, TU DIEN, CUON CAM, CAC NGUON THE HAY NGUON
DONG. CHUNG CUNG CO THE LA NHONG CAM BIEN HAY CAC PHAN TU TiCH CUC
PHUC TAP HON NHU TRANSISTOR HAY VI MACH. NOI CAC LINH KIEN VOI NHAU CO
NGHIA LA LIEN KET CAC LOI VAO HAY LOI RA CUA CHUNG BANG CAC DAY DAN MA
TRONG DIEU KIEN LY TUONG COI NHU CO DIEN TRG DAY BANG KHONG.

BIEU HIEN BANG BAN VE CUA CAC MACH HOAC HE THONG DIEN TULA CAC SO
DO MACH. CACH TRINH BAY NHUHINH 1.1 GOI LA SO PO KHOI CUA HE THONG DIEN
TUHAY TRONG TRUONG HOP KHAC LA CUA MACH DIEN TU. HINH 1.3.A TRINH BAY
THI DU VE MOT SO O NGUYEN LY CUA MOT MACH DIEN BAO GOM CAC LINH KIEN
NHU TRANSISTOR, DIEN TRO, TU PIEN VA CAC DAU NOI LOI VAO (INPUT), LOI RA
(OUTPUT). HINH 1.3.B LA SUTHE HIEN TREN THUC TE CUA MACH NAY, PO LA MOT
BAN MACH GOM CAC PHAN DAN DIEN BANG DONG PUGC PHU TREN 2 MAT MOT
MIENG PHIP CACH PIEN, GOI LA BAN MACH LAP RAP. TRONG TRUONG HOP NAY BAN
MACH CON GOM CAC LO PE CAM CHAN CAC LINH KIEN VOI CONG NGHE XUYEN
LO. HIEN NAY CON CO CONG NGHE LAP RAP CAC LINH KIEN LEN BAN MACH GOI
LA CONG NGHE GAN BE MAT, TRONG PO CAC CHAN LINH KIEN DUJC HAN NGAY
LEN MOT BE MAT CHUA NO (BANG THIEC HAN HAY CHAT KEO DAN DIEN) CHU
KHONG CAN CAM XUYEN QUA LO VA HAN CHAN 6 BE MAT KIA NHU CU. VGI CONG
NGHE GAN BE MAT HIEN NAY NGUOI TA CO THE THIET KE CHE TAO CAC BAN
MACH IN CO NHIEU LGP, MOI LGP CHUA CAC DUONG DAY NOI THAM CHi CA LINH
KIEN PUOC TIEU HINH HOA TREN NO. CONG NGHE NAY CHO PHEP GIAM NHO KICH
THUGC BAN MACH IN DI RAT NHIEU. BAN MACH LAP RAP PUOC THUC HIEN DUA
TREN BAN VE CUA NO PUGC GOI LA SO pO LAP RAP. HINH 1.3.C LA ANH CHUP BAN
MACH LAP RAP PA PUJC CAM CAC LINH KIEN TREN PO. HINH 1.4 LA THf DU PON
GIAN SO SANH 2 CONG NGHE GAN CAC LINH KIEN BPIEN TULA: CONG NGHE XUYEN
LO VA CONG NGHE GAN BE MAT.



HINH 1.3. A) SO PO NGUYEN LY MACH DIEN. B) BAN MACH LAP RAP.
C) HINH ANH BAN MACH CO LINH KIEN bUOC LAP RAP TREN PO.

(a)

Hinh 1.4. Hai cong nghé
ldp rép linh kién 1én ban
mach in:

a) Cong nghé xuyén 106,

b) Cong nghé gin bé mait. )

Keo dan dién

CHUONG 2

A1 . Linh kién
Chan linh kién i

Phip cach dién

Lép day dan

déng L6 xuyén

Thiéc han

Linh kién Keo dan dién

L&p cach dién 1

L&p cach dién 2

TIN HIEU VA CAC PHUONG PHAP PHAN TICH



TRONG KY THUAT PIEN TU, DANG VAT LY CUOI CUNG CUA TIN HIEU LA CAC
SONG PIEN TU (G CAC KHAU TRUNG GIAN NO CO THE & CAC DANG KHAC NHU
PIEN, TU, V.V..). TUPAY KHI NOI PEN TIN HIEU TA QUY UGC HIEU NGAM LA TiN
HIEU PIEN, SONG PIEN. NOI CHUNG TIN HIEU LA LUONG VAT LY BIEN THIEN THEO
THOI GIAN NEN VE MAT TOAN NO THUONG PUGC BIEU DIEN BANG MOT BIEU THUC
HAY PO THI PHU THUOC THEO THOI GIAN. THi DU: VOI TIN HIEU NOI CHUNG: S =
S(T), VOI BIEN AP: U = U(T), VOI DONG DIEN: I = [(T) VA VOI TU THONG: ¢ = ¢(T),
V.V...

2.1. TIN HIEU PUGC BIEU DIEN THEO THOI GIAN

2.1.1. CAC TiN HIEU TUAN HOAN VA KHONG TUAN HOAN PIEN HINH

NEU QUA CAC KHOANG THOI GIAN T NHAT DINH, CAC GIA TRI BAT KY CUA TIN
HIEU LAI LAP LAI NHU TRUGC THI TIN HIEU DO GOI LA TUAN HOAN. BIEU THUC
CUA TIN HIEU TUAN HOAN S(T) LA MOT HAM TUAN HOAN VOI CHU KY T NHU SAU:

S(T)=S(T +T) (2.1)

NEU MOT TIN HIEU KHONG TIM PUOC GIA TRI HOU HAN CUA T THOA MAN
BIEU THUC (2.1) HAY NOI CACH KHAC T—> «, TA CO TIN HIEU KHONG TUAN HOAN.
RO RANG TIN HIEU TUAN HOAN CHI LA MOT TRUU TUONG TOAN HOC Vi BIEU THUC
(2.1) PHAI THOA MAN VOI MOI T TU —oo<t<+w. TUY NHIEN NEU KHOANG THOI
GIAN TON TAI TIN HIEU BU DAI HON CHU KY TIN HIEU NHIEU THI €O THE COI TIN
HIEU DO LA TUAN HOAN. THI DU, KHI PONG ROI NGAT MOT DONG DIEN HINH SIN
TRONG MANG DIEN THANH PHO CO TAN SO S0HZ QUA MOT BONG PEN THUC TE TA
CHI cO bUGC MOT POAN TIN HIEU TRONG KHOANG THOI GIAN HUOU HAN TU KHI
PONG PEN KHI NGAT CONG TAC. TUY NHIEN NEU POAN TiN HIEU PO, CUNG CHINH
LA THOI GIAN QUAN SAT LA 1 GIAY bU DAI SO VOI CHU KY DONG DIEN T = 1/ 50 =
0,02 GIAY THI TA CO THE COI PAY LA QUA TRINH TUAN HOAN.

TA HAY XET 2 LOAI TIN HIEU TUAN HOAN VA KHONG TUAN HOAN DIEN HINH
NHAT LA DAO PONG PIEU HOA VA XUNG DON V.

DAO PONG PIEU HOA CO TAN SO F BUOC BIEU DIEN BANG BIEU THUC:

S(T) = A COS (aT — @) (2.2)



TRONG PO A LA BIEN PO, o LA TAN SO GOC As®)

BANG 27F VA ¢ LA PHA BAN DAU (HAY DICH AT T

PHA) CUA S(T). HINH 2.1 LA PO THI THOI GIAN 0 / /\ /\ ‘
CUA DAO PONG PIEU HOA. RO RANG DAO \/ 0 ot
PONG NAY LA MOT TIN HIEU TUAN HOAN CO AL\ \

CHUKYT =27 o. HINH 2.1. TIN HIEU DIEU HOA.

XUNG PON VI HAY HAM DI-RAC PUOC PINH NGHIA NHU SAU:

0 t#0 . ¢
5(1) = \(e)i I S(t)dt ~ 5(t)dt =1 (2.3)
) t=0 .
HINH 2.2. LA BIEU DIEN PO THI CHO XUNG $ 50

PON VI. TA CONG THAY RANG DAY LA LOAI
TIN HIEU KHONG TUAN HOAN DAC BIET VA
CONG LA MOT TRUU TUONG TOAN HOC,
KHONG TON TAI TRONG THUC TE. - =

TU TIN HIEU XUNG DON VI, NGUOI TA SUY
RA MOT TIN HIEU PAC BIET KHAC THONG
DUNG HON LA TIN HIEU NHAY BAC PON VI 1(T), PUOC DINH NGHIA NHU SAU:

HINH 2.2. TIN HIEU XUNG DON VL

t<0

( 0
I(1)= I S(t)dt = {1 ) 2.4)

HINH 2.3.A LA BIEU DIEN DO THI
CUA TIN HIEU NHAY BAC PON VI VA @ 1
HINH 2.3.B LA MOT THi DU UNG DUNG

A1(t)

CUA NO TRONG VIEC MO TA QUA N b o

TRINH PONG MACH PIEN MOT TIN Y —

HIEU PIEU HOA 6 MOT THOI PIEM T = (b ,’T\

T, NAO DO NHU SAU: NE /," N \/ >t
N_”

I(t)=1(t—t, )], cos(wt—¢)
N . ) HINH 2.3. A) HAM DBON VI. B) MO TA QUA
DAN GIATRA TA CO: TRINH DPONG DONG DIEN PIEU HOA TAI THOI

DIEM T,.

0 khit <0
I(t) = . (2.5)
Iycos(ot—¢p) khit>t,



2.1.2. TIN HIEU XAC PINH VA TIN HIEU NGAU NHIEN

TIN HIEU LA XAC PINH (QUYET BINH) KHI BIEU THUC GIAI TICH HAY PO THI
THOI GIAN CUA NO LA HOAN TOAN BIET TRUGC. PIEU PO CO NGHIA LA GIA TRI
CAC THONG SO CUA TIN HIEU HOAN TOAN CO THE XAC DINH CHINH XAC TAI MOT
THOI BPIEM BAT KY. NHONG TIN HIEU NAY BUOC COI LA TiN HIEU CO [CH.

TIN HIEU NGAU NHIEN LAI KHAC, GIA TRI CUA NO TAI TUNG THOI BIEM
KHONG THE XAC PINH CHINH XAC PUOC MA CHI CO THE BIET NO NAM TRONG
MOT KHOANG NAO PO VOI MOT HAM PHAN BO XAC SUAT. CHUYEN PONG NHIET
CUA CAC DPIEN TU TRONG VAT DAN GAY NEN NHONG THANG GIANG DIEN NGAU
NHIEN LA MOT THI DU. CHUYEN DONG PO TAO RA DONG DIEN NGAU NHIEN CO
GIA TRI BIEN PO €O DUSI A TRONG VAT DAN GOI LA DONG ON (NOISE). DONG
PIEN NAY BUOC COI LA MOT TIN HIEU NGAU NHIEN VO [CH TRON LAN VGI DONG
PIEN TIN HIEU XAC PINH VA KHI bO LON TIN HIEU €O ICH CUNG BAC VOI ON, TA
SE GAP KHO KHAN CHO VIEC NHAN BIET NO KHI KHONG BUOC XU'LY CAN THAN.
CAC NGUON PHAT SONG TU CAC THIET BI KHAC XUNG QUANH MACH DIEN TU
COUNG GAY NEN NHONG KiCH PONG NGAU NHIEN TAC PONG LEN MACH GOI LA
CAN NHIEU. CAC CAN NHIEU NAY BAO GOM CA NHONG THANG GIANG VE NHIET
PO, PO AM, AP SUAT MOI TRUONG, V.V...

NEU MUON XU'LY DE NHAN BIET, TACH RA TIN HIEU XAC DINH TREN MOT NEN
ON LON THI PHAI NAM RO BAN CHAT CUA CA HAI LOAI TIN HIEU XAC DINH VA TIN
HIEU NGAU NHIEN NAY.

2.1.3. TIN HIEU TUGNG TU VA TIN HIEU SO
TIN HIEU KHI PUGC BIEU DIEN THEO THOI GIAN CO THE PUOC PHAN LAM 4
LOAI SAU:

1. TIN HIEU TUONG TU (ANALOG SIGNAL) LA TIN HIEU CO BIEN PO CO THE
BIEN THIEN LIEN TUC THEO THOI GIAN. NOI CACH KHAC BIEN PO VA THOI GIAN
CUA TIN HIEU TUONG TULA LIEN TUC.

2. TIN HIEU ROT RAC LA TIN HIEU CO BIEN THOI GIAN ROI RAC, TUC LA BIEN
PO CHI PUGC XAC DPINH TAI NHONG THOI PIEM ROI RAC NHAT PINH CUA THANG
THOI GIAN. CAC GIA TRI BIEN PO CUA TIN HIEU TRONG TRUONG HOP NAY CHI
PUGC XAC PINH TAI CAC THOI DIEM ROIRAC T, T, ..., Ty. TA CO THE THU PUOC TIN
HIEU ROI RAC BANG VIEC LAY MAU TIN HIEU TUOGNG TU.
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3. TIN HIEU PUOC LUONG TU HOA LA TIN HIEU TUONG TU NHUNG CO BIEN
PO PUGC ROI RAC HOA THEO MOT SO MUC HUU HAN. VOI MOT THOI BIEM BAT KY
NAO PO, BIEN PO TIN HIEU CO THE NAM GIUA 2 MUC LIEN KE NHUNG BI BUOC GAN
CHO CHI MOT MUC MA THOI (THI DU MUC THAP HON) VI TIN HIEU LUONG TU HOA
SE LUON CHI €O MOT SO HUU HAN GIA TRI ROI RAC CAC BIEN DO.

4. TIN HIEU SO (DIGITAL SIGNAL) LA TIN HIEU PUOC ROI RAC HOA THEO
THOI GIAN VA PUGC LUGNG TUHOA VE BIEN PO.

2.1.4. QUA TRINH QUA PO VA QUA TRINH DUNG

QUA TRINH QUA PO CUA MOT TIN HIEU NAM TRONG KHOANG THOI GIAN MA
BIEN PO HOAC DANG TIN HIEU CON CO e
NHONG POT BIEN LON TRONG KHI QUA | . o h | VTR _
TRINH DUNG NAM TRONG KHOANG THOI /\ /\ /\ /\ /\ [\ [\ [\ /\ [\
GIAN MA THONG SO CUA TIN HIEU DA TRO 4 \/ U U \/
NEN ON DPINH. HINH 2.4 CHO TA HINH ANH .
CUA QUA TRINH QUA PO VA QUA TRINH o
DUNG CUA MOT SONG SIN CO BIEN pO TANG  HINH 2.4. QUA TRINH QUA PO VA QUA
NHANH TSI MOT GIA TRI ON BINH. KHOANG TRINH DUNG.
THOI GIAN TUT, PEN T, LA QUA TRINH QUA PO VI BIEN PO CUA SONG CON DANG
€O POT BIEN TANG. CON KHOANG THOI GIAN TU 7, TRO PI CO THE COI LA QUA
TRINH DUNG V1 BIEN PO CUA SONG SIN DA TRGO NEN ON DINH.

=]
—

< >t,

2.1.5. CAC GIA TRI PO CUA TIN HIEU THEO THOI GIAN

TUBIEU THUC CUA TIN HIEU THEO THOI GIAN TA RUT RA MOT SO GIA TRI PO
CUA NO THUONG PUGC SUDUNG NHU SAU:
1. GIA TRI TRUNG BINH CUA TIN HIEU TRONG KHOANG THOI GIAN 7 TU' T,
DEN T, + 7 LA:
o+
S(1) = % j s(t)dt 2.6)

Iy
VOI HAM TUAN HOAN, TRUNG BINH TRONG SUOT TRUC THOI GIAN (TU -0 DEN
+00) BANG TRUNG BINH TRONG MOT CHU KY TiIN HIEU.

2. CONG SUAT TUC THOI CUA TIN HIEU LA BINH PHUONG CUA TIN HIEU BO
SXT). DO VAY CONG CUA TIN HIEU SINH RA TRONG KHOANG THOI GIAN 1 LA:
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to+7
E, = Isz(t)dt .7)
fo
3. CONG SUAT TRUNG BINH LA GIA TRI TRUNG BINH CUA CONG SUAT TUC
THOI TRONG THOI GIAN TON TAL:
1 to+T
Po=s(t)=— jsz(t)dt 2.8)
T

ly

4. GIA TRI HIEU DUNG CUA TIN HIEU CHINH BANG PO LON CUA TIN HIEU
MOT CHIEU DC SAN RA CUNG MOT CONG SUAT NHU TiN HIEU DANG XET:

— - ] ttT 5
Sha =\/Céng sudt trung binh = _|— [ s°(t)dt 2.9
T t()

THI DU, VOI TIN HIEU DIEU HOA HINH SIN CO: GIA TRI TRUNG BINH TRONG 1

CHU KY LA BANG 0 VA GIA TRI HIEU DUNG LA BANG % ~ 0,7 BIEN DO SONG SIN.
2

5. DAI PONG CUA TIN HIEU LA TY SO CAC GIA TRI CUC DAI VA CUC TIEU
CUA CONG SUAT TUC THOI CUA TIN HIEU. THONG SO NAY BUOC PO BANG PON VI
DE-CI-BEN:

2
D,, = 10l0g - Puec = 2015g 5 Vnas

2.10
S (0) i S(t), (210

2.2. TIN HIEU PUGC BIEU DIEN THEO MIEN TAN SO

TRONG THUC TE NGOAI CACH BIEU DIEN TiN HIEU THEO MIEN THOI GIAN NHU
NOI TREN CON €O THE BIEU DIEN TiN HIEU THEO MOT HAM PHU THUOC TAN SO.
XUAT PHAT DIEM VE MAT TOAN HOC CUA VIEC NAY LA CO THE PHAN TiCH MOT
HAM SO RA THANH MOT CHUOI VO HAN CAC HAM TRUC GIAO NEU HAM CAN PHAN
TICH THOA MAN DIEU KIEN DIRICHLET. O LA HAM PHAI GIGI NOI, TRONG MOT
CHU KY €O MOT SO XAC BINH CUC PAIL CUC TIEU VA MOT SO XAC PINH DIEM
GIAN DOAN. CAC HAM SO BIEU DIEN CAC SONG TiN HIEU THUC TE PEU THOA MAN
PIEU KIEN NAY. MOT HAM TRUC GIAO THUONG DUNG LA HAM MU A0
" = cosnat + j sinnat . TUDAY DAN DEN VIEC CO THE BIEN DOI MOT HAM SO BIEU
DIEN TIN HIEU THEO THOI GIAN THANH MOT TONG VO HAN CAC HAM DIEU HOA
VOI CAC TAN SO KHAC NHAU GOI LA PHO FOURIER CUA TiIN HIEU.

12



2.2.1. PHO FOURIER CUA TIN HIEU TUAN HOAN

TUCO SO NOI TREN, MOT TiN HIEU TUAN HOAN VOI CHU KY T, TAN SO GOC o=
24/ T, PUGC BIEU DIEN BANG HAM THOI GIAN S(T) CO THE PUOC PHAN TICH TAI
THOI PIEM T, THANH TONG CUA VO SO CAC HAM MU PHUC NHU SAU:

s inc,t
s(t)= YA, e"”
n=—o0

2.11)

] to+T Cinant
Trongdé A, =? [ s(t)e "

Ty

CAC BIEU THUC NAY GOI LA CACH BIEU DIEN PHUC THEO CHUOI FOURIER CUA
TIN HIEU S(T).

TRIEN KHAI RA TA CO:

s(t)= A, + Z(Anejnwf + A_ne‘j’”"’)= A4, + Z:[(A,7 + A, )cosnat+ j(4,— A, )sinnot]
n=1 n=1
tg+T

P 1 . s XA . B
TRONG bO A, = T j.s(t)e’""”dt LA SO LIEN HOP PHUC CUA A,,.

ty
NEU DAT:
to+T

a,=4,+A4, 2% J.s(t)cosna)tdt
‘o (2.12)

to+T

b, =j(4, - A_,,)=% J-s(t)sinna)tdt

ty
TASE CO:
s(t)=A,+ Z(an cosnwt+b, sin na)t)

n=l1
to+T

véi AO:% Is(t)dt

fy

(2.13)

VIET DUGI DANG GON HON TA SE PUOC CACH BIEU DIEN THUC THEO CHUOI
FOURIER CUA TIN HIEU S(T):
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s(t)= A4, +ZC,, cos(na)t—(p,,)
n=1
1 to+T
voi Ay = js(t Jdt
o (2.14)
b
C,=+a’ +b’ @, = arcig—"-
aﬂ
to+T ) to+T
a, = Is(t)cosna)tdt b, =7 Is(t)sinnwtdt
ty ly

G PAY, N LA SO NGUYEN DUGNG VA T, LA MOT THOI BIEM NAO PO, THUONG
PUOC CHON BANG 0.

BIEU THUC 2.14 NOI LEN RANG MOT TIN HIEU TUAN HOAN BAT KY BEU CO THE
PUOC PHAN TICH THANH TONG CUA TIN HIEU MOT CHIEU (4, LA TRI TRUNG BINH
CUA TIN HIEU) VA VO SO CAC TIN HIEU PIEU HOA PON GIAN CO BIEN PO VA DICH
PHA (Cy, ¢y) KHAC NHAU VA TAN SO LA BOI CUA NHAU.

VOI N =1, TAN SO 1o = @, PUGC GOI LA TAN SO CO BAN VA SONG CO TAN SO
NAY GOI LA HOA BA BAC MOT. CAC SONG CO TAN SO LA BOI SO CUA NO (Nw,) PUGC
GOI TUONG UNG LA CAC HOA BA BAC CAO.

VIEC PHAN TICH NAY MANG MOT Y NGHIA THUC TE LA: THAY VI PHAI XET
MOT DAO PONG TUAN HOAN PHUC TAP TA CO THE XET CAC DAO PONG DIEU HOA
DON GIAN HON TAO NEN NO.

THI DU HINH 2.5 CHO THAY MOT DAO PONG TUAN HOAN PHUC TAP PUGC PHAN
TICH THANH TONG CUA THANH PHAN MOT CHIEU CUNG 2 DAO PONG PIEU HOA
CO TAN SO GAP BA NHAU, CO BIEN
PO VA PHA BAN DAU KHAC NHAU. fa  Daodens SR
TA THAY TIN HIEU S(T) CO THE ZZ/\ e te‘"’\/-\/\ \ /\

PUCC BIEU DIEN BOI TONG CUA 29 AN -
vO SO CAC HAM DIEU HOA MA
MOI HAM NAY LAI BUJC XAC
DINH BOI CAC CAP THONG SO Cy
VA @y PHU THUOC VAO TAN SO.
VAY €O THE DUNG CAC CAP NAY
PE BIEU DIEN CHO TiN HIEU THEO MIEN TAN SO HOAN TOAN TUONG PUONG VOI

Hoa ba bac 3

Hoa ba bac 1 —

HINH 2.5. PHAN TICH DAO DONG TUAN HOAN
THANH CAC THANH PHAN TRONG CHUOI FOURIER.
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CACH VIET BIEU THUC GIAI TICH CUA TIN HIEU NAY THEO MIEN THOI GIAN. CACH
BIEU DIEN NHU VAY GOI LA BIEU DIEN THEO PHO TAN SO.

NEU BIEU DIEN KET QUA PHAN TiCH TREN TAI MOT PO THI VOI CAC GIA TRI
TAN SO @, TREN TRUC HOANH, THI TAP HOP CAC VACH SONG SONG VOI TRUC
TUNG CO CHIEU DAI TUGNG UNG VOI GIA TRI BIEN PO CAC HOA BA Cy GOI LA PHO
BIEN PO- TAN SO HAY THUONG GOI TAT LA PHO BIEN PO CUA TIN HIEU TUAN
HOAN S(T). TUONG TU NHU VAY, MOT TAP HOP CAC VACH SONG SONG VOI TRUC
TUNG CO CHIEU DAI BANG —¢, PUOC GOI LA PHO PHA CUA TIN HIEU TUAN HOAN
S(T).

TRONG THI DU TREN TA SE CO HAM SO BIEU DIEN TiN HIEU TUAN HOAN PUGC
PHAN TICH THANH 3 SO HANG: THANH PHAN MOT CHIEU CO BIEN PO BANG 2, HOA
BA BAC MOT CO BIEN PO BANG C, = 2,5 VA TAN SO CHUAN HOA BANG @, NAO PO,
HOA BA BAC BA CO BIEN PO BANG C, = 1 VA TAN SO BANG 3@, TRONG TRUONG
HOP NAY CAC HOA BA CON LAI BANG 0. PHO BIEN BO VA PHO PHA CUA NO BUGC
CHI RA TREN HINH 2.6.

4 C, A0,
c, + /2] 0,

a /2

Wy

3y ®

- /2

P4

HINH 2.6. PHO BIEN DO VA PHO PHA CUA TIN HIEU TRONG HINH 2.5.

NHU VAY, TIN HIEU TUAN HOAN LA TAP HOP CAC VACH CO PO LON KHAC
NHAU VA KHOANG CACH TREN THANG TAN SO GIUA HAI VACH LAN CAN LA BANG
24/ T. TA NOI RANG TIN HIEU TUAN HOAN CO PHO VACH ROl RAC. VE MAT LY
THUYET, SO VACH PHO CUA MOT TIN HIEU TUAN HOAN §(T) CO THE LA VO HAN.
TUY NHIEN DA SO CAC TRUONG HOP TRONG THUC TE KHI N TANG TOI MOT GIA TRI
NAO PO THI BIEN PO Cy GIAM KHA NHANH VA TOI MOT MUC PO NAO PO CO THE
BO QUA. DO PO, CO THE COI PHO CHI HAN CHE TRONG MOT KHOANG TAN SO HOU
HAN. KHOANG TAN SO NAY GOI LA BE RONG PHO CUA TIN HIEU.

2.2.2. PHO FOURIER CUA TIN HIEU KHONG TUAN HOAN

15



NEU COI TiN HIEU KHONG TUAN HOAN LA TiN HIEU TUAN HOAN CO CHU KY T
TIEN TGI VO CUNG THI TA €O THE TINH PUGC PHO FOURIER CUA NO. TRUGC TIEN
HAY CHI XET S(T) TRONG KHOANG THOI GIAN MOT CHU KY, GIA THIET BANG (-T2,
7/2), SAU PO SE MG RONG KHOANG NAY RA SUOT THANG THOI GIAN, NGHIA LA
CHO T—». CONG THUC (2.11) PUOC VIET LAI CAN LAY TONG:

S(t) _ ZAnejna)()t
A (2.15)

T/2

A =— Is t)e "t
n T ( )
-T/2

KHI T— o, SE CO CAC GIOI HAN SAU: 27” —do, no—>o, A, - A(w), LUCDO

Ay TRO THANH:

+7/2 +00
Ao)=lim—— 2T J-S(t Je gy =| _[s(z Je i dt deo
T 27x T 2z
-T/2 —o0
NEU TICH PHAN TRONG MOC VUONG HOI TU THI A(w) SE LA MOT SO VO CUNG
NHO, LUC PO DAT:
S(w) = L]:Os(t)e_j“”dt
27 | (2.16)
saocho A(w)=S(w)dw
S(®) GOl LA MAT PO PHO PHUC HAY PHO PHUC CUA TIN HIEU KHONG TUAN
HOAN S(T).
PEN DAY HAM S(T) CONG TIEN TOI GIOI HAN LA:

— Ji Jnaot — Jjor
s(t) = lim :Z_OOAne IS(w)e do

—00

VIET LAI 2 KET QUA TREN TA CO CAP BIEN BOI FOURIER CUA TiN HIEU KHONG
TUAN HOAN NHU'SAU:

s(t) = J' S(w)e’™ daw
- @.17)
S(w)= 2i Is(t )i dt
V4

CONG THUC DUOGI LA BIEN BOI THUAN CON CONG THUC TREN GOI LA BIEN POl
NGUOC.
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VE MAT VAT LY, CAP BIEN POI FOURIER CHI RA RANG TIN HIEU S(T) CO THE
COI LA TONG CUA VO SO DAO PONG PIEU HOA CO TAN SO BIEN THIEN LIEN TUC
TREN SUOT TRUC TAN SO (TU -0 DEN +w) VGI BIEN PO VO CUNG NHO PHAN BO

TREN TRUC TAN SO THEO MAT PO IS(@)|.

TUPAY CO NHAN XET RANG: TiN HIEU TUAN HOAN LA MOT TRUONG HOP DAC
BIET CUA TIN HIEU KHONG TUAN HOAN CO MAT PO PHO LGN VO CUNG G VI TRI
CAC VACH PHO VA TRIET TIEU & NGOAI VACH. THUC VAY, NEU DUNG HAM DON VI

&T) TA SE VIET PUGC MAT PO PHO TUAN HOAN CO CHU KY T NHU SAU:

S(a)):ZAn5(a)—na))

SAO CHO THEO (2.16) CO:

A, taio=nw

S(o)dw = A(w)=ZAn5(w—nw)dw:{ "

0 tai w # nw
THI DU VGI TIN HIEU DPIEU HOA CO:
S(t) - AO COS(C()Ot _ @0) - %A{e[ﬂa’ot—‘/’o)] + e[‘f(wof—‘/’o)]}

THEO (2.18) TA CO MAT O PHO CUA NO LA:

S(w) = %AO e 5(0-w,)+ e 5(0+ )]

(2.18)

(2.19)

(2.20)

HINH 2.7 CHO THI DU VE MOT SO TIN HIEU DIEN HINH DUGC BIEU DIEN TRONG

MIEN THOI GIAN VA PHO FOURIER CUA CHUNG TRONG MIEN TAN SO.
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& N

N

aft ) o LN i

HINH 2.7. PHO FOURIER CUA MOT SO TIN HIEU DIEN HINH.

MOT NHAN XET SO BO CHO THAY: TIN HIEU CANG HEP TRONG MIEN THOI GIAN
THI CO PHO CANG TRAI RONG TRONG MIEN TAN SO VA NGUOC LAI TIN HIEU CANG
TRAI RONG TRONG MIEN THOI GIAN THI PHO CUA NO CANG HEP. THI DU, PHO CUA
XUNG PON VI TRAI DAI TREN SUOT TRUC TAN SO TU 0 DEN o VGI MAT PO PHO
KHONG POIL, DO PO GOI LA PHO TRANG. TRONG KHI PO PHO CUA SONG SIN TUAN
HOAN TRAI DAI TREN CA TRUC THOI GIAN LAI CHI GOM MOT VACH PHO.

2.2.3. MOT SO TiNH CHAT CUA PHO TiN HIEU

DUGI DAY TRINH BAY MOT VAI TINH CHAT CO BAN CUA PHO (KHONG CHUNG
MINH).

e TINH TUYEN TINH

CHO TIN HIEU S(T) LA TO HGP TUYEN TiNH CUA K TiN HIEU THANH PHAN S(T) :

k x . R
s(t)= a;s;(1) VOI A, VA K LA CAC HANG SO. NEU MOI §(T) CO PHO
i=1
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TUONG UNG LA S(), THI PHO S() CUA S(T) SE BANG:
k

S(@)=) a,S,(o)
i=1

TA CO THE TRINH BAY TOM TAT TINH CHAT NAY TRONG 2 MIEN T VA o NHU
SAU:

k k
s(z)zza,.s,.(t) o S(co)zZal.Si(a)) 2.21)

i=1 i=1

o PHO CUA PAO HAM VA TICH PHAN
, A 2 R N ~ 5 N dk t - .
CHO TIN HIEU $(T) CO PHO S(w), PAO HAM BAC K CUA S(T) LA % SE CcO
t
PHO LA:

S¥(w) = (Jo)* S(») (2.22)

t
TICH PHAN CUA S(T) LAY TU -o0 PEN THOI PIEM T LA f s(t)dt SE CO PHO LA:

—00

1
Sy =—S(w) (2.23)
jo

NHU VAY CAC PHEP LAY VI PHAN VA TICH PHAN TRONG MIEN THOI GIAN VOI
TIN HIEU $(T) TUGNG UNG LAN LUGT VOI CAC PHEP NHAN VA CHIA (Jo) TRONG
MIEN TAN SO VOI MAT PO PHO S().

o PHO CUA TICH 2 HAM SO
CHO S(T) = S,(T)Sy(T), TRONG PO S,(®) VA S,() LAN LUGT LA PHO CUA S,(T) VA
S,(T). TINH PHO S(@) CUA S(T).

P 1 % P s R 9 2
TACO: S(w)= Py fs, (t).s,(t)e”’dt, THAY S,(T) BANG PHO CUA NO:
T —0

s,(t)= j S,(v)e’dt  (LUU Y RANG TICH PHAN LAY THEO v PE

TRANH LAN VOI ).
] 0 —j(o-v)t
S(w) = 27 _‘!;.‘LSJ (V)s, (t)e e avdr

PUOC: = [s,v )dv{i J.sz (t )e[_j(‘”_v)’]dt} (2.24)
27

-00

S,v)S,(w—v)dv

g =8 § =3
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BIEU THUC CUOI CUNG CUA (2.20) GOI LA TICH CHAP CUA CAC PHO S, VA S,.
NHU VAY TICH THUONG TRONG MIEN THOI GIAN CUA CAC TIN HIEU TUONG DPUONG
VOI TICH CHAP TRONG MIEN TAN SO CUA CAC MAT PO PHO.

o PHO CUA TICH CHAP HAI TIN HIEU

NGUOC LAI VOI TRUGNG HOP TREN TA CO s(t)= J' s,(t)s,(t—7)dr LA TICH

CHAP CUA HAI TIN HIEU S,(T) CO PHO DA BIET LA S,(w) VA S,(T) CO PHO DA BIET LA
S,(®). TINH PHO S(®) CUA S(T).

S(w) .[ I 5.(7 )5, (t =7 )e ™ drdz

1
2z

L r -jot _ [~jo(t-7]
= _js(‘r Je drjsz(z 7 e dt (2.25)

—00

TA CO:

= 215, (0)S, (@)

NHU VAY TICH CHAP CUA CAC TIN HIEU TRONG MIEN THOI GIAN TUONG
PUONG VOI TiICH THUONG TRONG MIEN TAN SO CUA CAC MAT PO PHO.

o PHO CUA TIN HIEU TRE
CHO TIN HIEU S(T) CO PHO S(w), PHO CUA TIN HIEU TRE MOT KHOANG THOI
GIAN 7 LA S(T—t) SE CO PHO LA:
S(w)=e’""S(w) (2.26)
o ANH HUONG CUA THAY POI THANG THOI GIAN PEN PHO:

CHO TIN HIEU $(T) CO PHO (), PHO CUA TIN HIEU S(AT) LA:

S (w)= és(ﬁj 2.27)

a
NHU VAY MOI SUTHAY DOI TREN THANG THOI GIAN THEO MOT TY LE NAO PO
SE TUONG UNG VGI MOT SU THAY POI TREN THANG TAN SO THEO TY LE NGUOC.
PIEU NAY DAN TOI MOT KET LUAN LA VOI MOT DANG TiN HIEU DA CHO, NEU TiN
HIEU CANG KEO DAI THEO THOI GIAN THI PHO CUA NO CANG HEP VA NGUOC LAL

o MAT PO PHO NANG LUONG: NANG LUONG CUA TIN HIEU TREN SUOT THOI
GIAN TON TAI NHU SAU:
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0

Isz(t )t = j' S(w)do J' s(t)e’™ dt =27 j S(0)S(-w)dw =27 I IS() do (2.28)

—00

DAY GOI LA CONG THUC PAC-XE-VAN. DO VE TRAI LA NANG LUONG NEN
IS(w)|* BIEU THI CHO SUPHAN BO NANG LUONG NEN BUGC GOI LA MAT PO PHO

NANG LUONG. TRONG TRUONG HOP TIN HIEU TUAN HOAN NANG LUONG CHI CAN
TINH TRONG MOT CHU KY.

2.3. NGUYEN LY XEP CHONG

MACH TUYEN TINH TUAN THEO NGUYEN LY XEP CHONG TUC LA: TAC PONG
CUA MOT TIN HIEU PHUC TAP LEN MACH DIEN BANG TONG TAC PONG CUA CAC
TIN HIEU THANH PHAN TAO NEN TIN HIEU PO. BOI VAY, KHI CAN KHAO SAT MOT
TIN HIEU PHUC TAP NAO BO TAC PONG LEN MOT MACH PIEN TUYEN TINH, TA CO
THE PHAN TIN HIEU PO RA THANH st

NHUNG TIN HIEU BON GIAN. SAU bO ‘

XET TAC PONG CUA TUNG TIN HIEU ﬁ )
DPON GIAN PO LEN MACH. TONG HOP /i o
CHUNG LAI SE PUOC KET QUA CAN A
KHAO SAT. CAC TIN HIEU DON GIAN
CAN PUOC BIEU DIEN BOI CAC HAM
PHO BIEN VA DE TINH TOAN. NHONG
HAM PO THUONG LA CAC HAM PIEU  HINH 2.8. TiN HIEU VAO BANG XEP CHONG
HOA HAY HAM NHAY BAC PON VI. CUA CAC

PHUONG PHAP PHO KE TREN CONG LA TIN HIEU NHAY BAC DON VL.

PHUONG PHAP XEP CHONG, THf DU KHI PHAN TiCH PHO CUA MOT TIN HIEU TUAN
HOAN PHUC TAP RA THANH TONG CUA VO SO TIN HIEU BIEU HOA CO TAN SO LA
BOI CUA NHAU. MAT KHAC, MOT TIN HIEU LOI VAO BAT KY CONG CO THE XEM
NHULA TO HOP CUA VO SO CAC TIN HIEU NHAY BAC PON VI NHU HINH 2.8. VA CO
THE PHAN TICH THANH:

s(t) = Ag1(t)+Y A, 1(t—7;) VOI rLA KHOANG THOI GIAN TRE THUT.
i=1

(2.29)

2.4. NHIEU VA CAC TINH CHAT CUA NO
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2.4.1. PHAN LOAI NHIEU

NHIEU LA DANH TU DUNG PE CHI TAT CA CAC LOAI TIN HIEU VO [CH TAC
PONG LEN TIN HIEU CO ICH TRONG MACH DIEN TU VA CAC KENH THONG TIN LAM
ANH HUONG DPEN VIEC THU NHAN VA XULY TIN HIEU. NHIEU CO THE PUGC PHAN
LOAI THEO QUY LUAT BIEN THIEN THEO THOI GIAN (XUNG NHIEU, NHIEU LIEN
TUC), THEO BE RONG PHO (NHIEU TRANG, NHIEU HONG), THEO LUAT PHAN BO XAC
SUAT (NHIEU PONG NHAT, NHIEU CHUAN GAUSS) HAY THEO PHUONG THUC TAC
PONG LEN TIN HIEU (NHIEU CONG, NHIEU NHAN). MOT CACH PHAN LOAI PHO BIEN
LA PHAN THEO NHIEU NGOAI VA NHIEU NOL

NHIEU NGOAI XUAT PHAT TU CAC NGUON GAY NHIEU BEN NGOAI MACH DIEN
TUNHU: NHIEU CONG NGHIEP BAO GOM CAC LOAI NHIEU TU CAC DAI PHAT SONG
€O PHO GAN VOI PHO TAN SO LAM VIEC CUA MACH DPIEN; NHIEU DO CAC THIET BI
PIEN, DIEN TUDAC BIET TRONG MANG DIEN THANH PHO GAY RA; NHIEU DO CAC
PHUONG TIEN VAN TAL CAC PONG CO PIEN (DAC BIET CAC LOAI CO CAC CHOI GOP
PIEN BANG THAN), CAC DUNG CU PIEN TRONG GIA PINH, CAC THIET BI DIEN
TRONG CONG NGHIEP (PAC BIET LA LOAI HOAT PONG G DAI TAN SO CAO), V.V...
NHIEU KHI QUYEN VA BUC XA VU TRU BAO GOM CAC BUC XA PIEN TU TRONG
THOI GIAN GIONG BAO, SAM CHGP, CAC BAO BUIL, CAC THANG GIANG TRONG TANG
ION CUA KHI QUYEN, CAC BOT BUC XA MANH TUMAT TROL V. V...

NHIEU NOI BUOC SINH RA NGAY TRONG BAN THAN CAC CAM BIEN, CAC LINH
KIEN VA HE THONG MACH DIEN TU. PO LA CAC THANG GIANG DIEN GAN LIEN VOI
BAN CHAT CUA CAC LUONG VAT LY KHAC NHAU VA VE NGUYEN TAC LA KHONG
THE TRANH DUOC. HAI DANG CO BAN NHAT CUA LOAI NHIEU NAY LA ON NHIET VA
ON NO. ON NHIET HAY CON GOI LA ON JOHNSON XUAT HIEN DO SU CHUYEN DONG
NHIET CUA CAC PHAN TU TAI PIEN TRONG VAT DAN (THI DU CAC PIEN TU) VA DO
VAY NO PHU THUOC VAO NHIET PO. THE ON HIEU DUNG TREN MOT DIEN TRG R LA
V.. =J4kTRAf (TRONG PO K LA HANG SO BOLTZMANN, T LA NHIET DO K VA AF LA

DAI TAN SO P0O). ON NO HAY CON GOI LA ON SHOTTKY SINH RA DO SU CHUYEN
PONG NGAU NHIEN CUA CAC PIEN TiCH KHI CHUYEN QUA MOT MOI TRUONG
CHUYEN TIEP NAO PO. THI DU NHU ON SINH RA DO CAC HAT TAI BIEN NHU DIEN
TUCHUYEN QUA LGP TIEP GIAP BAN DAN P-N TA SE KHAO SAT SAU. DONG ON NAY
PUGC TINH BANG 1, =./0,IAf (TRONG PO Q. LA PIEN TiCH CUA PIEN TU, I LA

DONG PIEN HOAT PONG CUA THIET BI).

22



2.4.2. NHIEU CONG VA NHIEU NHAN — TY SO TiN HIEU TREN NHIEU S/N

HAI DANG PON GIAN NHAT CUA PHUONG THUC TAC PONG CUA NHIEU LEN TiN
HIEU LA TAC PONG CONG VA NHAN. GOI $(T) LA TIN HIEU CO ICH, N(T) LA CAN
NHIEU, SE CO TIN HIEU TONG HOP X(T) LA:

VGI NHIEU CONG: X(T) = S(T) + N(T)
(2.30)
VOI NHIEU NHAN: X(T) = N(T) S(T)

(2.31)

TRONG TRUONG HOP PHUC TAP HON NHIEU CO THE CON GOM CA HAI LOAI
TUY RANG HIEM KHI XAY RA:

X(T) = N,(T) S(T) + Ny(T)

TRONG THUC TE, NGUOI TA THUONG QUAN TAM TGI TONG CUA CAC LOAI
NHIEU HIEN DIEN. NEU CAC NGUON NHIEU U,, U,, ... HOAN TOAN POC LAP VOI
NHAU THi GIA TRI HIEU DUNG (BINH PHUONG TRUNG BINH) CUA NHIEU TONG SE
BANG TONG CAC GIA TRI HIEU DUNG CUA CAC NGUON NHIEU THANH PHAN:

22 2 2
w=u, i, +

TRONG TRUONG HOP NHIEU CONG, PE DINH LUONG CHAT LUONG CUA TIN
HIEU THU NHAN PUJC NGUOI TA THUONG QUAN TAM TOI TY SO TIN HIEU/ NHIEU
(THUONG KY HIEU LA S/N HAY SN). TY SO NAY BUOC DINH NGHIA NHU SAU:

S _ Gidtri hiéudung ciia tin hiéu i (2.32)
N Gid tri hiéu dung ciia nhiéu (6n) 2 '
TRONG PO LUONG LATHAY DUNG BON VI LOGARIT LA DE-CI—BEN (DB):
SIN,, =10log,, (2.33)
n

TY SO TIN HIEU TREN NHIEU LA MOT THONG SO RAT QUAN TRONG KHONG
NHONG TRONG HE THONG DPIEN TU MA NOI CHUNG TRONG CA CAC HE THONG
THONG TIN VA BIEU KHIEN Vi NO CO ANH HUONG CHINH PEN CHAT LUGNG VA PO
TIN CAY CUA HE THONG. VI VAY CAN CO NHONG BIEN PHAP DE NANG CAO TY SO
NAY. CACH DON GIAN NHAT LA VIEC TRA GIA BANG CACH TANG CONG SUAT CUA
NGUON TiN HIEU, TANG PO DAI CUA TiN HIEU (KEO DAI THOI GIAN THONG TIN,
LAP LAL...) HAY MO RONG PHO CUA TIN HIEU. TUY NHIEN Vi NHIEU LY DO, KHONG
PHAI LUC NAO CUNG THUC HIEN PUQC CAC BIEN PHAP NAY. MOT BIEN PHAP KHAC
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LA NGHIEN CUU BAN CHAT CUA TIN HIEU VA NHIEU PE TU PO TIM RA CAC QUY
LUAT XULY TIN HIEU GOC THU NHAN BUGC NHAM TANG PUGC TY SO S/N & LOI RA
BO XU LY PEN MUC CAN THIET. PO LA MUC TIEU CUA MOT NGANH HOC HIEN
DANG PUOC PHAT TRIEN MANH LA XULY TIN HIEU.

2.5. PIEU CHE TIN HIEU

2.5.1. KHAINIEM VE SUPIEU CHE VA GIAI PIEU CHE

DIEU CHE LA QUA TRINH GAN TIN TUC VAO MOT TAI TIN. TRONG KY THUAT
PIEN TU, NHIEU KHI PHAI BIEN DOI TIN HIEU RA THANH CAC DANG KHAC CHO PHU
HGOP VOI YEU CAU TRUYEN HOAC XU'LY THONG TIN. QUA TRINH BIEN DOI PO GOI
LA MA HOA TIN HIEU. MOT THI DU CU THE LA VIEC TIM CACH TRUYEN DI XA CAC
TIN HIEU TAN SO THAP NHU TIN HIEU AM THANH. BAN THAN CAC TIN HIEU NAY
KHONG THE PHAT PI XA TRUC TIEP BANG SONG PIEN TU PUGC Vi NANG LUONG
CUA NO G DAI TAN SO THAP NHU VAY SE BI SUY GIAM RAT NHANH THEO KHOANG
CACH. TRONG KHI PO CAC SONG CAO TAN LAI CO KHA NANG PHAT DI XA BUGC. Vi
VAY, NGUOI TA PHAI TiIM CACH LAM CHO MOT THONG SO NAO PO CUA SONG CAO
TAN PUOC BIEN POI THEO QUY LUAT CUA SONG AM THANH ROI DUNG SONG PO
PHAT I XA. QUA TRINH BIEN POI THONG SO NAY GOI LA QUA TRINH PIEU CHE
TIN HIEU. SONG AM TAN TRONG TRUONG HOP NAY GOI LA SONG PIEU CHE VA
SONG CAO TAN GOI LA SONG MANG. TAI NOI THU, TREN CO SO SONG CAO TAN THU
NHAN BUOC, NGUOI TA DUNG KY THUAT TACH SONG DE THU NHAN LAI TIN HIEU
PIEU CHE CHUA DUNG THONG TIN CAN THIET. TA SE KHAO SAT TY MY CAC QUA
TRINH NAY TRONG MOT CHUONG SAU. DO VAY, 6 PAY CHI BE CAP TGI MOT VAI
VAN DE CHUNG NHAT LIEN QUAN DEN BAN CHAT TiN HIEU PIEU CHE.

TRONG TRUONG HOP TONG QUAT, GIA SUMUON GAN MOT SONG DIEU CHE F(T)
LEN MOT SONG MANG F (A, B,C,.)VOIA,B,C, .. LA CAC THONG SO DIEU CHE
(THI DU BIEN PO, TAN SO, ...). NEU LAN LUOT TA CHO MOT TRONG CAC THONG SO
A, B, C THAY POI THEO QUY LUAT CUA F(T) TA SE CO LAN LUGT CAC DANG PIEU
CHE A, DANG PIEU CHE B, DANG PIEU CHE C, V.V...

THIDU: A, =A +4AF(T) TRONG DO 44 LA HANG SO. TUDPO CO F,, = F(A,,, B,
C,..)

QUA TRINH NAY DUOC THUC HIEN TU PHIA PHAT, NGHIA LA TU2 SONG F(T) VA
F(T) TA SE TAO RA MOT SONG F,(T). BEN PHiA THU PHAI CO NHIEM VU TACH RA TU
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F,, HAM DPIEU CHE F(T). PO LA QUA TRINH GIAI PIEU CHE HAY CON GOI LA QUA
TRINH TACH SONG.

DO TIN HIEU CO 3 THONG SO: BIEN PO, TAN SO VA PHA NEN THUONG CUNG CO
3 LOAI PIEU CHE: BIEU CHE BIEN DO, DIEU CHE TAN SO VA DIEU CHE PHA.

MOT HINH THUC THONG TIN THUONG GAP LA DUNG CAC SONG MANG LA CAC
DAO PONG PIEU HOA CO TAN SO CAO HON NHIEU TAN SO CUA SONG PIEU CHE VA
TA CO TIN HIEU DIEU CHE CAO TAN. CAC TAN SO SONG MANG PUOC SUDUNG NAM
TRONG DAI KHA RONG TU VAI CHUC KHZ PEN VAI CHUC GHZ THUONG PUGC CHIA
THANH CAC DAINHUBANG SAU.

DAI SONG DAI TAN SO DAI BUGC SONG
SONG CUC DAI (VLW) 3 KHZ - 30 KHZ 100KM — 10 KM
SONG DAI (LW) 30 KHZ — 300 KHZ 10KM — 1KM
SONG TRUNG (MW) 300 KHZ — 3000 KHZ 1000M — 100M
SONG NGAN (SW) 3 MHZ - 30 MHZ 100M — 10M
SONG CUC NGAN (VSW):

MET 30MHZ — 300MHZ 10M— 1M

PECIMET 300MHZ — 3.000MHZ 10DM — 1DM

CENTIMET 3GHZ - 30GHZ 10CM — 1CM

MILIMET 30GHZ — 300GHZ 10MM — IMM

2.5.2. PIEU CHE BIEN PO
TA HAY XET MOT QUA TRINH DIEU CHE BIEN PO DPON GIAN NHU SAU. SONG
MANG CAO TAN PIEU HOA CO BIEU THUC CUA DIEN AP:
F(T) = U,COS(anT - ¢)
GIA THIET TIN TUC CO DANG M(T) VA LA HAM SO DA CHUAN HOA -1 <M(T)< 1
HAY |M(T)|<1
KHI DO, VOI TIN HIEU PIEU BIEN TA CO:
U(T) = U, + AUM(T), TRONG PO AU LA SO GIA CUC PAI CUA BIEN PO PIEN
AP SAO CHO co
BIEU THUC SAU DAY CUA DAO PONG DIEU BIEN:
Fy=Ups=[Uy+ AUM(T)] COS( T — @)
(2.34)
VIET LAI BIEU THUC (2.34) DUGSI DANG SAU:
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AU
Udb(t)=U0[1+U—m(t)}cos(a)0t—g00) (2.35)
0
y= AU—U GOI LA HE SO DPIEU BIEN HAY DO SAU PIEU CHE DPAM BAO 0 <y <
0

KHAI TRIEN (2.35) DE DANG TIM PUOC PHO CUA TIN HIEU DIEU BIEN:
Ups(T) = U, COS(&,T - @) + yU,M(T) COS(,T - )
SO HANG THU NHAT LA MOT DAO PONG PIEU HOA THUAN TUY, PHO CUA NO
THEO (2.20) LA:

S(®) =%Uo[e”“’o&(a)—a)0)+e'”"“5(a)+ a)o)]

SO HANG THU HAI LA TICH CUA HAI TIN HIEU M(T) VA COS(&,T - ¢,) VOI HE SO
.

GOI S,(w) LA PHO CUA M(T), DUNG CONG THUC TINH PHO CUA TiCH HAI TiN
HIEU TA CO:

S,(w) =WTO[e*f%Sm(a)—wo)+ef‘/’osm(a)+wo)]

Sy(w)=8(w)+S,(w)= %Uo {e*f% [6(0— @)+ 98, (0 -, )]+

+ e”’”&[(a) + a)o)+ s, (a)+ @, )]}

CONG THUC NAY CHO THAY PHO CUA TIN HIEU DIEU BIEN GOM: CAC THANH
PHAN DIEU HOA CO TAN SO @, CUA SONG MANG VOI BIEN PO Uy 2 VA CAC PHO
S,(®) CO MAT PO PHO CUC PAI +Q CUA SONG PIEU CHE DI CHUYEN PEN XUNG
QUANH CAC TAN SO +a, VOI HE SO y U,/ 2. HINH 2.9. CHI RO MOI QUAN HE NAY
TRONG MIEN TAN SO. RO RANG, KET QUA CUA SU PIEU BIEN LA MOT SU DI
CHUYEN PHO CUA SONG PIEU CHE (CHUA TIN TUC) TREN THANG TAN SO TU MIEN
CAC TAN SO THAP LEN MIEN CAC TAN SO CAO. DO PO TIN HIEU PIEU BIEN SE CO
KHA NANG BUC XA DE DANG DI XA.

XET TRONG THUC TE CHI CO CAC TAN SO DUGNG THi PHO CUA SONG PUGC
PIEU CHE GOM MOT VACH (3 TRUNG TAM CO TAN SO @, VACH NAY CHi RO SU CO
MAT CUA SONG MANG. SAP XEP POI XUNG HAI BEN VACH SONG MANG LA CAC
PHAN DOI XUNG CUA PHO SONG DIEU CHE TAN SO THAP S,(w), GOI LA HAI DAI BEN.
CHI CO CAC DAI NAY MGI CHUA PUNG TIN TUC BUGC TRUYEN DI BE TIET KIEM
CONG SUAT PHAT, CO KHI NGUOI TA CHI BUC XA CAC DAI BEN MA VAN PAM BAO

(2.36)
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THONG TIN. TRONG TRUONG HOP NAY, TIN HIEU PHAT PUGC GOI LA TiN HIEU PIEU
BIEN CAN BANG. CO KHI CHI CAN PHAT 1 DAI BEN LA PU VA €O TiN HIEU PIEU
BIEN MOT DAI BEN HAY TIN HIEU PHAT PON BIEN.

/Rw)
Q0 o0 O > o

Sav(®)
(1Uy/2) S (ortor) WA dered (U/2) dlerma)  —
\ (YUy/2) Spr(w-e)
e
~0g-Q -0y -0+ 0 Q2 @, 0tQ >

HINH 2.9. SUDI CHUYEN PHO TRONG SONG PIEU CHE.

XET TRUONG HOP DON GIAN, SONG PIEU CHE M(T) LA MOT HINH SIN
m(t)= A, sinQt, TA CO:

U, =U, [1 + yA, sin Qt]cos Wyt
TRIEN KHAI RA TA CO:

1 1
U, =U, coswot+5U07/A0 sin( @, +Q)t—EU07/AO sin(w, —Q)t (2.37)

VAY PHO CUA TIN HIEU BAO GOM 3 THANH PHAN @, VA @, Q. HINH 2.10 LA DO
THI CUA TIN HIEU BIEU BIEN VOI SONG PIEU CHE HINH SIN THEO THOI GIAN VA
PHO CUA NO TAI CAC TAN SO DUGNG.

A

Séng diéu ché >t

Séng mang
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Tin hiéu diéu bién

HINH 2.10. TIN HIEU BIEU BIEN VGI SONG DIEU CHE HINH SIN VA PHO CUA NO.

2.5.3. PIEU CHE GOC

CAC TIN HIEU PIEU TAN VA DPIEU PHA CO DAC PIEM CHUNG LA BIEN PO
KHONG DPOI CON GOC PHA PHU THUOC VAO SONG PIEU CHE M(T). DO PO CHUNG
THUONG PUOC GOI LA CAC TIN HIEU PIEU CHE GOC VI TAN SO THUC RA LA VI
PHAN CUA GOC PHA TUC THOI THEO THOI GIAN (@ = D(«T + @) = Do / DT) VA CO
THE BIEU DIEN TONG QUAT NHU SAU:

U g (1)=U, coslwyt — 6(1)] (2.38)

TRONG PO AT) PHU THUOC M(T) VA BIEN THIEN CHAM SO VOI @,T.

Vi TAN SO BIEN THIEN THEO THOI GIAN, NEN G DAY PHAI DUA VAO KHAI NIEM
TAN SO TUC THOI. TRONG TRUONG HOP M(T) CO DANG PIEU HOA M(T) = 4,C0S QT ,
VGI SONG MANG CO DANG U,COS @,T THI TAN SO TUC THOI PUJC DINH NGHIA LA:

o = w, + kA, cos Qt

VA €O BIEU THUC TIN HIEU PIEU TAN LA:

u,(t)=U, cos[a)otwt%sithJrgoo}

NHU VAY, BIEN PO CUA TiN HIEU PIEU CHE BANG U, KHONG THAY POIL TRONG
KHI TAN SO TUC THOI @ THAY POI XUNG QUANH @, VOI NHIP Q VA TY LE VOI BIEN
pO CUA DIEN AP DPIEU CHE.

TAN SO @, KHI KHONG CO DPIEU CHE GOI LA TAN SO TRUNG TAM. SU DIEU CHE
LAM THAY POI TAN SO TUC THOI GIUA 2 GIA TRI CUC DIEM (o, - A®) VA (0, + Aw).
Aw LA PO LECH TAN SO VA NO TY LE VOI BIEN PO TiN HIEU PIEU CHE (Ao = KA,).

TRONG PIEU CHE GOC, CAC TINH TOAN VE PHO TAN SO PHUC TAP HON
TRUONG HOP PIEU CHE BIEN PO NEN KHONG THUOC PHAM VI GIAO TRINH NAY.
CAC KET QUA TINH TOAN CHO THAY PHO CO CHUA MOT TAN SO TRUNG TAM @, VA
MOT LOAT CAC TAN SO BIEN o, + KQ, VOI K LA SO NGUYEN. BIEN BO CUA CAC
VACH PHO THAY POI THEO TY SO Aw/ Q VA GIAM RAT NHANH.
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HINH 2.11. LA GIAN PO TIN HIEU PIEU TAN TRONG TRUONG HOP SONG PIEU
CHE LA HAM TANG-GIAM TUYEN TINH THEO THOI GIAN VA SONG MANG LA PIEU

Bién do

So6ng diéu ché

Soéng mang t

AN AN ANANAAAAAANDN A N Ny
eutan RV VYV VVTVITTVVVV TV

HINH 2.11. DANG PHU THUOC THOI GIAN CUA MOT LOAI TiN HIEU DIEU TAN.
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CHUONG 3

CAC PHUONG PHAP CO BAN KHAO SAT MACH PIEN TU

Mach dién 12 mo hinh ctia cdc hé théng tao va bién ddi cdc tin hiéu dién tir. Do qua trinh tao va
xur 1y tin hiéu 1a phiic tap nén néi chung, mot mach dién tir thudng bao gém nhiéu loai phan tir n6i
ghép v6i nhau theo nhiéu cdch. Méi phan tir trong mach ¢6 nhiém vu riéng déc trung boi cdc thong

sO clia n6 va phu thudc vao vi tri clia n6 trong hé thong.
3.1. Cac phan tu, thong sé tich cuc va thu dong cia mach dién

Dé thuc hién c4c nhiém vu trén, c6 thé xép cdc thong s6 clia mach theo hai loai co ban 1a thong

sO'tich cuc va thong so thu dong.

3.1.1. Céac phan tir va thong so tich cuc

Cac thong s6 tich cuc 1a cac thong s6 dac trung cho tinh chét tao ra tin hiéu hoac cung cép
niang lugng cua cdc phan tir mach dién. Thudc loai nay c6 hai thong s6 co ban 1a siic dién dong E(t)
va dong dién I(t). Nhiéu phan tir trong mach ¢6 kha nang tu n6 (hay do chiu tdc dong phi dién & bén
ngoai) tao ra céc dién dp hay dong dién khdc nhau. Nhiing phan tir d6 c6 tén goi chung 1a nguon.
Thi du céc bo pin, dc-quy, cdc may phat dién, v.v... do chuyén hoa cdc dang ning lugng khdc thanh
nang lugng dién, sinh ra & hai cuc clia né mot dién 4p nao d6 khi méc tai vao hai cuc d6. Cac phan
tir nhu t€ bao quang dién, cdc microé phon hay bién tir 4p dién va ca nhitng linh kién ban dan cé tinh
khuéch dai tin hiéu nhu transistor, vi mach, v.v... nhu trinh bay vé sau ciing thuoc loai nay.

Do céch xéc dinh hai thong s6 tao ngudn s& dan tdi su phan loai cdc phan tir tich cuc thanh hai
loai: nguon dién dp va nguon dong dién.

Nguén dién binh thudng (thi du nhu pin hodc dc-quy) it nhiéu déu c6 dién ap va dong dién ra
bién ddi theo thoi gian khi cac nhan t6 nhu trd tai, nhiét do phong, su gia hoa clia chat dién hod lam
nguon, v.v... thay déi. Mot nguén dién 4p trong thuc t€ dugc biéu dién bang mot nguén c6 siic dién

dong E, = const khong déi mic néi ti€p v6i mot tré noi R, nhu hinh 3.1.a.

Néu R; # 0 thi dién 4p ra dat trén hai & P
ddu dién trd tai s& bién ddi theo gia tri clia
tai. Nhung trong trudng hop 1y tudng, khi R
R,— 0 thi dién 4p nay la khong déi du tai = b () H R @

c6 bién d6i the nao di nita. Lic d6tacé  Eo

mot nguon dién dp 1y tudng hay thuong ¥ o
goi tit 12 nguén dién dp. Cing 1y luan (a) (b)

nhu vay ta ¢6 nguon dong dién 1y tudng, Hinh 3.1. a) Nguén dién 4p thuc va Iy tudng,

goi tit 1a nguon dong dién, néu ngudn b) Nguén dong dién thuc va ly tudng.

nay ¢6 trd noi R, bing vo cling. Nhu vay

mot ngudn dong thuc t€ gbm mot ngudn dong 1y tudng I, méic song song v6i mot noi trd R, nhu hinh
3.1.b.
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Xét mot mach dién nhu hinh 3.2. Theo dinh luat Ohm ta c6 dién dp trén trd tai la:

Uy, =U,-R]I hay
UO_UT Uo UT UT
I:—:———:IO —_—
R, R. R. R.

1 1 1 1

O day goi gid tri I,=U,/R; ladong ngdn mach nghia la

dong cuc dai ma nguon cé thé cdp cho mach dién ngoai trong
truong hop cho trd tai biang 0 (ngén mach). Viéc lua chon cdch mo Hinh 3.2. Dong ngin mach /,
ta nguon 1a tuy thudc vao trd ndi nhd hay 16n so véi tro tai R;.

3.1.2. Céc phan tir va thong so6 thu dong

Cdc thong s thu dong dac trung cho céc tinh chat khong tao tin hiéu va khong cung cap niang
lugng cta cdc phan tr mach dién. Thudc loai nay c6 ba thong s6 co ban: dién trd (nghich dao cla
né 1a dién dan), dién cdm va dién dung. Céc phan tr ¢6 céc thong s6 nay goi la cac phdn tir thu
dong.

Phén (ing thu dong clia mot phan tlr hay clia mach dién thé hién qua su thay déi trang théi clia
n6 khi chiu tdc dong kich thich. Con trang thai nay lai dugc biéu hién qua dién dp va dong dién dat
lén n6. D€ dac trung cho phan ng cla cdc phan tr mach dién d6i vdi cdc tac dong cla dién ap va
dong dién, nguoi ta dung cdc thong s quan tinh va khong quén tinh.

Thong s6 khong qudn tinh déac trung cho tinh chat cta phan tr khi dién dp tao nén trén hai ddu
ctia n6 (hay dong dién chay qua nd) ty 1& truc ti€p véi dong dién (hay dién dp dat trén hai dau cla
nd). Thong s6 nay goi 1a dién trd (hay dién dén) cua phan tit, duge ky hiéu 1a R (hay G) va xdc dinh
bdi cong thic:

Ut)=RIt) va It) =G.U(t)

Dién trd c6 thit nguyén von/ ampe va dugc do bing don vi 6m (Q), dién dan c6 thit nguyén 1/
Q va do bang don vi simen (S) khi dién 4p do bing von va dong dién do bing ampe.

Thong sé qudn tinh gém c6 hai loai:

1. Thong sd dién cam dic trung cho tinh chat clia phan tir khi dién dp trén hai ddu cia né ty 1é
vGi toc do bién thién cua dong dién chay qua nd. Thong s6 dién cam ky hiéu l1a L va xdc dinh boi
cong thirc:

dl(t)
U(t)=L 0

Dién cam c6 thi nguyén von. gidy/ ampe va do bang don vi hen-ri (H).

Cing mot ban chat vat 1y véi thong s6 dién cam con ¢6 thong s6 hd cam dic trung cho anh
hudng ctia dong dién chay trong mot phan tir d€n mot phan tir khac dat & 1an can c6 hoic khong néi
v6i nhau vé dién. Néu trong phan tlr k£ ¢6 dong chay qua 12 I, thi do h6 cam trén phan tir / s& ¢6 dién
ap h6 cam:

dli(t)

U,(t)=M dt
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M, goi 1a hé s6 hd cam giita cdc phan ti k va l.
Nguoc lai, néu trong / ¢6 dong I, thi qua tdc dung hd cam nd ciling gy ra trén phan tir k dién
dl,(1)
dt
Nhu vay, do tdc dung dong thdi clia cdc thong s6 dién cam cla ban than va hd cam véi mot

ap U, (t)=M,

phan tir 1an can, trén mot phan tir s€ c6 dién ap:

dl,(t) il (t)
U(t)=L—L—2+M
l() dt ki dZ
dl, (1) dl,(t)
U, (t)=L—"~2+ M, —!
k() dt kl dt

Dau + dugce 14y tuy theo quan hé vé chi€u clia cdc dién dp tu cam va hd cam.

2. Thong s6 dién dung dic trung cho tinh chét cta phan tir mach dién khi dong dién di qua né
ty 1& v6i toc do bién thién cta dién dp dat trén phan tir. V&€ mat vat 1y, dong dién nhu vay mang tinh
chat cta dong dién dich c6 quan hé véi dién dp nhu sau:

dU(t)

—c&dt _ ! _ow)
11)=C =2 hay U(z)_c_[m)dz .

vG6i Q(t) 1a dién tich trén phan tu.

He so ty 1& C goi 1a dién dung ctia phén tir va ¢6 thi nguyén ampe. giay/ von va dugc do bang
don vi Fara (F).

3.2. Cac phan ti, mach tuyén tinh va phi tuyén

Néu cdc thong s6 R, L hodc C clia mot phan tlr 14 cdc hang s6, khong phu thuoc vao dién dp &
hai dau va dong dién di qua né thi phan tir d6 goi 1a phan tit tuyén tinh. Nguoc lai khi thong s6 cua
phan ti phu thuodc vao dién dp ¢ hai dau hay dong dién di qua n6 thi phan tit 1a phi tuyén.

Mach dién chia toan céc phén tlr tuyén tinh goi 1a mach dién tuyén tinh.

Néu trong mach c6 chita du chi mot phan t& phi tuyén thi mach d6 1a mach phi tuyén.

Tir c4c dinh nghia trén ta c6 thé thdy tinh chat ctia mach tuyén tinh nhu sau:

1. Pac trung von-ampe V-A 12 mot duong thang.

2. C4c qud trinh trong hé duoc biéu dién bdi mot hé phuong trinh vi phan tuyén tinh thiét
lap theo c4c dinh luat Kirchhoff.

3. Mach tuyén tinh tuan theo nguyén 1y xép chong. Nghia 1 khi tic dung Ién mach nhiéu
sttc dién dong thi dong trong mach 12 téng clia cdc dong thanh phan, mdi dong twong
ting v6i mot stc dién dong riéng phan do.

4. Dudi tdc dong cua tin hiéu c6 phé tan s6 bat ky, trong mach tuyén tinh khong sinh ra cdc
s6ng hai (hoa ba) vdi cdc tdn s6 mdi.

Dai v6i cac mach phi tuyén thi ngugce lai:

1. Pac trung V-A khong 1a duong thang.
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2. Phuong trinh cia mach 1a phuong trinh vi phan phi tuyén.
3. Khong dp dung duoc nguyén 1y xép chong.
4. Du6i tdc dong cuia tin hiéu bat ky, trong mach c6 thé sinh ra cdc tin hiéu c6 tan s6 khdc.
Hinh 3.3.a 1a dic trung V-A clia mot phan tir tuyén tinh dién hinh 12 cdi dién tré c6 gia tri 1a
dién tr& R = dU/ dI = const dugc biéu dién bang mot duong thang. Trong khi hinh 3.3.b 1a dac trung
V-A ctia mot phén tir phi tuyén nhu cdi diode bdn ddn trong d6 dién trd clia né phu thuoc vao dién

ap dat trén hai dau diode.

4 I(mA) T 1ma)
60 604
40T 40T
20+ 204+
%) o/ oUW
03 06 03 06
(a) ()

Hinh 3.3. Dac trung V-A cua dién trd (a) va cua diode ban dan (b).

3.3. Cac dinh luat Kirchhoff

Muc dich cta viéc tinh toan cdc mach dién 1a xac dinh dién dp va dong dién tai cic doan mach.
Trong thuc t€ thudng chon mot trong céc diém trén mach lam diém goc va gan cho né gia tri dién
thé bing khong (0 V). Trong k¥ thuat goi diém d6 1a mass va thudong diém nay hay duoc noi véi dat
nén ciing thuong duoc goi 12 diém dt.

Truéc tién ta diém lai vai khdi niém co ban lién quan dén mach dién trong 1y thuyét mach khi
dugc ap dung dinh luat Kirchhoff.

Nhdnh 1a phan cia mach chi gdm cdc linh kién, phan ti n6i ti€p nhau va qua dé chi ¢c6 mot
dong dién duy nhit chay qua.

Niit 1a diém ctia mach chung cho tir 3 nhanh tr& lén.

Vong 1a phan ciua mach bao gdm mot s6 nhanh va nit hgp thanh mot dudng di kin qua dé moi

nhanh va nit chi gap mot 1an (trir nit xuét phat cia dudng di).

3.3.1. Pinh luat thi nhat cho cac dong di qua mot niit mach dugc phat biéu nhu sau:

Tong cdc dong dién & mot nit mach dién bing |:|R1
khong. l“
'A
Z[ﬂ -0 (3.1) T T I
" T ]
. . g N T ™ U, U, Rs
Thi du, tinh thé U; trong mach nhu hinh 3.4. sau:
Tai diém nit A cha mach dién, néu quy uéc 2 dong J J

vao I, va I, 1a duong, con dong ra I; c6 ddu am, theo dinh
luat Kirchhoff thit nhittas€ c6: I, +1, —1;=0 Hinh 3.4. Mach nit.
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Theo dinh luat Ohm cé:
1, =(U,-U;)/R, 1, =(U,-U;)/R, I, =U;/R;
Thay vao cong thiic trén cé:
U,R,R; +U,R\R,

> RR, + R.R; + R,R,

3.3.2. Pinh luat thi hai cho cic dién ap trong mot mach vong dugc phat biéu nhu sau:

Téng cic dién 4p trong mot mach vong khép kin 1a U, |
N ) , 1
bang khong. | SR
R
D u,=0 (3.2) T ) . T
+ 1T
i U= - U,

Thi du, trong mach vong kin trén hinh 3.5 néu quy
l U,

udc chiéu cua dong dién trong vong nhu hinh vé, ta cé:
Hinh 3.5. Mach vong.

U +U,-U,+U;=0
U +IR,-U,+IR =0

3.4. Cac mach tuong duong Thevenin va Norton
Nha dién bdo ngudi Phap Thevenin da phat biéu mot dinh 1y mang tén 6ng nhim lam don gidn

phép phan tich mach dién. N6 cho phép thay thé toan bo mach bing mot may phdt thé twong duong

nhu sau:
thay th€ bang mot nguon th€ V; va mot trd tuong duong R,, méc noi ti€p. Do 16n va phan cuc cua V;

Mot mach bat ky gdom céc trd v cdc nguodn sitc dién dong c6 hai chét 16i ra a va b déu c6 thé
dbng nhat v6i thé ho mach tai a va b con dién trd tuong duong duge tinh trén tai vé6i tat ca cdc

nguén duoc tit (doan mach qua nguén th€ va hd mach qua nguén dong).
Thi du, c¢6 mach dién gém stic dién dong U, méc n6i ti€p véi trd R, sau d6 mac song song vdi

tr& R, va mot tai Z gitta 2 chét a va b gdbm nhiéu phan tlr va c¢é dong chdy I, chay qua nhu hinh 3.6.
C6 thé chitng minh dugc ring qua mach Z van c6 dong I, chdy qua néu tic dung vao mach mot

ngudn ¢6 siic dién dong bang:
U,R .
0 vaco tréngi bang R, =R, // R,

V =
"R +R,
Lic nay L=V | R, +2)
—— f
a IZ a
R, Req
= 2 = Ik
~
U, vy
,'3( b

Hinh 3.6. Mot mach tuong duong Thevenin.
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Nguoi My Norton ciing dua ra mot mach twong duong gdbm mot ngudén dong 7, duge néi song
song v6i mot tré tuong duong R,,. Tr nay cling dugc tinh nhu trén, con gid tri nguon dong 7 duogc
tinh bing cdch dodn mach tr& tai Z va tinh dong doan mach. Hinh 3.7 1a thi du vé viéc chuyén mot

so d6 sang so d6 tuong duong Norton va c6 thé tinh céc gid tri [y va R,, nhu quy tic nay.

(LAY

Q

T

Hinh 3.7. Mot mach tuong duong Norton.
Giita nguén thé Thevenin va nguén dong Norton ¢6 moi quan hé nhu sau;

V,=1IyR, (3.3)

3.5. Diéu kién chuin dimg vé qua trinh séng trong mach dién

Dinh luat Kirchhoff dugc thuc hién véi gia thiét ring dong dién trong mot doan mach khong 18
nhanh c¢6 cing mot gid tri tai moi thiét dién ngang ctia doan mach dé.

Trong khi d6 cdc kich thich dién tir dugc lan truyén di trong khong gian tir diém nay dén diém
khéc trén mach dién véi van toc hitu han v (cao nhat 1a bang van téc dnh sdng). Do d6, dong tai mot

diém N trén mach dién cach diém M mot doan L (hinh 3.8.) s& bi tré mot luong
=L/v.

Néu dong dién tin hiéu lan truyén trong mach 12 séng sin ¢6 tdn s6 f thi mot cau hoi dat ra 1a
kich thu6c mach dién cin phai thé nao dé dong dién tai moi diém ctia méi doan mach khong &
nhdnh c6 cling mot gid tri tai méi thoi diém khéo sat. Hay néi céch khdc, tim diéu kién dé c6 thé ap
dung dinh luat Kirchhoff dé tinh c4c thong s6 va céc dai lugng trén mach dién.

Diéu kién d6 1a:

<<T trong d6 T 1a chu ky dao dong ctia dong dién va bang 1/ f.
Ttc la:
L/v<<T hay L<<wT=A\ (3.4)
Trong d6 A 1a buGc séng cta tin hiéu M

. | _ Day dan dién
truyén trong mach.

Tir d6 két luan ring néu mu6n dp dung
dinh luat Kirchhoff cho mot mach dién thi
kich thuéc cua ban mach phai nho hon

N
1
|
:‘ I~ Séng tin hiéu

B&n mach dién
Hinh 3.8. Kich thuéc ban mach dién va
budc séng tin hiéu.

nhiéu buGc séng cua tin hiéu dugc truyén
trén ban mach d6. Mot mach dién & trong
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diéu kién nhu vay goi 12 & trong trang thdi chudn dirng. N6i chung cic mach dién trong céc thiét bi
dién tir thong dung dugc trinh bay trong khuon khé clia gido trinh nay véi kich thudc trung binh <
50 cm, dugc thiét k& 1am viéc trong dai séng t6i hang traim MHz (c6 budc séng A ¢ 3.10° x 1/10° =
3 m) déu thda man diéu kién chudn dimg. Trir cdc trudng hop tan sé lam viéc trong dii séng siéu
cao (budc séng c¢& dm, cm hoic ngin hon nita) phai duoc khdo sat riéng trong cc gido trinh vé k§
thuat siéu cao tan.

3.6. Dic trung qua dd va dic trung dimg ctia mach dién

Ta da biét d6i v6i mot tin hiéu c¢6 2 qué trinh: qué trinh qud do va qua trinh ding. Mot mach
dién ciing dugc xdc dinh bdi 2 qua trinh nhu vay. Méi qud trinh dugc lugng hoé bing dac trung cla
ching: dac trung qua do va dac trung dung.

3.6.1. Dac trung qua do (transient responce)

Dac trung qud do ctia mach dién 1a sy phu thuoc thoi gian cua dién dp 16i ra trén mach khi tac
dong tin hiéu nhay bac don vi & 16i vao.

Uy = 1(t) U
1 — 4|  Machdién N f \
1t t

Hinh 3.9. Dac trung qua do cia mach dién.

3.6.2. Dac trung dirng (static state responce)

Xét trudong hop tin hiéu trén mach 1a séng diéu hoa c6 tin s6 o. Trong trang thdi ding, ty s6
giita th€ 16i ra trén thé€ 16i vao ctia mach dién phu thuoc khong chi vao bién d6 ma con phu thudc
vao do léch pha giita thé va dong chay qua mach. Do vay, c6 thé biéu dién ty s6 ndy bing mot s6
phtc c6 bién do va pha tuong ting va goi né 1a hé sd truyén phitc ctia mach.

K(w)= i]"“ = K(w)e’*) (3.5)
Uvdo

Lic nay mo-dun K va géc léch pha ¢ 1a cdc ham phu thudc tan s6 cla tin hiéu:
K=K vip= g

Day 1a hai ddc trung dimg ciua mach dién va tuong ting dugc goi 1a ddp Gng bién do-tan s6
(thudng goi 1a ddp iing tdn s6) va dép Gng pha-tan so (thudng goi 1a ddp ting pha).

Néu K 1a khong déi trén sudt truc tan s6 thi tin hiéu truyén qua sé khong bi mat mét thanh
phan phd ndo va ta cé tin hiéu khong bi méo, c6 chang chi bi tré di mot khoang thoi gian nao d6. Ta
n6i mach dién ¢6 déi truyén qua 1a 1y tudng (ddi truyén Aw tir -co dén +o0). Nhung trong céc mach

dién thuc t€, thudng K(w) khong dong déu trén suét truc tdn s6 ma cé dang nhu hinh 3.10.
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Do nhiéu nguyén nhan khdc nhau trong mot mach dién thuc, K chi goi 1a dong déu trong mot

dai tan so hitu han, con thi bat dau gidm déan

A

hodc tir mot tin s& thdp hodc giam dan tix
mot tdn s6 cao nao dé. Ngudi ta quy uGe ddi

truyén qua ctia mach 1a dai tan tir o, t6i o, 1a

Aw = o, - ® ung véi ty soO
K 1 L R
=——=~0,707. Néu tin hiéu truyén qua 0

mec \/5

mach c¢6 céc thanh phén tdn s6 ndm trong dai

oy O,

Hinh 3.10. Dai truyén qua ctia mach dién.
ndy thi c6 thé coi 1a khong bi méo sau khi di qua mach. Hai tdn s6 thap va cao (o, va ®,) tng véi

PR 1 SIS A A e
cicmic K, = K, =— goi la cdc tdn so cat.

V2

3.7. Cac phuong phap co ban phan tich mach dién tuyén tinh
3.7.1. Phuong phap tich phan kinh dién

Phuong phdp truc ti€p nhat dé phan tich mach dién tuyén tinh la giai hé phuong trinh vi phan
mo ta mach dugc xdc 1ap nho vao cic dinh luat Kirchhoff. Day goi 1a phuong phép tich phan kinh
dién. Theo phuong phdp nay, dé tim nghiém t6ng qudt cia hé phuong trinh vi phan tuyén tinh, ta
tim nghiém téng quit ca hé phuong trinh thuan nhét tuvong ing (phuong trinh c¢6 vé& phai bing
khong), sau d6 cong thém mot nghiém riéng ctia hé phuong trinh khong thuan nhat.

Hé phuong trinh thuén nhét ctia mach dugc 1ap nén tir hé phuong trinh téng quét véi viec triét
tiéu tat ca cdc nguodn tac dong trong mach (stic dién dong va dong dién). Nhu vay, vé mat vat 1y hé
phuong trinh thuan nhat ching qua chi dac trung cho mot ché do 1am viéc dac biét clia mach khi
khong c¢6 bat ky mot nguon tdc dong ndo. Ta goi d6 1a ché do t do va nghiém téng quat cha hé
phuong trinh thuén nhét cling duogc goi 1a nghiém tu do ciia mach dién.

Nghiém riéng cta hé phuong trinh khong thuén nhét 1a phu thuoc vao cdc nguén tic dong, do
d6 né con duoc goi 1a nghiém cudng biic ciia mach.

Theo 1y thuyét todn cao cip giai phuong trinh vi phan tuyén tinh d hoc, ta biét ring viéc tim ra
céc diéu kién ddu dé xac dinh cdc hing so6 tich phan ctia nghiém téng quét 1a rat quan trong. Trong
mach dién, cac diéu kién ddu dugc quyét dinh chi yéu trong céc thong s6 L va C, ma & day c6 thé
phét biéu duéi dang céc luat déng ngat. C4c luat nay quy dinh tinh trang trong cdc phan tlr quin
tinh clia mach & lan can nhiing thoi diém déng va ngat cdc ngudn tic dong ciing nhu cdc thong s
thu dong. N6i mot cach téng quit hon 1a & nhitng thoi diém c6 nhitng dot bién trong cdc thong s6
ctia mach. Véi hai loai phan tlr quan tinh ta c6 hai luat déng ngét sau:

a) Dong dién trong phan tir dién cam phai bién thién lién tuc ngay ca tai cac thoi di€ém c6 dot
bién trong céac thong s6 clia mach.

b) Dién 4p trén phén tir dién dung phai bién thién lién tuc ngay ca tai thoi diém c6 dot bién
trong cac thong s6 ctia mach.
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Céc luat déng ngat nay rat thuan lgi cho viéc tinh todn nhung chua du tdng quét va cé thé gap
mot s trudng hop khong thé 4p dung dugc. Liic d6 c6 thé dung cdc phdt biéu sau day téng quat
hon:

a) Téng cac tir thong mdéc vong trong mot vong kin phai lién tuc ngay ca tai thoi diém c6 dot
bién trong cdc thong sd ctia vong do.

b) Tong dién tich tai mot ndt chia mach phai lién tuc ngay ca tai thoi diém c6 dot bién trong
céc thong s6 cua cdc nhanh ndi véi nat do.

Zthh (0 +) = ZLklk (0 _)
S c,04)=¢,0,0-)

h va k chi cdc nhdnh cta vong kin dang xét sau va true khi xay ra dot bién, / va m chi cic

(3.6)

nhdnh n6i vao nit dang xét sau va trudc khi xdy ra dot bién; cdc thoi diém 0+ va 0- chi nhitng lan
can sau va trude thoi diém xdy ra dot bién.

Xét tinh chat ctia cdc nghiém. Nghiém tu do déc trung cho tinh chat riéng va tinh trang ban dau
ctia mach (tinh trang & céc thoi diém x4y ra dot bién). N6 chi phu thudc vao tinh chat ctia nguén téc
dong & mic do cdc nguén nay anh hudng dén tinh trang ban dau ciia mach. Trong nhiéu trudng hop
thuong gap, nghiém tu do c6 tinh chit dao dong xung quanh mot gia tri ¢6 dinh. Lic d6 né con
duoc goi 1a dao dong riéng hay dao dong tu do ctia mach dién.

Nghiém cudng biic dic trung cho quan hé giita mach vé6i cdc nguén tdc dong 1én né va xdc

dinh tinh trang trong mach & ché€ do xac lap.

R
Ta hay néu mot thi du tinh dién ap 16i ra U, L | 0
trén tu dién khi tic dong mot tin hiéu nhay bac don | _L I
1)U, c Ue
T,

vi 1én mot mach dién gém 2 phéan t&t R va C nhu

hinh 3.11 bang phuong phdp tich phan kinh dién.

Thiét 1ap phuong trinh Kirchhoff trong mach: Hinh 3.11. Tinh dién 4p U, trong mach R, C.

1
UR+UC=1R+Ej1dz=1(z)U0

1 dU
IR+—[Idt=0—>RC—5S+Uc =0
Phuong trinh thuin nhat la: ¢ at

R+L [1ar=1(1p,
C
Tir day cé nghiém tydola: Uy, = Ae™""®€ Trong qua trinh dimg, nghiém clia hé phuong
trinh 1a U,, vay: Up=Uy+Upy =U,+Ae™ %,
Véi diéu kién ddu U(0+) = U-(0-)= 0 = U, + A, tacé:

A=-U, vay: UC=U0(]—e_’/RC)
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Tém lai day 1a phuong phdp téng quit nhit dé tinh cac mach dién. Nhung véi hé hoi phiic tap
mot chut thi viéc giai cdc hé phuong trinh vi phan la rat khé. Vi vay, nguoi ta phai tim nhiing cach
giai khac don gian hon cho cdc truong hop cu thé. Ta s& xét 2 phuong phap phd bién nhu dugc trinh
bay ti€p theo day.

3.7.2. Phuong phap toan tir Laplace khao sat qua trinh qua do
Céc phép tinh toan tir da dugc trinh bay trong cdc gido trinh toan cao cip. Ta biét ring cip bién
déi Fourier trong cong thiic (2.18) chi dp dung cho céc ham s6 hoi tu tuyét doi, tic 12 tin hiéu s(t)
+00
phai thoa man diéu kién I s(t)dt 1a hitu han. Mat khéc viéc tinh tich phan trong cong thiic bién ddi
nguoc thuong khé khan. Vi vay ngudi ta thuong duge tién hanh viéc tinh todn mot cich don gian
hon nhd phuong phap tich phan vong cta bién d6i Laplace.

Dé xay dung cic phép bién ddi thuan va nguoc Laplace, trong cip cong thic (2.18) chi viéc

thay d6i s6 jw bang mot bién s6 phic p (v6i p = o+ jw). Nhu vay s& c6:

F(p)= Is(t)e"’”dt
- (3.7)

o+jo

s(t)= [Fepjerap

o-jo

Ham s6 F(p) dugc tinh tir cong thitc bién déi thuan Laplace ké trén goi 1a ham dnh Laplace clia
s(t), con s(t) goi 1a ham goc cla F(p).

Trong phuong phép todn tir ndy, ham s(t) - ham goc - mo ta dién dp hodac dong dién trong mach
s€ duoc thay th€ bang ham F(p) - ham dnh - lién quan don tri v6i ham g6c theo cédc cong thic bién
déi (3.7) trén. Ldc d6, hé phuong trinh vi phan mo ta trang thdi clia hé trong khong gian goc s& tr&
thanh hé phuong trinh dai s6 trong khong gian dnh. Va tat nhién viéc giai cac phuong trinh dai s
trong khong gian anh 1a dé hon so v6i cdc phuong trinh vi phan trong khong gian gdc. Sau d6, nho
céac phép bién déi nguoc, ta s& thu lai dugc cdc nghiém trong khong gian goc.

Thudng cic gi4 tri bién ddi goc - anh dugc tinh sdn va cho trong cdc bang tai cdc tai lieu k§
thuat nhu thi du sau:

Ham géc Ham anh Ham géc Ham anh
1(t) 1/p sin ot 1)
l(t)e’“t 1 cos wt p
pta o® +p*
RO 1 e/t _ /b 1
Ta-b (p-a)p-b) T a—b | (rap)ieip)
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Ta c6 thé diém qua vai dic diém co ban ctia phép bién déi Laplace nhu sau:
- Cé4c ham gian doan trong khong gian goc dugc bién déi thanh lién tuc trong khong gian
anh. Thi du ham 1(t) > 1/p.
- Phép dao ham trong khong gian gdoc sé trd thanh phép nhan véi p trong khong gian anh
va phép 1y tich phan trong khong gian goc s€ thanh phép chia cho p trong khong gian

anh:
s(t) < F(p)
4 st) & pF()-s(0)
dt
0
js(t )dt
j s(t)dt o Fp) %
p p

Cic diéu kién dau thuong 14y bang khong.
- Céc bién déi tuyén tinh ctia ham goc cling tuong Gng v6i ham anh:
A.s(t) © A.F(p)
5(8) = 5,(t) + 85(t) +... PN F(p) = Fy(p) + F>(p) +...
- Phép dich (tré) ham gbc di mot thoi gian T sé tuong tng véi phép nhan véi e ™
s(t - 1) < e "PF(p)

Ta hay 14y mot thi du 4p dung phuong phdp toén tir Laplace dé tinh dién 4p 16i ra Uy trong mot
mach dién goém hai phan tir RC khi tdc dong mot tin hiéu ham don vi 1én mach nhu hinh 3.12 sau.

1 1
Vi Up =—|I(t)dt =—|Udt,
e J RC JUx
Theo dinh luat Kirchhoff ta c6 phuong trinh vi S °
tich phan cua mach trong khong gian goc: T
1)U ! R Ur
1
Uc(t)+UR(t)—EJ.URdt+UR—l(t)UO ) l
Dua vao bang chuyén ddi, ta c6 phuong trinh dai Hinh 3.12. Mach RC 16i ra trén R.
s0 trong khong gian anh nhu sau:
;UR(P)“‘ UR(p):iUo
PRC p
1 1

Giai ra dugc: U,(p)=U, =U,

Tra nguoc lai bang c6 dang:
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(e « L

U (0) =100,/ " e vy, !
p

L b
RC

Phuong phép toén tir Laplace duoc sit dung trong cdc trudng hop téng quét clia mach dién, dac
biét 1a khao sat cac qua trinh qua do.

3.7.3. Phuong phap bién dé phitc khao sat qua trinh ding véi tin hiéu diéu hoa

e Bién do phiic

Ta da biét ring cap bién ddi Fourier cho phép phan tich cdc tin hiéu bat ky thanh cdc thanh
phén di€u hoa. Vi vay, mot phuong phdp phan tich trang thédi cia cdc mach dién rat hitu ich 1a khao
sdt trang thdi dimg ctia mach khi tdc dong mot tin hiéu diéu hoa c6 tdn s6 nao dé. Thudng sir dung

cong cu toan Ia cach biéu dién phic cho cdc thanh phan diéu hoa nay trén co s ctia cong thic O-le:
0 =cosO+ jsinb (3.8)

e]

Do d6, khi ¢c6 mot tin hiéu diéu hoa s(t) = Aycos( @t - @),

Ta c6 thé viét: s(1) = Re{d,e’ )} (3.9)
- } -

Nghia l1a néu dat: S = Aoef(“”_‘”) thi s& ¢6: s(t)=ReS (3.10)

R

S duoc xdc dinh nhu trén goi 1a cdch biéu dién phirc (dién dp phiic, dong dién phiic, siic dién
dong phiic, v.v...) cta s(t).

Con c6 thé viét tach ra hai thanh phan phu thudc tin s6 @ va géc dich pha ¢ nhu sau:

S=Aee™ =§ e G.11)
Trong d6 S=A,e ™ goi 1 bién do phikc cia dién p s(t). N6 chi rd bién do va géc pha dau ciia
stc dién dong nén nhicu khi v& phai con dugc viét dudi dang 4,Z¢ .
Vi trong trang théi dimg cdc thong s6 tac dong trong mach 12 diéu hoa ¢6 ciing tdn s6 ® nao dé6
jor

nén thita s6 e’ trong qu4 trinh tinh todn trung gian diing c4ch biéu dién phic 12 khong can thiét va

thudng chi can cdc tinh toan lién quan dén bién do phiic cha né. Chi sau khi tinh todn xong, cin
chuyén nguoc lai tir cdch biéu dién phitc vé cach biéu dién theo thoi gian méi can dua thém thira s6
e’“ nay vao bién do phiic roi 14y phan thuc ctia s6 phitc dé.

Mot dac diém quan trong trong céch biéu dién phic 1a cdc todn tir vi phan va tich phan tr&

thanh cdc todn tr nhan va chia don gian gid tri phdc cho (jw). Thuc vay:
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H . .
Xétcap s(t)=A,cos(wt— @) < S =Se/

Néu 14y vi phan, c6:

-

. d
ds(t) =—wA, sinfot—@) < ﬂz(ja))Se/“” =(jo)S (3.12)
dt dt
Néu 14y tich phan, cé:
A - L —
Is(t)dtz—osin(wt—w) VRN J.Sdt:_iSe”‘” Z_LS (3.13)
12 jo jo

Tir day c6 thé xay dung cdc budc phan tich bing phuong phap bién do phiic cho mach dién &
trang thai dirng nhu sau:

1. Thiét 1ap hé phuong trinh vi tich phan tuyén tinh cua th€ hoac dong dién thuc cia mach
trén co s& cac dinh luat Kirchhoff.

2. Chuyén sang hé phuong trinh dai s6 twong ting véi thé hodc dong dién phiic theo céc
quy tac bién déi vi tich phan nhu trén.

3. Giai hé phuong trinh dai s6 nay tim cdc nghiém phuc.

4. Lay phan thuc ciia nghiém gén cho thé hodc dong can tinh (néu ngudn tin hiéu cé dang
cos) hodc 18y phan ao (néu c6 dang sin).

Thi duy, giai hé phuong trinh vi phan clia mach dién & trang thdi dimg sau:

dl(t) 1 ‘
=R+ Ejm)dt =U, cos(art — @)

Chuyén thanh phuong trinh dai s6 v6i bién do phic I:

. . 7 . . . .
joLi +Ri +——1i=U v6i  U=Uye™

joC
Tir day tinh dugc: I= v
joL+R+——
J
hay: T =iei = Upe ™ el
joL+R +;
joC

LAy phan thuc cta biéu thiic nay s& dugc dang phu thudc thoi gian ctia dong dién trong mach.

o Tro khang phirc
Trd khang phic 1a ty s6 giita dién dp phuc trén dong dién phiic cta cdc phan tir dién trg, dién
cam va tu dién.
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- 7 it ’
2=V U U (3.14)

~y|y

Ie/™
Do dién trd khong phai 1a phén tir quan tinh (g6c 1éch pha giita th€ va dong trén n6 bang 0) nén
trd khang phic clia n6 ciing chinh bang gia tri dién trd va khong phu thudc vao tin so.
Xét cuon cam c6 dong chay qua dang ,(t) = I,cos(awt — @)
Ta c6 dién 4p sut trén dién cam L bang:
dl; (1)

U,(t)=L i :—Lloa)sin(a)t—(o)

V4 . {(cr—p) R
=wlLl cos a)t—(p+3 =Re joLl e’ ?) =Re joL I,

Hay viét duéi dang phc:

- -
U, =joll,
Vay trd khdng ctia cudon cam & tan s6 @ duoc goi 1a cam khdng va bing:
-
Zi(w)=z—L=ij (3.15)
I

Xét tu dién c6 dong chay qua dang [.(t) = I,cos(wt — @)

Ta c6 dién 4p sut trén tu véi dién dung C béng:
1 1 .
Ue(t)= EJIC (i =— 1 sin(art —p)

. d
=L10 cos(a)t—(o+£j=ReLloe-’(“”m :ReL Ic
wC 2 joC jwC

J
- ] -
Uc=——+Ic
joC
Vay trd khéng cua tu dién 0 tin s6 @ dugc goi 1a dung khdng va bing:
-
> 1
ze=Ye_ 1 (3.16)
Ic

R6 rang trd khdng cua cdc phan tir dién cam va dién dung 1a cdc s6 &o thudn tuy va do dé
ngudi ta goi ching 12 cdc phdn tit thudn dién khdng, chiing dac trung cho su tich luy niang luong clia
mach dién. Trong khi d6 tr& khang ctia mot dién trd 1a mot s6 thuc, dac trung cho su tén hao ning

lugng trén mach.

Xét tré khdng clia mach dién gém céc thong s6 R, L va C méc ndi ti€p vdi nhau:

> . 1 ) 1
Z=R+_/a)L+.—=R+.1(a)L——]
joC aC
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Ta thdy v6i mot mach bat ky nhu vay, tré khang téng cong 1a mot s6 phiic trong d6 phan thuc
goi la dién trd va phan ao goi 1a dién khang. Hinh 3.13.a Ia trudng hop gid tri tré khdng mang tinh
cam khéng khi vecto Z ndm & nira
mat phing trén truc thuc va
truong hop & hinh 3.13.b thi gid  oL-1/«C
tri nay lai mang tinh dung khang.

Vé6i cac khdi niém vé trg i1 R
v I T
khang nhu trén, ta c6 thé 4p dung ’ z i
. A N oL-1/oC Y----------% .
ngay dinh luat Ohm cho mot z
mach dién ¢6 nguén tin hiéu l1a
’ ) ’ (a) (b)

dao dong dicu hoa ¢ trang thai Hinh 3.13. Tr6 khéng ctia mot mach dién trong hai trudng hop.

dung.

3.7.4. Phan tich mach dién bang ti cuc tuyén tinh

a) Cdc thong s6 cia mot tir cuc tuyén tinh

Ngoai viéc phan tich mach dién tuyén tinh dua vao cdc két cau chi tiét cua né nhu cic cach
trén, con mot cach khac 1a xét né mot cach toan bo, khong chi y dén két cau chi tiét ciing nhu phan
ung trong ting phan tir cia mach. Véi cach xét nhu vay, mach dugc coi nhu mot hé théng véi mot
sO clta vao uy, Uy, ..., U, Va cliara yy, y,, ..., ¥, 120 d6 nhu hinh 3.14.a.

zZ N ke
Uy > — Y1 R
> —
U I > Y2 E U«l luz Z;
Uy > IV
(a) (b)

Hinh 3.14. a) Hé thong tuyén tinh, b) T cuc tuyén tinh.

Nhu vay diéu cdn quan tam & day 12 m6i quan hé giita cdc tin hiéu vao va ra cung tr& khing
nguodn tin hiéu Z; va tr6 khang tai Z; chi khong phai cdc chi ti€t bén trong mach. Trong céc hé
thong nhu vay, dién hinh 1a hé thong c6 hai clra riéng biét, mot cira dé dat tdc dong vao, mot clra dé
14y ddp ting ra goi 1a hé thong tir cuc nhu hinh 3.14.b. Nguén tdc dong vao c6 thé 1a ngudn dién ap
gém siic dién dong E va trd noi Z; nhu hinh v&. Ciing c6 thé 1a nguén dong dién dugc biéu dién
bang mot mdy phat dong khong déi mic song song véi dién din Y. Tai 16i ra 6 mac tai Z;.

Mot tit cuc tuyén tinh nhu vay sé c6 céac thong s6 can quan tam: thé va dong vao U,, I,; thé va
dong ra U,, I,; tr6 khang vao vara Z, = U,/ I,, Z, = U,/ L. Trd khéng ra clia ngudn tin hiéu va tr&
khang tai anh hudng tdi cic thong s6 nay.

Cic thong s6 ctia mot tf cuc tuyén tinh dugc biéu dién qua cdc hé phuong trinh tuyén tinh lién
hé giita cac dién dp va dong dién 16i ra vé6i dién ap va dong dién 16i vao nhu sau:

I, =Y,U,+Y,U,

o H¢ phuong trinh ddn nap:
‘P 8 i I,=Y,U,+Y,U,
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1 1
Y, _U_I U,=0 Y, _U_1|U,:()
Trong do6 céc h¢ s6 dan nap Y, dugc xdc dinh: 11 12
Y, =-2%|,_ Y, ==,
21 U1 U,=0 22 Uz U;=0
o H¢ phuong trinh tro khdng:
Uy =2yl + 231,
Uy=2Zyl +Zpl,
U
211—1—|12=o 212—1—1|1,=0
Trong d6 cdc h¢ s6 tro khang Z; dugc xdc dinh: Ul 5
i U, B

o H¢ phuong trinh hén hop:
Uy =hpdy + hpU,
I =hy 1y +hpU,

U U
h =I—l|u2:o hya :U—1|11:o
Trong d6 cdc h¢ s6 4; dugc xdc dinh: 11 ) z
e -2
hyy = I, |U2:0 hy, = U, |11:o

Co6 thé suy ra y nghia ctia céc thong s6 trong cdc hé phuong trinh nay nhu sau: Z,; chinh la tr&
khang 16i vao khi hd mach 16i ra (I, = 0), Z,, 1a trd khang ra khi hd mach 16i vao (I; = 0), h;, 1a tr&
khéang 16i vao khi doan mach 16i ra (U, = 0), h,, 12 dién dan 16i ra khi doan mach 16i vao, h,, 1a hé
s0 truyén dat ngugc vé dién dp, h,, 1a hé s6 truyén dat thuan hay hé s6 khuéch dai vé dong dién,
v.v... Thudng cic hé s6 nay dugc cho sin trong céc tai liéu ky thuat kém theo cac phan ti linh kién
dién tir dugc coi la mot ti cuc. Cac hé s6 nay ciing ¢6 thé do duge dé dang tir cédc thiét bi trong
phong thi nghiém.

Tur cac hé phuong trinh trén c6 thé tinh dugc céc phén tir cha ma tran mot hé s6 nao dé theo
cdc phén tr chia ma tran hé s6 khac. Thi du, Z,, =h/h,, v6i h=h,h,, —h,h,,, v.v... Ciing c6 thé

tinh dugc cac dac trung cla td cyc theo cac hé s6 nay, thi du:

. U Y ZZ
Heé s6 truyén the: K, =—2=—2L - 2177

Ul YT_YZZ ZIIZT_AZ

VOl  AZ=Z,Zy —Z,Zy

. NP 1 Y,,Y, Z .-
Heé s6 truyén dong: K, =—%+=—"27 -~ V6i  AY =YY, — VY,
L Yy =AY Zp-Zy

Trd khang vao: Z, = v, _%-Y, _2,Z-AZ

' 11 _YIIYT_AY_ ZT_ZZZ

U Y;; +Y; ZZ. +AZ
Tro khang ra: Zp=—f=—_MT71 _T2%

I, YV, +AY  Z;, +Z,

Vé6i Y, va Z, tuong ting l1a dién dan nguon dong va tré khang nguodn thé.
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Phuong phéap khao st mach dién nhu mot td cuc tuyén tinh dugc st dung rét tot cho phan tich
cdc mach dién hoat dong véi cdc tin hiéu cé bién do nho. Khi dy céc doan dic trung V-A cta phan
tlr ¢6 tin hiéu truyén qua c6 thé dugc coi 12 duong thang va phan tir dugc coi 1a mot tif cuc tuyén
tinh.

b) Ghép cdc tir cuc vdi nhau

C6 hai cdch ghép phé bién cdc tit cuc vdi nhau: ghép néi ti€p va ghép song song.

e Nhiéu tif cuc ghép ndi ti€p véi nhau thi dong dién cdc clra 1a chung, con dién dp trén toan bo
bang téng dién 4p trén mai clra clia timg tit cuc riéng phan (hinh 3.15). Cic phép tinh chitng minh
rdng ma tran tr& khang clia hé théng bing téng cdc ma tran tré khang thanh phan.

Iy I

[ZI] ]1= 111=]”1
U, [ ] U L=I,=1,
U, =U,)+U",
(2]
o— o U,=U",+U",

Hinh 3.15. Ghép néi tiép hai tit cuc.

e Nhiéu ti cuc ghép song song véi nhau cho dién dp & céc cira 1a chung con dong dién chung
cuia toan bo bing téng cdc dong dién & cdc cla mdi td cuc (hinh 3.16). Ma tran dén nap cla hé
thong céc ti cuc mac song song bang tong cac ma tran dan nap ctia méi ti cuc.

Ngoai ra con ¢6 cdc cach ghép khac: n6i ti€p—song song, song song—ndi tiép, noi day truyén.

— ] ™ o nmnen
L=I,+1"
| >
" I Uu=U,=U"

O—\ [Y" /O
U2=U12=U"2

Hinh 3.16. Ghép song song hai tit cuc.
¢) Cdc so do tuong duong cua tir cuc
Trong cac hé thong so thi hé thong s6 Y va i dugc cho trong cac tai liéu k¥ thuat va hay duoc
dung hon ca. Phuong trinh d4n nap Y dugc xay dung tir so d6 twong duong hinh 3.17 va phuong
trinh hén hop 4 tir so d6 twong duong hinh 3.18.

Ui Y1 l l Y2 U,

YU, YUy
O O

Hinh 3.17. So d6 twong duong din nap ctia mot mang ti cuc.
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U, b é?l holy | Uy
hﬂ

(o, 0]

Hinh 3.18. So d6 tuong duong hén hgp clia mot mang ti cyc.
3.8. Phan tich cac mach thu dong dién hinh gém cac phantirR,Lva C

Cac mach thu dong RLC c6 ¥ nghia rét 16n trong k¥ thuat dién t&r vi ching dugc tng dung rat
rong rai. Trong phan nay ta s& st dung cdc phuong phap todn néi trén dé khio sét ching.

3.8.1. Mach RC léi ra trén R

Nhu da phan tich, viéc tinh dac trung qua

do cha mach dugc thuc hién bang viéc dat
nguon vao 1a ham don vi 1(t) con viéc tinh dic
trung dimg dugc thuc hién bang céch thay o 5 l
ngudn d6 bang mot may phat dao dong diéu hoa

Uy = U,cos(ot — @) nhu hinh 3.19. Hinh 3.19. Mach RC 16i ra trén R.

Uocos(ot - ¢)
Uy=1(t)
Py
o
c—>
X

Uy

e Tinh dac trung qua do

Viéc tim dic trung qua do da duoc thuc hién bing phuong phap todn tir Laplace trong thi du
trén tai muc (3.7.2.), v6i nguon tin hiéu vao 1a ham don vi 1(t) va dd dan téi cong thiic tinh thé 16i ra
Ugla: Ug(e)=1(z)e™*¢

Dic trung ndy dugc biéu dién trén hinh 3.20. véi

cdc trudng hop: U= (t)1
t<0 = Uz=0
t=0 - Up=1 g
t>0 — Ugco6dang e mii Ur
t=1=RC — U=l/e giam di e lan. 1
Gid tri T = RC duoc goi la hdng s6' thoi gian cia Ver-— y
mach. 0 =RC

Hinh 3.20. Dac trung qud do

Truong hop dac biét khi tin hiéu vao 1a mot xung -
mach RC 16i ra trén R.

vuong don vi U, nhu hinh 3.21.a. Xung nay c6 thé dugc
coi 1a hiéu ctia hai ham nhdy bac don vi Uy, va U, tré so véi Uy, mot khoang thoi gian bing do

rong xung t,. Vi dién dp U,, s€ 1a dién 4p x€p chong clia hai dién dp U,,; va U,,, nén khi t > t, ta c6:

U :efl/r _e*(H/)/r :efr/r(]_e!,/r)

ra
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Con khi t<t, chi c6 mot xung Uy, tic dong, nén: 1 (a)

—t/ >
Ug=e""" v >t

Dang tin hiéu téng hop & 16i ra nhu hinh 3.21.d. |

e Tinh dac trung ding
Duing phuong phép bién do phuc ta ¢6 hé s6 truyén phic

ctia mach la:

. . Uy, (c)
o U, RI R 1
U, 1 ) > t
R+——|I R+—— I+- i
joC joC JjoRC :
U |
o 1 __oRC ; \| (d)
I+ 1 \/ 1+ (a)RC )2 >t
(wRC )2 V
1
Q=arctg—— 3.17)
wRC Hinh 3.21. Tin hiéu vao la xung vuong.

D6 thi cta hai dic trung dimg: ddp ting bién do va dép ting pha nhu hinh 3. 22. sau:

@ =1/RC

Hinh 3.22. Dép ting bién do va pha ctia mach RC 16i ra trén R.

Trén d6 thi thdy ring mach dién cho qua dé dang cdc tin hiéu c6 tan s6 cao nhung lai lam suy

giam cdc tin hiéu trong dai tan s6 thap. Vi vay mach nay goi 1a mach loc thong cao (high-pass

filter). Ta hiy tinh tin s6 cét o, tng véi hé s6 truyén K = iK cuia mach loc:

\/E max

K, o,RC 1 1

K. \I+(orCy 2 RC

Vay dai truyén qua clia mach loc 12 tr tAn s6 o, = % dén oo

e Mach vi phdin RC
Vi cdc tin hiéu vao c6 tin s6 o << o, (hay T = RC nhd) va U,, << U,, thi trong phuong trinh vi

phan ctia mach:
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U, +-L [Udr=v,
RC

c6 thé bd qua s6 hang U,, bén v€ trai va dién 4p 16i ra ldc nay coi nhu ty 1é truc ti€p v6i vi phan
ctia dién ap vao va thuong mach dugce goi 1a mach vi phan RC:

zRcdi

1
EJ'UmdtzUV - Ura dt

(3.18)

3.8.2. Mach RC léi ra trén C

Ta c6 thé tinh duoc ngay cdc dic trung R
: s o - )
ciia mach RC 16i ra tren C (hinh 3.23) tr _ J_ T
két qua cua mach RC 16i ra trén R nhu sau: g Zg ! ! Uc
> c
o Tinh ddc trung qua do IDI> I_ o T o) l
U-=Uy -Up = ](l)—eil/r Hinh 3.23. Mach RC 16i ra trén C.
Hay: U, = I(Z)(] et ) U=10
1
Ta c6 dac trung qua do nhu hinh 3.24.
t<0 - Uc=0 oot
t>0 — U, tang theo ham e mi
t=w0 = Us=1lt=1=RC .
1 0 7=RC
- U.=1-— Hinh 3.24. Dic trung qué do ctia mach
e RC 16i ratrén C.

RO rang hang so thoi gian 7 déng vai tro 1a do do thoi gian xdc 1ap dién dp ra. N6 biéu thi thoi
gian dé qué trinh dat tGi gid tri kém gid tri xac lap (Uc = 1) mot luong bang 1/ e phan tri s6 budc
nhay dién 4p vao.

Khi tin hiéu vao 1a mot xung vuong don vi, tinh tuong U,
tu nhu trén ta cé dang tin hiéu ra nhu hinh 3.25.

Khi t<t, —
Uy =Uc=U,; ~U,, =(1=7)=(1=¢0)7)

Khi t>t, - U, =Us=1-¢"""

o Tinh ddc trung diung

Dung phuong phap bién do phiic ta cé hé so truyén Hinh 3.25. Tin hiéu vao la mot

phtic cia mach la: xung vuong.
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1
_U_C_ jaC B 1
7, . I+ jwRC
Uy {R+ 1 Jl + jo

K(jo)
joC
Tir d6 tim dugc hai dép dng bién do va pha. D6 thi ctia chdng trén hinh 3.26.

1

Ko)= J1+(@RCY (3.19)

(p(a)) =—arctgwRC

K]

TCIEER

o =1/RC

Hinh 3.26. Dac trung bién do va pha cia mach RC 16i ra trén C.
Ta nhan thdy mach dé dang cho qua cdc tin hiéu trong dai tdn thap nén day 1a mach loc thong
thdp (low-pass filter) vdi tin s6 cit w,, = 1/ RC va dai truyén qua ctia mach loc 12 tir 0 dén .
e Mach tich phdn RC

Véi céc tin hiéu vao ¢6 tan s6 ® >> ., hay U,, << U, thi trong phuong trinh vi phan cta

mach:
dU
RC——-U,=U
i c 14
C6 thé bo qua s6 hang U, = U, beén vé€ trai va dién dp 16i ra liic ndy coi nhu ty 1€ truc ti€p vé6i
tich phan cta dién ap vao va thuong mach duge goi 1a mach tich phan RC:
du,, 1
RC—“=~=U, — U,,~—|Uydt 3.20
dt Y " RC I Y G20
3.8.3. Mach RLC mic néi ti€p — Hién tuong cong huong dién thé
Khao sdt mot khung méc ndi ti€p ba phan ti R, L va C nhu hinh 3.27.
o Phdn tich qud trinh qud dé
Khi cho nguoén tin hiéu 12 ham nhay
bac don vi 1(t) ta c6 phuong trinh mo ta
trang thai mach dién nhu sau:

Ugcos(ot - @)
Uy=1()
|
ITo

%

Il
R1+Ld—+—j1dz=1(z) i o
d C Hinh 3.27. Mach RLC néi tiép.
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Dung phuong phap todn tit Laplace, chuyén sang phuong trinh dai s6 trong khong gian anh:

1 1
Ri(p)+pLl(p)+—1(p)=—
pC p

— I(p)= = ! = !
I 2 PR 1 j_L(P—PJ)(P—Pz)
R+pL+— | Lip +—+—
p( P pCJ (p L LC
Vi R, R—Z_L=—5+ﬂ
PR=0r a2 e °7
2
édﬁy 5E£ va f= R——L
2L 412 LC

Tra nguoc bang anh-gdc ta c6 nghiém trong khong gian goc:

Pt _ P2t
](t):i_izie*&(eﬂt _e—ﬂz)
L p,-p, 24

Xét cac truong hop véi cac fkhac nhau:

- z ~ ~ L . ~ 2, 7z 2 z
+ Néu fla so thuc, nghiala R > p= 2‘/6 (p dugc goi la tro séng cua mach) ta co:
1 _ . PN \ .
I(t) = E e &shﬂt, dong dién trong mach c6 dang tat dan nhu mo ta trén hinh 3.28.a.

, . o : I R’
+ Néu flaso ao, nghiala R<2p taco thé viet f=jo Vol o=,|——-—
LC 417

1 R .
Khi d6: 1 (t) = p e sinar, dong dién trong mach 1a mdt dao dong di€u hoa c6 bién
10)

do giam dan theo thoi gian (dao dong tat dan) nhu hinh 3.28.b.
+ Néu f=0,nghiala R=2p tacé:

1(t)= %e_& , ta ¢6 dao dong nhu hinh 3.28.c & dang giGi han cua 2 trudong hop trén.

It) It) I(t)

(a) " (b) (©)
Hinh 3.28. Dang dao dong trong khung véi cdc 3 khdc nhau.
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e Phdn tich qud trinh dirng

Khi tdc dong lén khung mot tin hiéu diéu hoa U, = U cosar ta co:
- Téng trd phiic clia khung 1a:
Z=R+ j(a)L - L)
wC
_ 7 ) oL - !
Do dé |Z| =.|R? +[a)L ——j q):arctg—wc
wC R

Ta thdy Z cuc tiéu va bang R khi

1 1
oL———|=0 hay ow=w,=———
( a)CJ g ‘o JLe

@, dugc goi 12 tdn s6 dao dong riéng ciia khung. Tai tin s6 ndy, tong trd clia khung 12 cuc tiéu

va bang R va gbc léch pha ¢ ciing bang khong.

- Tinh dong qua khung:

|i|:—,: khi = @, ta c6: |j|=1max=%

Néu vé d6 thi su phu thuoc cta I vao tan s6 tin hiéu vao ta s& ¢c6 mot dudng cong c6 gia tri cuc
dai tai tdn s6 ® = o, (hinh 3.29.) goi 1a duong cong céong huong. Ta ndi, khi tan s6 tin hiéu vao
béng ddng tan s6 dao dong riéng clia mach RLC thi trong mach xay ra hién tuong cong huong.

Tinh dién 4p trén cdc phan tir chia mach trong o 1 L
diéu kién cong hudng: 1

Pién 4p trén cudn cam: 5
ién ap trén cudn ca TN, 3 T a-

U, =jo,Ll = ja)oL% = jQU,

Lch

Dién 4p trén tu dién: >

® =0

1 . ) U ) N N A A
I=—j =—joU, Hinh 3.29. Duotng cong cong hudng.

U, == Yy
Cch onc a){)c R

@b __ 1 _1 % trong hai biéu thitc 14 nhu nhau va dai luong nay

Ta thdy dai luong 0 =22~ = 1
ydailugng Q=—pm=—r=g

duoc goi 1a hé s6 phdm chdt ctia khung. Cic dudng cong cong hudng I(m) vi Z(w) c6 dai truyén
qua tinh dugc bing Aw =, / Q. Do vay néu hé s6 pham chét Q cang I6n, dai truyén qua cang hep

(dudng cong cong hudng cang nhon); ta néi rang khung c6 tinh chon loc tin s6 cang cao.
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Néu vé d6 thi ctia hai vecto thé trén cudn cam va tu dién & tdn s6 cong hudng ta s& thay: khi
cong hudng, bién do dién dp trén cac linh kién thanh phan L va C nay cua mach s€ 16n gap Q lan
bién do tin hiéu vao. Thi du véi cdc mach cong hudng thong thudng, Q cb ¢ tir 10 dén vai tram nén
bién do nay trd nén rat 16n. Tuy nhién vi ching c6 pha ngugc dau nhau nén tong dién dp tic thoi
trén doan mach d6 1a bang khong. Hién tuong dac sic ndy duoc goi 1a cong huong dién dp. Lic

ndy dién 4p trén dién trd R cling dat t6i gid tri cuc dai va bang chinh dién 4p tin hiéu vao U,

Truc 3o
—
U
Q> Q,
U)V=_U)R Truc thuc
Q,
— —
U =-U; Q;
> ©
—_
Uc

Hinh 3.30. Céc vecto dién 4p trén cdc phan ta R, L, C va dang dudng cong
cong hudng phu thudc vao hé s6 pham chat Q ctia mach.
3.8.4. Mach RLC maic song song — Hién tuong cong hudng dong dién
Hinh 3.31 12 mot thi du vé mach gém céc phan tr R, L va C dugc méc song song v6i nhau
thanh mot khung. O day R thuong 1a dién trd thuan clia day cudn cuodn dién cam. Ry 1a dién trd
mach ngoai khung. Cac phép tinh din dén két luan la: khi tan s6 tin hiéu bing tdn s6 ®,, trong
khung ciing xay ra hién tugng cong hudng. Lic ndy trd khang cta khung 1a cuc dai va bing:
P’ 1 Ry

Z,=2,  =—.|l+—
0 max R QZ

2,0 L LEEEN 9, ’ 9
véi p= "E goi la tro séng cua khung.
Uy=Uycosot

Khi he s6 phdm cht clia khung Q >> 1 thi c g
trd khdng nay tai tin s6 cong hudng bang:

Z :Z _pzz(a)OL)ZZ ]

0 max —p R (a)o RC)2 Hinh 3.31. Mach RLC méc song song.

o

Dong téng s& 1a cuc tiéu nhung dong trong mdi nhanh hau nhu 16n gép Q 14n dong mach ngoai
nhung ngugc pha nhau. Ta c¢6 hién tugng cong huong dong dién trong khung RLC mac song song.

3.8.5. Khung cong huong lién két hé cam RLC

Cic khung cong hudng don nhu ké trén c6 do pham chét cao va dai truyén hep. Do vay trong
mot sO trudng hop muén mé rong dai tdn nhung van nang cao tinh chon loc ngudi ta phai lién két
hai hay nhiéu khung cong hudng vé6i nhau. So d6 khung lién két ¢6 hé s6 hdé cdm M nhu hinh 3.32.
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R, R

L T 1 M L f

Uy=U,cosot L) L L( 1 p—
C
| |
1
C;

Hinh 3.32. Khung lién két RLC.
Viét phuong trinh cho dong dién phic trong mach, dé don gian ta tam bo dau sao nhung hay

nhé ring cdc dai lugng nay déu 1a phic:

1
U=R]I, +joLl, — j—I, + joMI,
oC,

1
0=R,I, +jowlL,I, —j 1, + joMI
2dy + JWLy Ly Ja)Cz 2t J 1
. 1 N 1
Goi X,=wL,——— va X,=wlL, ———
oC, Cy
. fooMI N N At s 1t TiA
Ta c6: 1, :—]a)—l, dat vao phuong trinh mot va ky hiéu 222 ER22 +X22
Ry + jX,

2202 2202 22072
> U=I, R,+,;'X,+ﬂ =1, R,+jX,+wA:1 Rz—ja)lt/l X, |=12,
R, + jX, Z, )

2
2

2 2 2 2
p M M
trong d6 thE[Rl+wZ—2R2]+j[X1—wZ Xz}Ede +jX
2

Nhin vao biéu thitc nay ta thay hai khung lién két c6 thé duoc thay bing mot khung don cé
dién tr& tuong duong R,, va dién khang tuong duong X, trong do;

2142 24,2 R
oM N oM d
Ry=R +2——"—R, VA X,=X -"—-X, —
2 Z,

R& rang phan dién trd va dién khang cua khung Uy=Ugcosot Xitg

mot da bi anh hudng boi khung hai khi né bi thém vao
21,2 21,2
cdc thanh phan —R, va - oM 5.
2 Z, Hinh 3.33. Khung tuong duong clia
Ta s& khao sat dac tinh cong hudng cta khung. hai khung lién két.

Khi thay cac dai luong twong duong vao ta dugc mot khung cong hudng ndi ti€p nhu hinh 3.33.
Giong nhu khung cong hudng ndi ti€p don da xét, hién tugng cong hudng xay ra khi dién khang cta
mach tuong duong bing khong.

Xtd :(C()L] _L

B o’ M?
oC

oL, —LJzo

Wi

R, +[a)L2 -
2
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M
o Néu hai khung lién két manh (M 16n), hé so'lién két y =

~
~

LL,
Goi n’ !

_ 2

= 5 n
LICI ?
2

5 ~ n,
nho ta s€ co: [1——

> J(l—g}zz hay a)4(l—;(2)— ® (nlz —n22)+ n’ny> =0
® ®

Giai phuong trinh nay sé xdc dinh dugc hai tdn s6 cong hudng ®, va ®,. Hai tan s6 nay chi

=T 12 cdc tan soO riéng phan clia khung 1 va khung 2 va khi R, rat
205

tring véi hai tan s6 riéng n, va n, khi y = 0 (tiic 1a hai khung khong con lién két). Néu y # 0, hai tin
$0 ®; va ®, & ndm ngodi n, va n, (hinh 3.34).

Hinh 3.34. Cong hudng khi lién két manh.
o Néu hai khung lién két yéu (M nhd), hé so'lién két y =

1Ly
Khi d6 khong thé bd qua su c6 mat clia dién trd tén hao R, trong khung hai. Ta c6

Vi wL, # 0nén biéu thic trong ngodc vuong phai bang khong. Khi hai khung hoan toan giong
2

nhau (L,=L=L;C,=C,=C;n,=n,=n) va dat ¢ zl—n—2 1a do léch tdn 6, c6 phuong trinh:

o

2
1-—%_|-0
5( d,’ +§2J

Phuong trinh nay cé 3 nghiém:

E=0

Er=t 2 —dy’ ¢6 hai nghiém thuc khi 3> > d,>

Khi 7% <d,” (lién két yéu), thi &, lado va chi con mot nghiém thuc £=0.

- W, =n

%

Nhu vay khi lién két yéu ta c6 mot tan s6 cong hudng @, = n. Con khi lién két manh ta cé hai
tan sO cong hudng @, va @, cdch xa tan so n. Hinh 3.35. cho cdc dudng cong cong hudng trong céc

truong hop nay. Nhu vay, mac du hai khung hoan toan giong nhau thi néu tang do lién két sé cho
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phép mé rong dai tdn s6 cong hudng ctia khung tuong duong. Nhiéu khi ngudi ta sir dung 3 hoic 4
khung giong nhau lién két s& cho dugc ving truyén qua rong hon nita.

x=d,

Lién két manh e
x> d, Lién két yéu

x<d;

(O (O3

Hinh 3.35. Dudng cong cong hudng trong céc trudng hgp lién két khac nhau.

3.9. Lién két phan héi trong

mach dién U,

Lién két phdn hoi (hoi tiép) 1a viéc truyén

mot phan hay toan bo tin hiéu (dién dp hay
dong dién) tir 16i ra mach dién (thi du nhu mot
ti cuc) tré vé 16i vao thong qua mot mach
dién khéc (t¢ cuc khac) goi 1a mang hoi ti€p.

So d6 chung clia mot mach dién c6 lien ket Hinh 3.36. Mach dién ¢6 phan hoi.
phan héi duoc trinh bay nhu hinh 3.36.
Trong so d6 nay:
K= A 1a h¢ s6 truyén phiic cua mach khong c6 phan hoi.

v

B = Y 12 hé s6 truyén phitc ciia mach phan héi.
Ul'(l
K, = 12 h¢ so truyén phiic cua toan bo mach c6 phan hoi.
Uth

Trong thuc t&€ xay ra hai loai phan hoéi: thit nhét, ban than mach dién (bo khuéch dai) hay trong
cdc linh kién di xay ra nhitng khau phan hoi ky sinh (thi du, dién dung ky sinh ctia cdc dung cu
dién tlt ban din, v.v...) thudng lam x4u tinh ning ctia mach. Trong thiét k& 1ip rdp mach dién tir
thudng phai 1am cho loai phan héi nay cang nhé cang t6t. Thi hai, 1a mach phan hoéi do ta tao ra
ngoai mach dién (thi du bo khuéch dai) dé nhim thuc hién mot muc dich nao dé. 6} day ta chi xét
loai phan héi thit hai nay trong diéu kién mach dién hoat dong & dai tdn s6 khong qué cao.

C6 thé phan loai phan héi theo nhiing céch sau:

o Phdn logi theo pha ciia tin hiéu hoi ti€p: phan héi am va phan héi duong. Tin hiéu phan hoi
am ngugc pha véi tin hiéu vao nén lam yéu tin hiéu vao. Nguoc lai, tin hiéu phan héi duong dong
pha véi véi tin hiéu vao do dé né lam manh tin hiéu vao lén.

e Phdn loai theo dang tin hiéu: Phan hoi mot chiéu va phan héi xoay chiéu. Hoi ti€p 4m mot
chiéu thuong ding dé 6n dinh ché do 1am viéc clia cic dung cu dién tir trong khi héi ti€p am xoay
chiéu lai dung dé 6n dinh c4c thong s6 clia mot bo khuéch dai dién tir.
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e Phan loai theo cdch mdc mach phdn hoi. C6 4 cdch mac mang phan hoi véi mach khuéch

dai nhu dugc trinh bay trong cac hinh 3.37.

Uth K - ;Ura Uth K Ura
C—— 11 [—— =T~
p B
(a) (b)
Uty R K R TU,a Ui _ K HUra
11 1%
B | B
(c) @

Hinh 3.37. Bon loai mac mach phén hoéi.
- Phdn hoi thé - noi tiép (hinh 3.37.a) trong d6 thé 16i ra qua mach phéan héi dugc méc néi
ti€p vdi the tin hiéu vao U, .
- Phdn hoi dong - ndi tiép (hinh 3.37.b) trong d6 dong 16i ra (ty 1& véi thé trén dién tré Ry)
qua mach phan héi dugc ghép noi ti€p véi thé tin hiéu vao.
- Phdn héi thé - song song (hinh 3.37.c) trong d6 thé 16i ra qua mach phan héi dugc mac
song song v&i thé tin hiéu vao.
- Phdn hoi dong - song song (hinh 3.37.d) trong d6 dong 16i ra qua mach phan héi duoc
ghép song song véi thé tin hiéu vao.
Xét mot mach khuéch dai tin hiéu c6 phan héi. Tinh hé s6 khuéch dai toan mach (hé s6 truyén)
khi c6 phan héi K, theo hé s6 khuéch dai K va hé s6 phan hoi S . Xét trudng hop phan hoi the —

nai ti€p (cdc trudng hop khac ciing ¢6 thé chiing minh tuong tu).

Ta cé: Kf =$ U,=U,+Uy
Urh
K:£: Ura — Ura/Uth — Kf _
Uv U/h+U/- - U/‘a ]+ﬂKf
1+ p—
U!/z
- K,=K+KpK, = K, = —
1-Kp
Vi K=Ke™ p=p'" nén: KB=Kp oHlesen) Kpe”

V6i p=pg +¢, la goc lech pha giita tin hi¢u vao va th€ phan hoi.
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o Néu ¢ =2kxr v6i (k=1,2,..) tic 1a th€ phan héi tring pha vdi tin hiéu vao, trong hé xay

ra phdn hoi duong:

) .. K
Liacnaycé e/? =1 suyra Kf=K = K.=

y y p=Kp 'S ToKp
Néu Kp<1 thi K,>K vakhi Kf=~1 thi K, >

Nghia 1a phan h6i duong 1am tang hé s6 khuéch dai nhung ciing rat dé lam bo khuéch dai
khong 6n dinh va trd thanh mot mdy phat song.

e Néu ¢ =(2k+1)r, tic 1a thé phan héi ngugc pha véi tin hieu vao, trong he c6 phdn hoi dm.

Licnay c6  e/? =-1 suyra Kf=-Kf = Kf=1 [;ﬂ
+

Ta thay K;lu6n nho hon K va néu tang hé s6 phan hoi flén s€ cang lam giam h¢ s6 khuéch dai

ctia hé.

Xét tinh 6n dinh cta hé khi ¢6 phan héi duong va am so véi khi chua ¢6 phan héi. Tinh céc do
bién thién hé s6 khuéch dai khi c6 va chua ¢6 phéan hoi ta dugc:

K

ik, \1-Kp _(]‘Kﬁj”(ﬂx(z_m)dk
S %
Ky m []—K,BJ

Hay d.Kf: !
K ks

- Vi phdn hoi duong, ¢ =0 ta dugc:

K, 1 dK_dK

— =X
K, I-KB K K

;
Nhan xét: khi K thay déi mot lugng AK thi K , thay d6i mot luong I6n hon 1/(1 - K/ ldn. Vay
khi c6 phdn hoi duong hé kém én dinh hon khi khong c6 phdn hoi.

- Vi phdn hoi am, ¢ =rn ta dugc:

dK, 1 dK _dK

K

. I+KB K K
Ly luan nhu trén ta thdy khi ¢é phdn hoi dm hé sé on dinh hon so vdi khi khong c¢é phdn héi.
Ciing con ¢6 thé chiing minh dé dang rang phan héi am lam tang trd khang vao va giam tr&
khéang ra cia mach (1 + K£) 1an, con phan héi duong thi ngugc lai. Phan hdi am con 1am mé rong

dai truyén qua clia bo khuéch dai.
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CHUONG 4

LINH KIEN BAN DAN
VA CAC MACH DIEN TU LIEN QUAN

Céc linh kién dién t, trong d6 c6 cac linh kién tich cuc, tao nén cidc mach dién tir thuc hién
cac nhiém vu khuéch dai, gia cong x@ 1y tin hiéu. Trudc day cac dén dién tir chan khong (electronic
vacumm tube) hoat dong nhd hiéu ing phat xa nhiét dién t&r déng vai trd chinh trong hau hét céc
mach dién. Tir nhitng ndm 50 cta thé ky trudc, cdc dung cu bdn dan dién nhu diode, transistor va
sau d6 1a cdac vi mach don khéi (thudong goi 1a mach tich hgp vi dién tlr IC) ra doi da thay thé€ dan
cdc den dién tir ndy va cho t6i nay hdu hét cdc linh kién dién tir déu dugc ché tao tir vat liéu ban
dan. Do d6 trong cédc gido trinh mach dién tir hién dai, hdu nhu chi cdc linh kién ban dan va céc
mach dién lién quan méi dugce trinh bay. Vi ciu tao va nguyén 1y hoat dong clia cac dung cu nay da
duoc trinh bay trong céc gido trinh vé linh kién b4n din nén & day chi mo ta tém tit mot cdch don
gian nhiing nguyén 1y hoat dong clia chiing nhim phuc vu cho muc dich chinh 13 khao st cic mach

dién tir lién quan st dung dung cu ban dan.

4.1. Chat ban dan va I6p tiép giap p-n
4.1.1. Chat ban dan
Chéat ban dén 1a nhitng chat ma dién trd suat cta ching nadm gilta céc chat dan dién va cdch

dién. Dai dién trd sudt clia ba loai nay nhu sau:

Chat dan dién: 10° dén 10° Qm
Chat c4ch dién: 10’ dén 10" Qm
Chét ban dan: 10° dén 10" Qm

Dic diém ctia chat ban dan 12 cdc tinh chat dién clia né phu thudc rat nhiéu vao nhiét do, ndng
do tap chat, tic dung clia anh sang, buic xa ion hod, v.v...

Céc nguyen tir trong vat ran dugc sap xép tao thanh cdc mang tinh thé véi c4c hat nhan nguyén
tlr va cac dién tir hoa tri lién két v6i nhau. Chi cdc dién tir tv do khong nidm trong céc vi tri lién keét,
chuyén dong theo dién truong tic dong lén vat 1a c6 thé tao thanh dong dién.

Tai mot nhiét do nao do, thi du nhu & nhiét do phong, trong chat ban dan ¢6 mot s6 dién tir do
dao dong nhiét, bi bin ra khoi vi tri lién két va trd thanh dién tlr tw do tham gia vio viéc tao nén
dong dién. C4c dién tir d6 duoc goi 1a cdc dién tir ddn. Khi mot dién tir roi khoi vi trf lién két clia n6
s& dé lai sau minh mot vi tri trong va 1am cho cdc nguyén tir gin ké trd nén khong trung hoa va tich
dién duong. Vi tri tréng do sé “chuyén dong” nguoc véi dudng di cta dién tir din va ciing duoc coi
14 mot phan tir dan dién mang dién tich duong va dugc goi 1a I6 trong. Bing céch thém vao chét ban
dan tinh khiét, thi du Si c6 hod tri 4, mot it tap chat donor ¢6 hod tri 16n hon (thi du hod tri 5) hay
tap chét aceptor c6 hoa tri nho hon (thi du hoa tri 3) ta 14n lugt ¢6 cdc chat bdn ddn logi n c6 céc
phan tir tai dién co ban (da s6) 1 dién tlr va cdc chat bdn ddn loai p c6 cic phan tir tai dién co ban 12

16 trong.
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Ciéc chat ban dan c6 thé 1a don chat nhu Si, Ge, Se hay céc 6-xyt, sunfua, selenua, v.v... Tir
nhiing nam 50 thé ky trudc, ngudi ta dd ché tao thanh cong céc dung cu bin dan nhu diode
transistor, thyristor va gin day 1a cdc mach tich hop don khéi goi 12 vi mach IC (integrated circuit)
ma dinh cao 1a cdc mach vi xtr Iy. Do dac diém c6 tudi tho cao, gon nhe, cong suét tiéu tan nho va
hiéu suat cao nén cac dung cu ban din ngay cang c6 nhiéu ing dung trong k¥ thuat mach dién ti.

4.1.2. Cau tao va nguyén ly hoat dong cua l6p ti€p giap p-n. Diode ban dan

Su ti€p xtic cha hai ban din loai p va n tao nén mot ving chuyén ti€p dién t-16 trong va dugc
goi 12 16p chuyén ti€p p-n (hay ti€p gidp p-n) nhu trinh bay trén hinh 4.1.a. Nguyén tic hoat dong
ctia céc dung cu ban dan déu dua trén viéc ing dung céc tinh chét cua 16p ti€p gidp nay.

Y <E—J n
CRCRCIICYCOR ECKOV.CXCICIS)
®DO00 |® DO0OO
@® 00 [®@@00006
(a) Lép ti€p giap khi chua c6 phan cuc
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«~— E, <« E,
PO @006 ®@OPLOOCOB® @ &OOB
@ @@ 0|®00000 @NOO0O (@006
O® @@ (0|0 OO06 D000 |®dE OO0
p n o] n
+|I' —1 - I|+ | —
|| LT || I
(b) Lép ti€p giap khi phan cuc thuan (©) L&p tiép giap khi phan cuc ngudc
Ep-n= Engoéi' E: E;-n= E:goéi-'-_E)J

Hinh 4.1. L6p tiép gidp p—n va cau tao cta diode ban dan.

Do ¢6 su chénh léch nong do cac phan tir tai dién nén ¢6 su khuéch tén 16 tréng tir mién p sang
mién 7 va khuéch tdn dién tr tir mién 7 sang mién p, tic 12 xuét hién dong khuéch tan dién tir va 16
trong qua 16p ti€p gidp p- n.

L6 trong khuéch tan tr mién p 1am xuét hién céc i6n Am trong mot viing cua mién p sét véi
mién n, con dién tir khuéch tdn tir mién n s& lam xuét hién cédc i6n duong trong mot ving ctia mién
n sét v6i mién p. Vi cdc nguyén tir dugc phan bo & cdc nit chia mang tinh thé chat ban d4n nén céc
i6n am va duong dugc tao nén nay khong thé dich chuyén tu do dugc. Diéu d6 c6 nghia 1a xuét hién
trong 16p ti€p gidp cac dién tich khong gian va sinh ra trong d6 mot dién truong E ; hudng tir mién
n sang p. Dién truong nay s€ ham qud trinh khuéch tan va lam giam dong khuéch tan. Trong clung
thoi gian dy, trudng nay 1am tang téc chuyén dong cta cdc phan tir tai dién khong co ban tic 1a dién
tlr tr mién p sang n va 16 trong tir mién n sang p. Nhu vay né 1am xuét hién dong dién tréi theo
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huéng nguoc véi dong khuéch tan. K&t qua 1a trong trang thdi can bang dong, dién tich khong gian
khong tang nita va ving ti€p giap s& thi€u vang cdc phan t tai dién. Do vay dién trd clia vang ndy
s€ rét 16n va né dugc goi 1a viing nghéo dién tich. Cac dong dién khuéch tan va troi bing nhau cho
nén dong téng di qua 16p ti€p gidp 1a bang khong.

Khi dat mot ngudn dién bén ngoai 1én 16p ti€p gidp theo hudng: cuc duong ddt 1én mién p va
cuc dm ddt lén mién n nhu hinh 4.1.b. thi cudong do dién trudng ngoai 1a nguge chiéu véi dién

truong chuyén ti€p E; , do d6 lam giam tdc dung clia n6. K&t qua 1a dong khuéch tdn duge tang 1én
so v6i dong troi va dong tong hop s& dugc xéac dinh bdi dong khuéch tan va chay theo chiéu tir mién
p sang n. Dién tl tt mién n khuéch tdn vao mién p dudi tic dung clia dién trudng ngoai va trd thanh
phan t& tai khong co ban trong mién p. Nguoc lai 16 trong khuéch tén tir mién p sang n cling tr&
thanh cdc phan tir tai khong co ban trong mién nay. Cac hién tugng nay goi 1a su phun phén tir tai
dién co ban sang mién ma tai d6 né thanh khong co ban con dong chay qua mién ti€p gidp goi 1a
dong phun hoac dong dién thudn. Trong truong hop nay ta néi 16p ti€p gidp duoc phdn cuc thudn va
dong dién thuan thuong 16n.

Nguoc lai khi mac nguon dién ngoai sao cho cuc dm noi véi mién p, cuc duong noi véi mién n

nhu trong hinh 4.1.c thi tiép gidp dugc phdn cuc nguoc. Chiéu dién trudng ngoai lic nay cling chiéu

v6i trudng E j do vay lam tang tdc dung cta né. Két qua la cang lam giam thanh phan khuéch tin
ctia dong qua 16p tiép gidp xu6ng duéi gid tri ung véi trang thdi can bang va lam tang thanh phin
troi. Dong qua 16p tiép gidp p-n lic nay s& duge xédc dinh bdi dong troi theo chiéu nguoc véi dong
dién thuén va goi l1a dong dién nguoc. Vi noéng do cdc phan tu tai khong co ban rat nhé hon nong do
cdc phan tr tai co ban nén dong dién nguoc 1a rat nho so véi dong dién thuan.

Khi néi hai dién cuc vao hai mién p va n nhu vay ta s& c6 dugc mot dung cu goi 12 diode bdn

ddn ¢6 ky hiéu nhu hinh 4.1.a chi ra, trong d6 cuc néi v6i mién p goi 1a Anode (A) con cuc noi véi

mién n goi 1a Kathode (K). I(mA)
Su phu thudc cua dong 1, 1 Ge Si  GaAs
qua diode vao thé U, = U, dat Mo + “or o .
trén nd tinh theo cong thirc: 0T
Iy =1,V ~1) @1 21
Trong dé: 10+ J
I, la dong bdo hoa hay -2;0 20 -0 O | | | | s Unc (V)
dong nhiét khi diode dugc phan 27 02 04 06 08
CucC nguoc; 6
K 1a hing s6 Boltzmann WA
bang 1,38.10% J/K; Hinh 4.2. Dic trung V-A clia diode ban dén.

T 1a nhiét do K; ¢, 1a dién tich dién tl bang 1,6. 10°Cva U, = KT goi 1a thé nhiét. Tai
€

nhiét do phong U; ¢& 25,5 mV.
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4.2. Ung dung cla diode ban dan
L6p tiép giap p-n c6 thé duge dung trong nhiéu muc dich nhu chinh luu dong dién, téach séng
tdn s cao, bién d6i tin hiéu phi tuyén, v.v... Vi vay ciing c6 rat nhiéu loai diode. Diode duoc phan
loai theo nhiéu dac diém khéc nhau tuy thudc vao cong nghé ché tao, pham vi ting dung, v.v... Con
tuy theo kich thudc va ciu tao ma phan ra diode ti€p mat va diode ti€p diém. Kich thu6c cta diode
ti€p diém dugc xdc dinh bdi dién tich cla 16p ti€p gidp p-n ¢6 dudng kinh nhd hon bé day cta 16p
nay. Diode ti€p mat c6 dién tich ti€p gidp rat 16n so véi bé day ctia né. Diode tiép diém duoc dung &
cdc mach dién tan s6 cao. Diode chinh luu dugc ché tao theo cong nghé chit ban dan Ge c6 dién tro
thuan nhoé hon tir 1,5 dén 2 1an so véi diode Si, song dién 4p ngugc ma né c6 thé chiu duoc thap hon
khong qud 400V trong khi diode Si c6 thé chiu dugc t6i mot vai ngan von vi ¢6 dong ngugc rat nho.
Diode Si con c¢6 thé 1am viéc duoc trong mot dai nhiét do kha rong tir -60°C dén +150°C.
C6 thé liet ké vai tham s6 co ban clia diode nhu sau:
- Dong dién chinh luu trung binh cuc dai: 1a dong phan cuc thuan trung binh cuc dai cho
phép chay qua diode trong thdi gian st dung dai ma diode khong hong vi qud nhiét.
- Dién dp nguoc cuc dai: thudong bang 1/2 gid tri dién d4p nguoc ma tai d6 diode bi hong
do bi danh thung 16p ti€p gidp.
- Dong dién nguoc: 1a tri s6 dong dién ngugc khi diode chua bi ddnh thing, né phu thuodc
manh vao nhiét do.
- Ddi tdn s6 lam viéc: bi gi6i han chi yéu do dién dung cla 16p ti€p gidp p-n, khi tin s6
tin hiéu vuot qua tri s6 nay thi diode khong con thé hién tinh din dién mot chiéu nita.
4.2.1. Diode chinh luu
Chinh Iuu 1a ting dung ddu tién cua 16p tiép gidp p—n. Céac diode ti€p mat thudng duge ding
cho muc dich chinh luu trong cdc bo nguén nuoi mach dién tir duge cdp tir mang dién cong nghiép.
e Mach chinh luu nita séng cua dién dp xoay chiéu tir nguén dién cong nghiép 50 Hz c6 so
dé nhu hinh 4.3.a. Trong tinh toan gin ding bac nhat khi bién do dién 4p vao di 16n, c6 thé coi dic
tuyén cia diode 1a mot duong gip khiic nhu hinh 4.3.b. ¢6 dién tré thong 1a r, =AU, /Al, =
const. Do d6 trong nira chu ky duong ctia tin hiéu vao, diode dugc phan cuc thuin va trd nén thong
cho dong dién chay qua trd tai. Dong di qua tai 1a mot day cac séng nira chu ky hinh sin s& gay nén
dién 4p trén tai ¢6 cing dang véi dong. Ta dugc dang thé chinh luu U, = Uy nhu d6 thi hinh 4.3.c.

lg Ua

I

- | Vavaval
(\/\féd

1
1
AC X
50Hz !

Ur=Uy

(a) (b) ()
Hinh 4.3. Mach chinh luu ntra s6ng.
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e Mach chinh toan séng c6 so do chinh luu ciu don gian nhu trén hinh 4.4,

Trong ntra chu ky dién ap vao duong, hai diode & hai nhanh AB va DC dugc phan cuc thuan do
d6 tré nén thong, con hai diode & hai nhanh CB va DA dugc phan cuc nguge va trg nén bi cdm. Do
vay xudt hién dong dan di qua trd tai theo chiéu tix B sang D theo dudng: A - B- R, - D - C.

Trong ntra chu ky 4m, hai diode & hai nhanh CB va DA liic nay dugc phan cuc thuan trong khi
hai diode & hai nhanh AB va DC lai bi phan cuc ngugc. Do vay xudt hién dong dan di qua trd tai
ciing theo chiéu tir B sang D nhung theo dudng: C - B- R, - D - A.

K&t qua 1a trong ca hai nira chu ky ta déu ¢6 dong di qua trd tai tao nén thé Uy nhu d6 thi hinh
4.4.b.

NN
%, VoV

(a) (b)
Hinh 4.4. Mach chinh luu toan séng.

e Loc gon song l6i ra trén tro tdi: Trong hai so d6 trén, dién dp ra trén tai mdi 12 mot chiéu
nhung c6 bién do con bién déi theo séng hinh sin. Mu6n c6 duoc dién 4p ra mot chiéu ¢ bién do
khong déi (bing phang) phdi méic song song véi tai mot tu dién C c6 dién dung da 16n nhu hinh
4.5.a. Thuc chat day 1a viéc 1dp vao mot bo loc thong thap RC & 16i ra mach chinh luu. Trong trudng
hop khong tdi (R} = o0), dién tr& R & day chinh 1a dién tr& thuan r, cta diode. Vi phé Fourier clia
dang séng 16i ra sau chinh luu (gém cac nira chu ky sin) gom thanh phan mot chiéu va céc séng hai
hinh sin ¢6 tan s6 50 Hz, 100 Hz, ... nén gid tri cta tu C (tic hing s6 thoi gian RC) phai dugc chon
dl 16n sao cho tin s6 cét cha bo loc di thap chi dé cho qua thanh phan mot chiéu con cdc thanh

phan khac bi suy giam hét.

d urt Thé trén tai

r. ico ¢ 2
. -2 khi c6 tu Aij Thé trén tai

= ] ¥ khi khong c6 tu
AC T
C
50Hz T R,
| -t
(@) (b)

Hinh 4.5. Loc gon séng trén tai.
Khi méc tai thi dién tr& tai cling s& tham gia vio mach loc nay va dién tr& tai cang nho hiéu
qua loc cang kém (séng map mo nhiéu). Do vay méi mach chinh Ivu c¢é méc tu chi thod man trong
mot dai dién trd tai nhat dinh. Doi khi ngudi ta ding mach loc LC nhung khong c¢6 hiéu qua cao vé
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kinh t€ do dé chin céc hai bac thap doi hoi gia tri L rat 16n, cuon cam tré nén cong kénh va gia

thanh cao.

4.2.2. Diode 6n ap

Trong ché& do phan cuc nguoc, cac diode Si ¢6 mot dac diém nhu sau: néu th€ phan cuc vuogt
quéa mot gia tri ndo d6 thi s& xay ra hién tuong ddanh thing trong 16p tiép giap p-n. Lic nay thé trén
diode hau nhu khong déi trong khi dong nguoc chay qua né thay déi rat 16n. Piéu d6 cho phép duy
tri mot co ché 6n 4p trén trd tdi mic song song véi diode. Pién 4p ma tai d6 xay ra hién tugng ddnh

thing dugc goi 1a dién dp on U,

C6 hai loai co ch€ danh thing dugc phan dinh & ngudng U, = 5,6V:
- Danh thung loai zener, cho ta cac diode c6 hé s6 nhiét do am, nghia la ting v6i mot dién
ap nhat dinh dong qua diode giam khi nhiét d6 tang.
- Panh thing loai thac 14, cho ta cic diode c6 hé s6 nhiét do duong.
Dong 6n 4p cuc dai bi han ché boi cong suét cuc dai chiu duge ctia diode 6n ap. Khi vuot qua
cong suét nay, diode tré nén quad néng va bi hdng do danh thling vi nhiét.
Diode 6n 4p dugc dung cho nhiéu muc dich, thi du nhu tao bo én 4p thong so, bo han ché bién
do tin hiéu, v.v... Hinh 4.6.a 12 thi du vé dac trung V-A cua loai diode 6n ap ¢6 thé€ 6n dp U, =9,8 V.

U, =-9,8V 1t/ pictnmg
thuan
} . Uy
I(mA UZ £ - -\ -

[£] ‘ RS
g f
2
N | Uy Re
= z
)§_ Al, = 40mA R u,

— Uz T 7 \ ) (_\

\ AUZ = 0’2V IZmax /— _ t

(a) (b)

Hinh 4.6. Dic trung V-A clia diode én d4p va mach han ché bién do.

Trong ché do danh thiing, dong ngugc ting 1én dén 40 mA trong khi thé thay déi khong qua
0,2V. Hinh 4.6.b 12 mot so d6 tng dung diode 6n dp lam mach han ché bién do, trong d6 Ry 1a dién
trd bao vé diode khoi bi qua dong.

Nhin vao d6 thi dién 4p Uy ta thay: ¢6 nhitng khodng thoi gian nguén tin hiéu ¢6 bién do 16n
hon muc th€ 6n ap U, nhiéu nhung dién dp sut trén tai lic d6 (ciing chinh la dién dp phan cuc ngugc
cta diode) luon chi bang U, do tinh chét 6n dp cua diode trong mién dénh thiing.

Dé danh gi4 chat lugng 6n 4p ngudi ta hay dung thong s6 hé s6 on dp 1a ty s6 giita su bién

9% . D& ddm bio hé s6 n 4p theo yéu cu,

thién dién 4p trén dién dp tai tinh theo phan tram
T

thudng chon dong danh thing qua diode 16n gap tir 3 dén 5 1an dong qua tai.
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4.2.3. Diode bién dung
Chiéu day cta 16p ti€p gidp p-n dugc xac dinh bdi do sau clia 16p ngan trong cdc mién p va n.
Céc phép tinh chi tiét chiing to ring do thAm sau cia 16p ngan trong cdc mién p va n ty 1é ngugc véi
noéng do tap chat trong cdc mién dy. Trong mién ti€p gidp p-n hinh thanh hai loai dién dung:
- Dién dung dién tich duoc x4c dinh béi su thay déi cha dién tich khéi (dugc tao bdi cic
ion duong va am trong 16p ti€p gidp p-n) khi thay déi dién 4p tdc dung tir ngoai. Theo
quan diém nay thi 16p tiép giap p-n twong tu nhu mot tu dién phang c6 dién dung bang:

C= 5%. Trong d6 S 1a dién tich I1Gp ti€p gidp, £ 12 hing s6 dién moi clia chat ban dan

va §1a bé day 16p ti€p gidp.

- Dién dung khuéch tén thé hién khi 16p ti€p gidp p-n dugc mic theo chiéu thuan va dugc
xdc dinh béi su bien déi ctia dién tich trong mién p va mién n vi su thay ddi cla so dién
tlr va 16 tréng phun vao cdc mién do.

Dua trén nguyén tic ndy ngudi ta ché tao ra diode bién dung (varicap) c6 dién dung cla 16p
ti€p gidp p-n phu thudc vao dién 4p nguoc tic dung lén nd nhu dac trung C-U trén hinh 4.7.a. Ky
hiéu ctia varicap dugc vé trén so d6 ung dung trong hinh 4.7.b.

A _
(nF) Cy= Cp-n Anten thu
200

100

L :% Tin hiéu ra

Ung ugc

0 2 2 (V)
() (b)

Hinh 4.7. Dic trung Von-Fara clia diode bién dung va so d6 tng dung.

Day 1a mot so do diéu hudng tan s6 cong hudng cta khung dao dong LC rat hay duge ding
trong k¥ thuat phit thanh truyén hinh hién nay. Thay vi cho viéc sit dung mot tu dién bién déi (tu
xoay) bang co khi nhu kiéu cii trong khung LC, mot diode bién dung C,, dugc thé vao vi tri dé.

Khi diéu chinh vi tri con chay cla bién trd P, dién dp phan cuc ngugc dat vao diode thay déi va
lam thay déi dién dung Cy cta né. Diéu dé cho phép diéu hudng gid tri tin s6 dao dong riéng cla
khung (@, =1/ \/E ) cho pht hgp vdi tin s6 ngudn tin hiéu can thu dé€ c6 dugc hién tuong cong
hudng dong trong khung nham chon loc tin hiéu dai phét c6 tan s6 bing tan s6 @, . Tu C, trong so
d6 ¢6 tdc dung ngan thanh phdn mot chiéu tir ngudn di vao cudn cam L; do vay gid tri cia nd duoc
chon du 16n so v6i Cy sao cho trong dai diéu hudng, dung khdng ctia né (bang 1/ @C,) c6 thé coi
béng khong.

4.2.4. Diode quang dién (photo diode)

Diode quang dién 1a dung cu ban dan c6 dong nguoc ting nhanh khi dugc chiéu siang. Khi
chiéu sdng diode béng bic xa dnh sing c6 budc séng thich hgp, dong nguge nay tang do su tao ra
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céc hat tai dién khong co ban trong cdc mién p va n cling nhu su phat sinh cdc cap dién tii - 16 trong
trong vung ti€p gidp p-n. Ho dic trung V-A cta mot diode quang dién véi cac quang thong ¢ khéc
nhau chi€u vao n6é dugc biéu dién nhu hinh 4.8.a. Dong ngugc khi diode chua dugc chi€u sing
(¢ = 0) goi la dong t6i. Khi ¢ # 0, dong quang dién 1a téng cuia 3 dong thanh phéan: dong khuéch
tdn cha cdc dién tlr trong mién p dugc sinh ra do céc pho-ton sang chi€u vao, dong khuéch tan clia
quang 16 tréng trong mién n va dong phét quang trong vung ti€p gidp p-n. Diode quang dién duoc
diing trong c4c so d6 thu va chuyén ddi tin hiéu quang thanh tin hiéu dién. Hinh 4.8.b 13 ky hiéu
ctia mot diode quang dién va so d6 mach ting dung phét hién cdc xung dnh sing ctia no.

K
+V,
|d cc
S ~
¢5> 2> 61> o ®::: ::E e d
T o7 B6 bién ap ra
0 o .
do > U khuéch dai
b — ?
g 1
(@) (b)

Hinh 4.8. Ho dic trung von-ampe véi cdc quang thong khéc nhau (a) va so d6
tng dung cua diode quang dién thu nhan cdc xung dnh séng (b).

Cac xung dnh sdng tir ngudn sang S qua céc khe cta dia quay K dugc chi€u t6i bé mat cua
diode quang dién d. Nguén +V . cép dién 4p nguoc cho diode qua dién tré gdnh R.. Trong thoi
khoang khong ¢6 xung sdng chi€u vao, dong nguge rat nho, sut thé trén trg tai bang khong. Khi c6
xung dnh sang chiéu vao diode tao nén dong quang dién I,ty 1& véi quang thong. Dong nay giy nén
céc dién 4p xung trén trd tai biang I,R.. Dién ap nay duoc dua t6i mach khuéch dai cong suat ra tai.

Do tan s6 clia xung dién 16i ra ta c6 thé xdc dinh dugc téc do quay clia dia, v.v...

4.2.5. Diode phat quang LED (light emitting diode)

Diode phét quang la loai hoat dong véi 16p chuyén ti€p p-n duoc phan cuc thuan. Ldc nay céc
dién tir co ban tir mién n dugc phun sang mién p va tdi hop véi 16 trong. Nguoc lai 16 tréng duoc
phun tr mién p sang mién n va tdi hop véi dién tl. Trong qué trinh tdi hop, nang luong dugc giai
phong dudi dang tia buc xa dnh sang. Do d6 diode loai nay duogc goi 1a diode phat quang LED. Cac
dic trung quan trong nhat ctia mot diode phat quang 1a: phd dnh séng phat xa, hiéu suét va dap tng
ctia diode v6i xung kich thich. C4c diode phdt quang thong dung gébm cac loai phdt 4nh séng trong
viing kha ki€n va loai phat trong viing hong ngoai. Chiing dugc st dung nhiéu trong céc bang chi thi
(display), trong céc linh kién ghép n6i quang va nhay quang (nhu optron). Thoi gian dap tng cta
chiing c6 thé tlr c& mili gidy t6i cdc xung hep ¢ nano giay.

Ngoai cdc linh kién diode ké trén con nhiéu loai khdc hién dang duoc sit dung nhiéu trong thuc
t€ nhu diode dudng ham (tunel), diode laser, diode siéu cao tan, v.v... va cdc diode cong suat 16n
hoat dong véi thé phan cuc nguoc va dong rat 16n. Nguyén tac hoat dong va dic diém k§ thuat ctia
céc diode loai ndy cling céc so d6 tng dung clia n6 c6 thé xem thém trong cdc gido trinh vat liéu,
linh kién bédn dan.
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4.3. Transistor luéng cuc

4.3.1. Cau tao va nguyén tiac hoat dong

Transistor ludng cuc BJT (bipolar junction transistor) 1a mot linh kién ban dan c6 3 16p (mién)
bén dan ndi ti€p nhau p-n-p hodc n-p-n. Méi 16p nay 1an lugt duoc goi 1a Idp phdt E (emitter), Idp
goc B (base) va Idp gdp C (collector). Méi 16p dugc ndi ra céc dién cuc tuong ting 1a emitter, base
va collector. Su sdp x€p gitta cdc 16p ban dan va bo tri cac dién cuc cling nhu ky hiéu cla hai loai
transistor trong so d6 mach nhu hinh 4.9. Transistor trong hinh (a) 12 loai pnp hay goi la transistor
thuan, loai trong hinh (b) goi 12 transistor ngugc npn. V6i cdch sip xép nhu vay, doi khi transistor

duoc coi nhu 2 diode méc néi tiép nhau nhu hinh.

E E
— p | n| p & — n | p| n <

Ts

c c C c
B B B B{
E E E
(b)

(a)

Hinh 4.9. Sy sip xép céc 16p ban dan trong hai loai transistor va ky hiéu clia no.

B

Nguyén 1y hoat dong clia cac transistor da dugc khao sat ky trong cac gido trinh linh kién ban
din, & day ta chi diém lai mot cdch vin tit su hoat dong clia mot transistor loai pnp dé thdy tic dung
khuéch dai cong suat ctia né khi dugc méc trong mot so dé thich hop, thi du nhu so d6 hinh 4. 10.

Transistor dugc cdp dién tir hai

N < N A n
nguon E;, << E,. Nhin vao so do ta P P

thdy, nguén E, tao mot phan cuc thuan K E B c
cho 16p ti€p gidp E-B trong khi nguén — %;‘5// S ﬂ// @
E, tao ra mot phan cuc nguoc trén 16p Rs
ti€p gidp B-C. Khi khoa K md, dién ap

Ug; bing khong con ti€p gidp B-C lai Ev IBJ/

dugc phan cuc nguoc nén dong |

collector I, hdu nhu bing khong (thuc
ra chi c6 mot dong nguoc it nhéd clia Hinh 4.10. Giai thich su khuéch dai clia transistor pnp.

céc phan tir tai dién khong co ban 1a cdc dién tir tir I6p C sang 16p B). Khi déng cong tic K, ti€p gidp
E-B duogc phan cuc thuan tir nguén E, nén ¢6 mot dong dién thuan gém céc 16 trong tir 16p E duogc
phun vao 16p B. Lép B duoc ché tao sao cho rat mong va phan tir tai co ban & day 1a dién tir ¢6 mat
do rét thip. Vi vay chi mot s6 it 16 trong tir 16p E sang dugc tai hop vdéi s6 dién tir trong 16p B va tao
ra dong I, con lai phan 16n dugc khuéch tdn qua 16p B va truot t6i 16p C. Nguyén nhan 1a do khi tGi
16p ti€p gidp B-C, chinh dién truong manh do ngudn E, tao ra da 1am tang toc 16 trong va kéo chiing
sang 16p C dé tao nén dong I chdy qua tr& tdi Ry. Tém lai, nho c6 16p tiép gidp E-B dugc phan cuc
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thuan bdi nguén E, tao ra mot dong dién nho I; ma 16p emitter ¢6 thé phun duoc mot dong 16 trong
16n qua base sang 16p collector tao nén dong dién I, 16n. Dong dién nay duGi tic dung cua dién
truong manh gy ra boi E, sé€ sinh ra cong 16n trén trd tai Ry.

Néu bay gio méc ndi tiép véi E; mot ngudn tin hiéu vao nho Ey, thi du nguén xoay chiéu, thi
dong 16i ra I va thé trén tai U; khong chi phu thuoc vao E; ma con bién thién theo quy luat cua
nguon tin hiéu Ey nay nhung gié tri bién thién & 16i ra trén tai 16n hon gi4 tri bién thién clia nguén
tin hiéu vao nhiéu. Ta c¢6 su khuéch dai tin hiéu nho transistor.

1 y . .
Ty s6 o = I_C dugc goi la hé s6 truyén dong dién. 4.2)
E

Theo phantichtrénthi /, =1, +1. (v6i [Iz<<I.) néna<l.
Ty s6 = j_c dugc goi 1a hé s6 khuéch dai dong dién tinh. 4.3)
B
Trong thuc t&€ fthudng cb gid tri tir vai chuc dén vai tram. M6i quan hé giilta & va S nhu sau:
“ f Iz

4.3.2. Cic so do co ban mic transistor trong mach khuéch dai

(04
p= Ta 4.4)

a

C6 3 cach méic co ban transistor trong cdc mach khuéch dai. Tuy theo emitter, base hay
collector dugc noi v6i di€ém chung giita ngudn tin hiéu vao va ra trong so d6 twong duong ma tuong
ing c6 cac cach méc emitter chung CE (common emitter), base chung CB va collector chung CC
nhu trinh bay trén hinh 4.11.

Q

Ev

m
<
Py
Iy
+
+
Py
4
Q
m
<
< C—
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X
4
——1-
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#"‘
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Hinh 4.11. Ba céch méc transistor va so d6 tuong duong.
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So d6 twong duong dugc hinh thanh tir so d6 thuc véi thuc t€ tin hiéu duoc truyén noi tit qua

céc nguodn hodc tu dién truyén c6 dién dung 16n.

4.3.3.  Mach cip dién va cic so do 6n dinh diém lam viéc

e Mach cung cdp dién

Mach dién tao cdc dién 4p ban ddu cho transistor khi chua cap nguén tin hiéu vao goi 1a mach
tao thién dp, va diém trén cac dac trung V-A tuong Gng véi cdc gia tri thé' va dong tinh Ugg, va Iy,
Ugo va Igglic dé goi 1a diém lam viéc tinh cha né. Mu6n transistor 1am viéc trong vung tich cuc
thuong phai dam bao cdc yéu cdu vé ngudn dién nhu sau: 16p tiép gidp E-B phai duoc phan cuc
thuan véi dién ap thdp (c& trén 0,3 V véi transistor ché tao theo cong nghé Ge va ¢§ 0,7 V véi
transistor Si), con 16p ti€p gidp C-B dugc phan cuc ngugc véi dién ap cao.

Thuong thay vi 2 ngudn nudi £, va E, nhu trén hinh 4.10. ngudi ta chi ding mot nguén E cép
chung cho cé hai ti€p gidp E-B va C-B nhu trong thi du ctia so d6 emitter chung. Collector clia
transistor dugc cap ngudn qua céc dién trd sut dp R, thudong goi 1a trd gdnh (hinh 4.12a). Khi cé
nhiéu transistor cling diing chung mot nguén thi cdc tdng thudng dugc mic song song vdéi ngudn
cung cép. Dé giam ghép ky sinh giita cdc tang, trong mach thudng mac cac mach R,C, nhu thdy
trong hinh. D6 thuc chat 1a cdc bo loc tdn thap. Nhu vay, vai trd ctia nguén E. cip cho mach
collector giéng nhu E,. Con thay vi E,, nguén E,, cAp cho mach base mot diém lam viéc tinh Uy,

(dién dp dinh thién) qua dién trd R, goi 1a dién trd dinh thién nhu trén hinh 4.12b.

L

(@ (b)

Hinh 4.12. Mach nuoi transistor npn trong s¢ d6 emitter chung.

Hai tu C; va C, duoc méc trong mach goi 1a cdc tu truyén (hay tu néi tdng). Dién dung clia
chiing phai di 16n dé tai tdn s6 tin hiéu chiing c6 dung khang rit nhé hon cic gi4 tri tré khang lan
can va c6 thé coi ching dugc doan mach véi cdc tin hiéu tai tin s6 d6. Con d6i v6i ngudn nuoi, céc
tu d6 c6 tdc dung ngan dong dién mot chiéu tir nguén nay di vao ngudn tin hiéu hoic vao 16i vao
ting khuéch dai transistor ti€p sau. Véi céc so d6 base chung va collector chung cling ¢6 cdc mach

tuong tu chi st dung mot ngudn nuoi kiéu nhu vay.

e Hién tuong troi diém lam viéc va cdc so do on dinh
Do chat ban dan rat nhay cam véi su bién déi ctia nhiét do nén khi 1am viéc, dudi tdc dung
nhiét chia moi trudng xung quanh va ngay chinh dong /. ciing lam ndng transistor dan dén céc

thong s6 ctia né nhu hé s6 khuéch dai «, S cling nhu ciac dong va thé tinh trén base va collector thay
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déi, tic 1a diém 1am viéc tinh bi tr6i nhiét. Dé danh gia mic do anh hudng ctia dién dp troi dén dién

ap ra, thuong dinh nghia hé s6 khuéch dai dién 4p troi la K, =

Do ¢6 hién tugng troi nhiét nén cdc so d6 cung cap dién cho transistor thudng phai kém thém
cac mach 6n dinh diém 1am viéc finh. Pugc dung phd bién 1a cic so d6 dung héi ti€p am mot chiéu.
Hinh 4.13 1a 3 so d6 hay dugc ding.
+E¢

Re
Rs

(b)

Hinh 4.13. Ba so d6 6n dinh diém Iam viéc.

Hinh 4.13a 12 so d6 dung mach phan 4p dién trd. Khi chon R, << ry 1a dién trd gitta hai cuc B
va E clia transistor ta ¢6 dong qua R, rat 16n hon dong Iy,. Liic d6 dién dp Uy chu yé&u phu thuoc
vao R, ma R, lai la dién tr& khong phu thudc nhiéu vao nhiét do nhu chat ban dn. Do vay diém lam
viéc Uy duge 6n dinh. Thudng chon dong I, = 1 dén 5 lan Iy,

Hinh 4.13b 1a so d6 dung mach phan héi giita collector va base bang dién tré R, dugc mac nhu
trong hinh. Do vy nguén nu6i mach dinh thién cho transistor trong trudng hop nay khong phai la
thé E+ khong d6i ma 1a thé U, bién déi theo dong I, Ta c¢6 Uy, = Ec — I,R.. Néu nhiét do tang
dan t6i Iy, tang lam I, ting, do d6 U, giam. Do d6 thé dinh thién Uy, s& giam, dan t6i dong Iy,
giam bu lai sy tang ciia né do nhiét do. Ly luan tuong tu cho trudng hop nhiét do transistor giam

ciing s& dan t6i su 6n dinh I, do né phu thuoc vao Ug,.

Hinh 4.13c 1a so d6 ding mach phan héi am bing trd R, mac tai cuc emitter. Khi nhiét do ting
dan t6i dong I, tang, tic 1a dong I, ting. Diéu d6 1am cho sut dp Uy, = IR, trén trd R tang. Diéu
nay tuong duong vdéi tdc dung clia phian hdi am vé dong mot chiéu vé 16i vao Upgg, dan t6i dién dp
Upr gidm, dong I, giam va dan t6i dong /. gidm bu lai su ting do nhiét do. Dé tranh tén hao do
phan héi am cé vé tin hiéu xoay chiéu trén trd R, thudng ngudi ta mic song song voi R; mot tu Cp.
Muén vay, dién dung ctia tu phai di 16n dé sao cho & tin s6 tin hiéu o phai ddm bao dung khing
1/wCr << R.

4.3.4. Cac ho dac tuyén va duong tai cia transistor luéng cuc

Transistor ludng cuc c6 cdc ho ddc tuyén tinh 16i vao Iz = f(Ugg )|U va ho ddc tuyén
CE

=const
ira Io=f(Ucgg )| U, nhu duoc trinh bay trén cdc hinh 4.14 a va b. Vi dac tuyén 16i vao,

khi khong chid y t6i su hién dién cha thé U ta thdy ti€p gidp base-emitter cho ta mot dac trung

=const

V-A ciing giong nhu mot diode thong thuong.
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Vé6i dic tuyén 16i ra, ta thdy mdi dudng trong ho nim trong 3 viing rd rét:

- Vaung bdo hoa (ving B) v6i dong I dugc tao bdi cic dién tich mang phun tir 16p emitter.

Trong viing nay dong collector dugc tang 1én nhanh chéng khi tang thé U

- Vang tich cuc (ving A): v6i mbi thé Uy, khong déi, khi thé U, tang dén mot gia tri ndo do

tit ca cdc dién tir mang dugc phun hét vao 16p collectorr va dong I khong thé ting duoc

nita du thé U, c6 tang. Lic nay dong I, chi thuin tuy dugc diéu khién béi su bién déi ctia

thé Uy hay dong I. Day 1a vang lam viéc dugc st dung cho cac bo khuéch dai ding

transistor.

- Vang danh thiung (ving C): trong viung nay dong /. dot ngot tang rat manh theo th€ U, dan

dén lam hong transistor.

Uge = const

() (b)

Ic (MA)
A
Uce = const

257
20] |
5]~ S%------ S = Ald/ AUge
1 f
10 | '

02 04 06 08

©

Hinh 4.14. Dic tuyén 16i vao (a), 16i ra (b) va dic tuyén truyén dat (c).

Tur hai dic tuyén nay thay ring v6i mot su thay doi nho cla dién 4p vao ciing dan t6i su thay

d6i 16n clia dong collector 16i ra nhu trén ddc tuyén truyén dat I = f(Upg),, _, - taihinh 4.14c.

Giong nhu dic tuyén vao, dic tuyén truyén dat cling ¢6 dang ham mii:

Ie ZIS(TrUCE)eUBE/UT

4.5)

Trong d6 Iy 1a dong nguogc phu thudc nhiét do T va thé Ugg.

Ngoai ho phuong trinh dac tuyén tinh /- = f(U g )| I —eons KE trén, do transistor duge méac néi
=

ti€p vdi trd gdnh R nhu hinh 4.12. nén dong /. con phu thudc vao nguédn E va tré ganh nhu sau:

_Ec-Ug¢

C

(4.6)

Néu vé trén cling mot do thi v6i ho dic tuyén ra
clia transistor thi day 12 mot dudng thing duoc goi 1a
duong tdi v6i hai giao diém béang (E./ Rc) trén truc
tung va bing (E.) trén truc hoanh nhu hinh 4.15. Giao
diém cha dudng tai v6i cac dudong dic tuyén dng véi
mdi dong vao I, 1a céc diém lam viéc cla transistor.

Nhu dinh nghia & trén thi diém lam viéc tinh 1a giao

> Uce

Uco Ec

Hinh 4.15. Ho dac tuyén ra tinh va
dudng tai cla transistor BJT.
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diém cla dudng tai v6i dudng dac tuyén dng véi I, = I, 12 dong base khi khong c6 tin hiéu vao.

4.3.5. Cac thong so cua transistor trong ché d¢ tin hiéu nho

N6i chung, thé¢ hoic dong dién tin hiéu tai diém lam viéc s& gém tdng cta hai thanh phin:
thanh phan mot chiéu dc va thanh phan bién déi xoay chiéu ac nhu hinh 4.16. chi ra. Thanh phan dc
thuong 1a dé duy tri diém 1am viéc clia transistor con thanh phan ac 12 tin hiéu can khuéch dai.

Khi tin hiéu vao ac nho, c6
thé coi transistor 1a mot bo khuéch 4 o 4 s
dai tuyén tinh hoat dong quanh

diém lam viéc (Iry, Ugg) trén hinh
4.14c hay diém (I, Ug) hinh ~
4.15. Khi tinh toidn, duong cong ac

dc

dac tuyén cua né duoc thay thé 0 .t STy SO e .

béng ti€p tuyén v6i dudng cong tai
diém lam viéc. Lic ndy c6 thé coi Hinh 4.16. Hai thanh phan dc va ac cua tin hiéu.

transistor nhu mot t cuc tuyén tinh va c6 thé thiét 1ap cdc moi quan hé gita dong, thé 161 vao va 16
ra. Néu coi mach 16i vao ctia transistor nhu mot tai noi ti€p v4i nguon tin hiéu thé, nguoi ta dua vao

khdi niém dién trd vao vi phdn:

ou
Fop = —BE 4.7)
aIB U cp=const
rge thuong cé gid tri tlir vai tram Q dén vai tram kQ;
Su thay déi dong collector 16i ra phu thudc vao thé 16i vao duoc dac trung bdi do hé dan:
74
S= e (4.3)
aUBE U cp =const
Theo biéu thitc (4.8) trén thi:
§=1s guurr 1 4.9)
UT UT

Nhin vao biéu thiic ta thay do hd dan ty 1é v6i dong collector Ic.
Su phu thudc cua dién dp collector-emitter vao dong collector duoc dac trung béi dién trd ra vi
phdn:
0U g
ol

(4.10)

Ter =
c U g =const

rep thuong cé gia tri tir vai chuc kQ dén hang MQ. Dién trd nay ty 1 nghich véi do 16n cia I,
n6 s€ giam di khi dong collector cang 16n.

Hé s6 khuéch dai dong dién tinh 8 = I/ I; nhu da néi & muc trén chi khong déi trong mot
pham vi han ch€ ctia dong collector nhu thiy trong hinh 4.17. Vi vay mét thong s6 nita thuong dugc
dua vao dac trung cho do khuéch dai tai mot diém lam viéc ndo d6 véi tin hiéu nhd goi 1a hé s6°

khuéch dai dong dién vi phdn:
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pf==C (4.11)

Ucg=const

Su phu thudc nay ciing dugc cho thi du trén

hinh 4.17. wd PP ;
Biét S va do hd dan S c6 thé tinh dugc dién tro 200 7 .
vao: 100 -
Pop = Upe __OUpe _ P _ AUy (4.12) 0 — LA
o, @I./p) S I o b 1 o o g0 oA

Thuong thi€t 1gp moi quan hé gilta cdc dai  prop 417, Sy phu thuoc he s6 khuéch dai dong

luong vao va ra cua transistor /[, = f (UBE,UCE) va dién finh va dong vao dong collector.

I.=f(U,,,U,) bing cic vi phan toan phan:

ary = e | gy, + 5] au,

a(]BE Ucg a(]CE Upgg (4 13)
ar, = et g, + el au,

a(]BE Ucp CE U

ol . . L LR )
Luong —= goi la truyén dat nguoc thuong rat nho nén cé thé bo qua. Do vay ta c6 phuong

dl, = LdU BE
trinh co ban: e | (4.14)
dl-=8S.dUg +—.dU
CE
Thuong viét (4.16) du6i dang ma tran Y :
dl g _ 1/rg O dU g .15)
di. ) \S Hrep \dU ¢ '
Bén canh d6 con c6 ma tran H nhu sau:
LdUBEJ:(hH h,zj(dzg J wie)
dIC h2] h22 dUCE

Giita cdc phan tlir cdc ma tran nay ton tai cic quan hé:
Vrgg =y, =1/hy,
S=yy=hy /=1 (4.17)
Vrep =yy = (l/hll)(hllh22 - hzlhlz)z hy,

4.3.6. Phan tich 3 loai khuéch dai co ban dung transistor trong ché d¢ tin hiéu nho

Ta s€ phan tich transistor hoat dong & tan s6 thip hon tin s6 giGi han (1a tin s6 ma tai d6 hé s6

khuéch dai dong dién giam di 3 dB so v6i ¢ tin s6 thdp) trong cdc cdch mic. Khi coi transistor nhu

65



mot ti cuc tuyén tinh ta ding phuong phdp so d6 tuong duong véi céc thong s6 duge dinh nghia
nhu trén dé khao sét 3 loai so d6 khuéch dai co ban cia transistor 1a so d6 emitter chung, collector
chung va base chung.

e So do emitter chung don gidn: So d6 thyc (a) va so do tuong duong tin hiéu nho (b) clia né
dugc trinh bay trén hinh 4.18, trong d6 can chi y rang cdc phén tlr cua transistor chi ndm trong
pham vi vdong cham chdm bén trong con bo khuéch dai bao gém ca cac phan tir ndm trong vong
chdm chdm bén ngoai (thém cac dién trd mach khuéch dai R, va R.. Cac dién trd r, 1a thuoc vé dién
tr& noi ctia ngudn tin hiéu va Ry 1a dién trd tai.

Transistor lic ndy dugc coi 12 gdm c6 mot trd vao ry, duge mic ndi tiép v6i nguodn tin hiéu va
nguén dong fl; duge mac song song & 16i ra v6i trd ra vi phan r¢z. Trong so d6 nay hai tu C, va C,
12 cdc tu noi tang. Tu C, ngan dong mot chiéu tir nguén nuoi vao nguédn tin hiéu vao. Mit khac né
dam béo cho dién 4p Up, clia diém lam viéc tinh khong bi 4nh hudng béi dién trd trong r, clia nguén

tin hiéu vao. Tu C, ngin khong cho thanh phan mot chiéu tir tin hiéu ra va dong mot chiéu cua

ngudn nuoi vao tai (hay tdng khuéch dai ti€p sau) va chi cho thanh phan tin hiéu xoay chiéu 16i ra di
Ec —Upgg
R,

t6i tai. Dién trd dinh thién R, xdc dinh diém 1am viéc cho transistor vi dong 1 ,, =

+E¢

Bo khuéch dai —

Transistor

Hinh 4.18. So d6 khuéch dai emitter chung (a) va so d6 tuong duong (b).

Nguyén tac hoat dong cuia bo khuéch dai nay nhu sau: khi dua mot luong dién ap bién déi AU,
t6i 161 vao transistor, s& 1am bién déi thé€ AU, = AU,, dan t6i lam dong base bién d6i mot lugng
Al Do d6 dong collector ciing bién d6i mot lugng Al 16n gap B 1an Al,. Dong bién d6i nay khi
chay qua tu C, tGi trd tai R; s€ gay nén sut ap ¢ 16i ra AU,, = R;Al.

Ta tinh cac thong s6 clia bo khuéch dai nhu sau:

1. Trd 16i vao R

dai (c6 trudng hop ngudi ta tinh tdi ca anh hudng cta trd tai duoc méic & 16i ra bo khuéch dai). Nhin

i CUa bo khuéch dai 1a tré dugce “nhin” tir phia ngudn tin hiéu vé bo khuéch
vao so d6 4.18.b ta thdy trd vao ndy béng trd clia 16p ti€p gidp 7 mac song song vé6i R,. Thudng dé
tao dién dp thién dp cho base, trong thuc t& R, ¢& tir vai tram k(2 d&€n hang M2 nén 1a rt 16n so véi
rge (cO vai tram Q dén k). Do vay thuong trd vao cua bo khuéch dai trong trudng hop nay dugc

tinh 12 bing 7.
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2.Trd 161 ra R,, ciia bo khuéch dai 12 trd dugc “nhin” tir phia trd tai nguoc vé bo khuéch dai (c6
trudng hop tinh t6i ca su ¢6 mit cia dién trd nguén tin hiéu). Trong hinh 4.18.b, tr& nay béng rc,
mic song song vdi trd ganh R.. Thudng trd gédnh ¢d mot vai kQ trong khi ro; ¢ hang tram kQ. Vi
vay, ¢6 thé coi trd ra ctia bo khuéch dai trong trudng hop nay bang R, ~ R, .

3. Tinh hé so khuéch dai thé’ A, cta bo khuéch dai dugc dinh nghia béing ty s6 s6 gia dién dp

16i ra trén tai trén s6 gia dién 4p ngudn tin hiéu vao. Ky hiéu thé hodc dong tin hiéu xoay chiéu bién

thién nhé la U hay i , trong so do6 tuong duong 4.18.b ta thdy:
TBE =~ U Iprpg

- = = = =}B(r +r )
n’"n"""BE ! rBE/(rn+rBE) rBE/(rr1+rBE) e

U, =U

E

vay:

AUs _Ur _ f1,(Re!licp IRy

u ~ ~
Al vao Un I, ("n + rBE)

BR:N1cglIR:)  BReHicg l1Ry) SR 1 1o 11 Ry)

(I‘,,+I’BE) rBE(1+ I‘n j 1+ ’n

TBE

A

(4.18)

TBE

C6 khi ngudi ta dua ddu am vao biéu thic bén vé€ phai dé xdc dinh la: thé tin hiéu ra trén
collector bién déi nguoc pha véi thé tin hiéu vao trén base.

Néu dién trd nguén tin hiéu 7, <<rgy vd R., Ry <<rq; thi hé¢ s6 khuéch dai th€ cuc dai va

béng:

A, =-S(Rc /I Ry)

Vi s=21¢ nen 4, :_]c(Rc /I R;) (4.19)
U, U,
4. Tinh hé so khuéch dai dong dién A, ctia bo khuéch dai.
A E~1_ z{_ _B1L,(rep 1R //RT)/;B _ plrce 'Rc /I Ry) 4.20)
I I RT RT

5. Xét hé s6¢" méo phi tuyén: Hé s6 méo phi tuyén dugc dinh nghia 1a ty s6 giita bién do trung
binh ctia cac hai bac cao trén bién do hai bac mot tai 161 ra bd khuéch dai néu & 16i vao dat mot tin
hiéu diéu hoa. Nguyén nhan chi yéu gay méo phi tuyén trong bo khuéch dai ding transistor 1a do
dac tuyén vao I, = f(Upg ) khong tuyén tinh.

Do dién 4p tin hiéu 1a diéu hoa, thi du bang Usinwt, ta c6:

UBE =UBE0 +U0Slna)l‘
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Phuong trinh ctia dic tuyén vao 1a: I ~ I,eV 'V v6i I, ~1,(1-a)
Thay Ugg vao biéu thiic cta I c6:

Uy, U, .
—BEO 0 in oo

Ig=1Iye Y Ur
bit Iy, =1yeY»0'Ur Kkhai trién thanh cap s6 v6i cac séng hai:

2

U U
IBzIBOI+U—0sina)t+ 0 _(1-cos2at)+...

T 4U,’

o U 14Uy Uy
Do d6 méo phi tuyén do hai bac 2 gay nén la: k = ——100% = 100% (4.21)

Vay hé s6 méo phi tuyén phu thudc vao bién do dién 4p tin hiéu 16i vao U, ma khong phu

thuoc vao vi trf diém lam viéc.

o So do emitter chung c6 dién tré tai emitter, phdan hoi ém vé dong

Néu méc thém trd R;; tai emitter cta transistor nhu hinh 4.19.a, ngoai tac dung tao phan héi am
vé dong mot chiéu dé 6n dinh diém lam viéc (hinh 4.13.c) ta con ¢6 phan hoi am vé dong tin hiéu
xoay chiéu qua né. Trong trudng hop ndy c6 so d6 tuong duong véi tin hiéu xoay chiéu nhod nhu
hinh 4.19.b. Ta s€ tinh cac thong s6 khi thuc t€ rcz >> Rg, Re, Ry va R, >> g + Ry

1. Tré 16i vao bé khuéch dai R, bing tr& vao cla transistor dugc mic song song vdi R,. Do

R, va rg rat 16n nhu néi trén ta co:

~ ~ ~ r ;+R }+;
U, rBE[BJrRE[b_BE ’ E(B LJ

~

I B ] B
(4.22)

,~BE;B+RE(;B+/,»;BJ
= =TIBE +(1+:B)RE

1

B

So sanh véi trudng hop khong c6 tré Ry, trong trudng hop cé phan hoéi am, tré khéng vao
tang them (1+ B)R, .

+E¢

71 ~ %
Rr(| U

|

(@)

Ry
C o

Cc
Un< ;

(b)

Hinh 4.19. So d6 khuéch dai c6 tré phan hoi am tai emitter (a) va so d6 tuong duong (b).
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2. Tr&l6ira: R, =R
3. Heé s6 khuéch dai the:

Nhan xét tir hai so d6 tuong duong 4.18b va 4.19b ta thdy chi viéc dung cong thic (4.18)

vGi viéc thay trd vao tir gid tri bang ry; thanh ry + (1+ AR, 12 duge:

U, _ —BRc Mg lIRy)  —S(Re iy 1Ry

A, =—TL= = . (4.23)
! Un rn+rBE+(]+ﬂ)RE ]+’7n+(1+ﬁ)R7E
TBE TBE
So véi truong hop khong ¢6 trd R, hé s6 khuéch dai thé bi giam di.
4. He s6 khuéch dai dong dugc tinh nhu trudng hgp trén c6:
A = ]N ~ {T _ B, (”CE //NRC //RT):ﬂ TcE //]I:C /I Ry (4.24)
I, 1, R 1, T

Vi so d6 nay rit hay dugc ding nén ta néu thi du tinh todn cdc linh kién trong mach ctia nd.
Gia st nguon tin hiéu c6 dién trd noi r, = 10 kQ, transistor ¢6 hé sd khuéch dai dong tinh £ = 250,

nguon nuoi +15 V, hay tinh cdc gid tri dién trd va tu dién trong mach hinh 4.20 véi trd tai 100 kQ.

Ta chon dong tin hiéu tai collector khong +15V

16n dé sao cho tr& khing vao xoay chiéu khong R=14MO Re=40k2

nho hon 20 kQ. Trd khdng nay bing R,//R,//rg .
(Cg duogc chon sao cho c¢6 dung khiang coi nhu

C,=100nF
C,=0,36pF

U, | |R=1002

bang 0 & tan s6 1am viéc, doan mach xuong dat, Y Liv Ry=330kQ TCHOO»F
ta s€ tinh sau). Néu chon /. = 200 pA, ta cé: L °
BUr  250x25,5.107° 240 Hinh 4.20. Thi du tinh cdc thong s6 clia bo
r = = ~ 4
BE = c 200.107° khuéch dai dién tré.

Xdc dinh diém lam viéc khi khong c¢6 tin hi¢u: diém 1am viéc cang 6n dinh néu sut 4p mot
chiéu trén R, cang 16n (phan héi am vé dong mot chiéu cang 16n). Néu chon U, = 2V thi dong
ol 18T°  2mV /° C

I 2V

nhiét. D€ tranh méo phi tuyén, dién dp collector khi khong c6 tin hiéu ciing phai khong dugc roi vao

collector chi thay déi mot lugng =01%/1°C la dat yéu cau vé 6n dinh

ving bdo hoa Ug; ~ 0,3V, nhung ciing khong dugc 16n qua vi hé s6 khuéch dai s€ nhd. Gia su tin

hiéu cuc dai & 16i ra can co:

Ta chon U, = 7V va tinh céc gia tri R- va R, cho truong hop nay:
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e 2 o

R. ~ =
ET00 7 2000070

_HVe-Ue  15-7

R =
Ic 200.107°

=40 kQ

Thé base khi khong c6 tin hiéu cin chon sao cho sut dp trén R, khoang 2V trong khi sut dp trén
16p ti€p gidp base-emitter ¢d Uy, ~ 0,6V. Vay the€ trén base bang: Uy = U + Uy, = 2,6V. Tix d6
tinh ra dong base:

200.107°
IB :]C/ﬂ:TZO’(‘glJA

Dé 6n dinh, dong chay qua dién trd R, trong phan dp R;, R, phai 16n hon ¢& 10 1an dong base va
do vay bing 8uA. Ta tinh dugc:
ISV-26V 15-26

R, = = 5 =14 MQ
SpA+08pA  8.107° +0,8.107
SpA 8.107

Tinh tr&é khang vao: 1y, =rgp //R; I/ Ry =29kQ

Tinh tré khang ra, theo tai liéu k¥ thuat véi dong cuc gép 200uA ta b rq; = 500 kQ. Vay trd
khéng ra bang:

Ta s& tinh gid tri clia c4c tu dién, do trong mach c6 3 bo loc thong cao nén cin chon tan s6 cét
ctia ching thap dén ¢& mong muon, thi du 1a 20 Hz. Khi dau néi ti€p n bo loc thong cao c6 tan s

cét bing nhau thi tdn s6 ¢t bo loc gn bing tan so cat thanh phan nhan véi Vn .

Dovay c6:  feg = feiNn = fej = feg /Nn =20Hz /3 =11 5H:z

¢ = ! = ! 3 — =036 uF
2afci(ry +1ge) 27 x11,5.(10.10° x32.107)
Vi,  coo S _ dc _ 200.107° 100
Y T 24Uy 27x115x255
C, ! ~ 100nF

_Zﬂgfcl‘(rra +R;)

e So do collector chung: So d6 thuc va so do tuong duong cua bo khuéch dai nay duoc trinh
bay trén hinh 4.21. Day con dugc goi 12 so d6 ldp lai emitter. Dugc goi nhu vay vi dién dp 14y ra
trén emitter 1ap lai su thay déi dién 4p 16i vao trén base, hé s6 khuéch dai thé clia so d6 gan bang 1.
Dién tré R, trong so d6 déng vai trd nhu R trong so d6 emitter chung.
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+E¢

— E S
T I'se |
~ U
~ Un "Ry Flg T I_-’JFCE Re [[Rr
! l
Ry U c
l
(@) (b)

Hinh 4.21. So d6 khuéch dai collector chung (a) va so do tuong duong (b).
Tinh céc thong s6 clia so d6 bo khuéch dai.
1. Trd 16i vao R, ctia bo khuéch dai 1a tr& vao clia transistor duoc méac song song véi R,. Néu
chua tinh t6i R, va thudng ro; >> Ry, Ry ta co:

U rgel, +(Ry IRy E
RV ==

I, I

. ' . (4.25)
ree 1, + (R //RT)(IBN +p1,
= . =rge +(1+B)(Rg // Ry)
I

B

Nhu vay trd vao cua so do lap lai emitter 14 16n khi dién trd Rz 16n va gdp cd S lan. Khi
tinh ca R, thi trd vao bo khuéch dai giam di va duoc tinh bang R, // R,

2. Trd16i raR,, khi chua tinh t6i r, va R, thi

U (RB//"n);B"‘"BE}B

Rra = % ~ ~
Ira [E

I Ry /l1,)+r

G Tyt nen r, < Reln )t
1+p 1+

) . R /I1,)+1,
Néu tinh téi ro; va R thi R, ~ %/h’@ /IR (4.26)
+

Trong truong hop r, << Rg,rge va rgp >> Ry thi:

-
R, ~-—BE )R 427
ra 1+ﬂ E ( )

Vay bo khuéch dai lap lai emitter c6 dac diém 1a trd 16i vao rat 16n, tr& 16i ra rat nho. D6
la mot dac diém quy, cho phép dung né nhu mot bo phéi hgp trd khang tot gitta mot nguodn tin
hiéu c6 dién tré nguon I16n véi tai tieu thu c6 dién trd tai nho. Nghia 1a né cho phép truyén tri
s stc dién dong ciia ngudn tin hiéu 1én mot dién trd tai nhd hon dién tré cia ngudn tin hiéu
nhiéu véi hiéu sudt truyén rat cao.
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T

. , v, U,
3. H¢ s6 khuéch dai thé A, : Do r,<<R, nén A, = U_ ~—=
n

Ch

Khi chua tinh dén R, ta c6 thé tinh hé s6 nay bang:

(R //RT);E (Rg //RT)(]J'-ﬂ);B

~ =

u ~

Ry I Ry I,

B

Thay gia tri R, & trén ta c6:

o (Re /R )1+ f)  _ ! <7 (4.28)
rBE+(]+ﬂ)(RE//RT) J+_ 'BE
(1+ﬂ)(RE//RT)
Khi R >>]/S—£ thi 4 ~1
E = u ™
TBE

4. H¢ s6 khuéch dai dong:
TaldlémnﬁtE,taCé ]b+lc+ﬂ1b—UT/rCE=0,

I, 1
vdy Ai:—Tz—T:Lz]+ﬂ (doRy /] rex >>Ry) (4.29)
T Ry Rr

Rg  ree
e S0 do base chung: So d6 thuc va so d6 tuong duong ctia bo khuéch dai nay dugc trinh bay

trén hinh 4.22.

+E¢

(@) (b)
Hinh 4.22. So d6 khuéch dai base chung (a) va so do tuong duong (b)

1. Tinh hé s khuéch dai thé 4, : So sénh véi so d6 emitter chung ta thiy dién &p tin hiéu vao
cling dugc dat giita emitter va base, dién ap tin hiéu ra dugc 18y trén emitter. Do d6 do khuéch
dai dién dp ciling giong nhau va tir cdc cong thiic (4.18) va (4.19) ¢6 thé suy ra cdc biéu thiic
tinh hé s6 khuéch dai dién ap cho so d6 mic base chung nhu sau, vé6i luu y dua diu duong vio
vi bién thién dién dp ra trén base 1a d6ng pha véi bién thién dién dp vao trén emitter:



u

SR 1/ 1cg I/ Ry)

T

1+

"BE
Vakhi r, <<rgp va Ry, Ry << rgpthi hé s6 khuéch dai th€ cuc dai va bang:
A, =-S(Rc /I Ry)
Ic(R¢ /IRy)

I
ViS=-—5 nen A, = (4.30)
UT UT
2. Tinh hé s6 khuéch dai dong dién A;:
R
A =1m z]TT=1iz] 431)
o1, P

3. Trd khdng vao clia so d6 base chung nho hon nhiéu trd khéng vao ctia so d6 emitter chung:

R

o _Uvo Uvio _Rerge L_,_L g Re  rgr _Ur (4.32)
. 5 B B Rcllrce B ¢
Ig Ic

4. Trd khdng ra cla so d6 ciing giong nhu so d6 emitter chung va béng:
Rra = RC //rCE

Re  ree

Khi hoat dong trong viing tdn s6 cao cin chi y dén diém khéc biét gifta so d6 base chung va so
d6 emitter chung vé dién dung 16i vao. Véi so d6 emitter chung, dién dung vao la téng ctia Cy va
dién dung ghép gilta mach ra va vao C; tdc dong vé€ mach vao C'cy = K,Cp. NO ¢6 tri s6 khodng tir
10 dén 100 pF. Vé6i so d6 base chung, dién dung vao chi 1a dién dung base-emitter Cy;; ¢4 tri sO vai
pF. Nhiing dién dung vao nay ciing véi tré ndi nguon tin hiéu tao thanh mach loc thong thdp lam
giam tdn s6 giéi han trén cua transistor. Do vdy so d6 base chung thudng dugc ding cho cdc bo
khuéch dai lam viéc & cdc tan s6 cao hon trong céc so d6 khac.

e Tom tat cac tinh chat cua 3 loai so do.

Qua céc khdo sat trén, ta c6 thé ddnh gid khdi quét cdc dic diém cla 3 loai so d6 vira phan tich

theo cdc thong s6 cia so d6 nhu bang sau:

Emitter chung Collector chung Base chung
A, 16n nhd 16n
A 16n 16n nhd
Ry trung binh 16n nhd
R trung binh-l6n nhd 16n

- Mach emitter chung c6 hé s6 khuéch dai cong suat P = A,A, 1a 16n nhét, do d6 thudng hay
dugc dung. Tré khang vao va trd khang ra c6 gid tri trung binh vi vay ciling thuan lgi cho viéc ghép

gilra tai va nguon tin hiéu. Dién trd tai thich hgp v6i mach nay trong khoang vai kQ.
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- Mach collector chung c6 dién tré vao 16n, dién tré ra nhd nén thudng duoc dung dé phoi hop
tré khdng gitta nguon tin hiéu ¢6 trd khdng 16n va tré tai nhd. Mach nay c¢6 hé s6 khuéch dai thé nho
hon va gin bang 1 nhung c6 hé s6 khuéch dai dong 16n.

- Mach base chung dugc dung nhiéu & dai tan s6 cao vi ¢6 dién dung vao nho hon so v6i mach
emitter va collector chung.

4.3.7. So do Darlington: Khi sir dung bo 1dp lai emitter ma do khuéch dai dong dién ctia mot
transistor chua du thi nguoi ta thudong bé sung thém mot transistor nita nhu so d6 hinh 4.23.a goi 1a
so do Darlington. Hai transistor T, va T, lic ndy c6 thé dugc xem nhu mot transistor véi cdc dién
cuc E’, B’, C’ nhu hinh v&. Ta hay tinh c4c thong s6 cua so do.

Goi hé s6 khuéch dai dong
dién tinh cta hai transistor tuong
ung la g, va f,.. Trong truong hop p
tr& R’; 1t 16n (bing o) thi dong

emitter cia T, chinh bing dong base

cua T, nén ta c6 thé dé dang thay

dugc hé s6 khuéch dai dong cua ca

(b)
h¢ f' bang: Hinh 4.23. So d6 Darlington thong thudng (a) va kiéu bu (b).

B'= B b2 (4.33)

Nhin vao so d6 ta ciling thdy, tr6 16p ti€p gidp emitter-base 7y, cla transistor T, déng vai tro
nhu mot dién trd méic vao emitter clia transistor 7, trong so d6 emitter chung ¢ dién trd phan hoi

am & emitter. Do vay c6 thé dp dung cong thic (4.22) cho viéc tinh trd vao cta bo khuéch dai

Darlington:
Ry =rpg +(1+ B raes
N 7 N 1
Vi Ic2 = Bole, nén  Ippy =——Tpgy
1+
A ’ UT
c

Dé c6 do hd din S’ 16n thudng chon dong I, > I, bang cach dua vao emitter 7; mot ngudn

dong hodc méc thém R’; nhu hinh v&. Dién trd nay thudng duoc chon 16n hon 7y, nhiéu dé sao cho
hau hét dong tin hiéu I, di vao base cua transistor 7 ,.

Ciing ¢6 thé n6i hai transistor khac loai dé tao thanh mot so d6 Darlington kiéu bu nhu hinh
4.23.b. Transistor T, ltic nay 1a loai p-n-p chit khong phai 1a loai n-p-n. Céc thong s6 ctia so d6 van
nhu so d6 hinh 4.23.a.
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4.3.8. So d6 tao nguon dong khong déi

Nguén dong khong déi (goi tit 1a nguén dong) dam béo trén tai mot dong khong déi, khong
phu thudc vao su bién ddi clia trd tai. Pac diém clia doan nim ngang trong dic tuyén cla transistor
cho phép st dung n6 lam ngudn dong rat t6t. Dé c6 dong 16i ra khong déi khi trd tai thay ddi thi tré
noi ctia ngudén dong phai rit 16n so vdi trg tai. Hinh 4.24.a 1a mot so d6 ngudén dong 6n dinh c6
mach phan ap.

+ ++ + ++
R, R, ll,a~=l~c= const R, R, l|ra =l
Uc Uc
R, Re b Re
(@ (b)

a (©) (d)
Hinh 4.24. So d6 nguén dong 6n dinh ¢6 mach phan 4p.

Dic tinh ra cla transistor cho so do ¢6 dac diém la c6 noi trd vi phan ra rét 16n (r,, = dU, /dl,,
=dU, / dl) trong khi néi tré tinh (U,,/ I, = U / I-) nho. Vi vay dong ra xoay chiéu hdu nhu khong
phu thuoc vao tré tai R,. Dé tinh trd ndi r; ta c6:

dI,,a:dlc, dUCE z_dL]’.a, dIC:dIE“r‘dIB, dUBE:_d]B(R]//RZ)_dIERE

_ dUru ﬂR E

= =rep| 1+
Yoar, P (R MIRy) g + Ry

Thi du, chon R; =5 kQ, U, =5V, dién tré phan ap (R, / R,) = 10 kQ, re = 100 kQ, £= 300, rge
=pU;=78kQtacdr cd6,7 MQ.

Tur cong thic trén thay rang dién trd phan dp c¢6 anh hudng dén ndi trd clia ngudn dong, vi vay
thudng thay R, bing mot diode 6n dp nhu hinh 4.24.b.

Hinh 4.24.c 1a so d6 nguén dong "guong dong dién". DE bu trir hiéu ng nhiét tai cuc emitter
(2mV/°C) nguoi ta ddu ndi ti€p mot dién trd R, v6i diode D. Khi d6 ta co:

I~1

_Up-Upg LRy +Up —Upge zR_zl
R R Rp '

Do dong I,, ty 1& v6i dong I, nén so d6 nay goi la guong dong dién. Dé dam bao U, ~ Uy, thay
cho diode, ngudi ta dung mot transistor T, ¢ cuc collector dugc néi véi base nhu hinh 4.24.d.
Trong so d0 nady U, =U,, >Uqpy (Ucpn 12 thé bdo hoa), do dé T, bdo hod.Vi Uy, = Uy, nén khi

chon dugc céc transistor thich hop ta s€ c6:
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Ig;=1Ipy=1p va Ic;=1c;=plp

Licdé: I, =plg+215 va I,,=plp= p I, ~1,
p+2

Nhu vay so d6 ¢6 kha nang lam viéc ngay ca khi dién trd cuc phét bi dodn mach.

4.3.9. Hién tuong troi diém khong va so do khuéch dai kiéu cau

Trong qué trinh hoat dong cua transistor trong bo khuéch dai, cac thong s6 moi trudng thay doi
(thi du, su thay déi nhiét do, thay ddi gia tri dién 4p ngudn nuoi, v.v...) s& gay nén hién tuong troi
diém khong. Thi du, ta biét ring chat ban din rat nhay cdm véi nhiét do nén néu nhiét do moi
truong thay déi, vé nguyén tic du it di nhiéu ciing 1am thay déi dong collector clia transistor méic
di tin hiéu vao base khong d6i. Khi d6 du tin hiéu vao luon bang khong, thi sau mot thoi gian tin
hiéu ra ctia bo khuéch dai van bién d6i t6i mot gid tri khac khong nao do. Ta goi d6 1a hién tuong
troi clia bo khuéch dai mot chiéu. Hién tugng nay gin lién véi ban chat vat 1y clia cac qud trinh
thang gidng trong vat liéu ban dan dudi tdc dong bién déi cham clia cdc thong s6 moi trudong hoac
do ngay su khong 6n dinh cac tham s6 cua transistor. V&i cdc by khuéch dai lién két gilta céc ting
bing tu dién hodc bién thé phan cdch thi khong xay ra hién tugng ndy vi cac thé troi bi cdc tu dién
loai bo.

Do dé do troi diém khong la mot thong so rit quan trong v6i mot bo khuéch dai mot chiéu.
Trong céc bo khuéch dai nay, néu khong dugc thiét k& can than thi tin hiéu troi (duge coi nhu
nguén gay nhiéu) rat gan giong vadi tin hiéu bién doi cham can khuéch dai. Vi vay viéc thiét k€ cdc
bo khuéch dai dung transistor ¢6 kha nang triét do troi cao 1a can thiét. So d6 khuéch dai kiéu cau 1a
mot thi du.

So d6 khuéch dai mot chiéu ki€u cau dugc xay dung trén nguyén tic can bing cua ciu
Wheatstonse nhu hinh 4.25.a. Khi thod méan diéu kién can bing R, = R,, R; = R, thi th€ & dudng
chéo ctia cdu U,p khong phu thudc vao th€ nuoéi cau U, tic 1a Ugp = 0 v6i moi U,y N6i cach
khéc, néu céc cap dién trd R, R, va R;, R, déu giong nhau vé cau tao va tri s6 (cong nghé ché tao,
vat liéu ché tao giong nhau) thi diéu kién can bang cdu s& luon dugc thod man khi cdc thong s6 clia
moi trudng cling nhu gia tri nguén nuoi bién doi.

‘TA

O +E¢
RBS
R,
Use c D = P
Re R R
o0V

(@ (b)

Hinh 4.25. Ciu Weatstone va so dé khuéch dai kiéu ciu.
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Dua trén nguyén 1y d6, mach khuéch dai ki€u cau dugc thi€t k& nhu hinh 4.25.b. Trong d6 céc
linh kién R, R, va céc transistor T, va T, giit vai tro 1a cdc nhanh cta ciu. Néu chon céc cap nay
hoan toan giéng nhau vé vat liéu va cong nghé ché tao thi khi cho U, = 0, diéu chinh bién trd P sao
cho U,, = 0, trong trudng hop 1y tudng mach s& luon gilt dugc trang théi can biang nay du nhiét do
moi trudng hay thé nguon nuoi +E. thay déi. Thuc vay, nguyén do 1a vi lic d6 su bién d6i cua
nhanh R, T, hoan toan giong su bién déi clia nhanh R, T,. Tuy nhién trong thuc t€ vi khong thé
ché tao hoan toan chinh xdc cdc linh kién nay dugc nén mach van con mot do troi nao dé nhung rat
nho.

Bay gio néu tdc dong & 16i vao mot theé Uy, # 0 thi trd noi cua T, s& thay déi, cdu bi léch can
bing va 1am xuét hién thé€ 16i ra U,, # 0. Trong ving hoat dong tuyén tinh cia T, thé€ 16i ra U,, s&
bién d6i tuyén tinh theo thé 161 vao Uy. D6 1a nguyén tiac hoat dong clia so d6 khuéch dai mot chiéu
kiéu ciu. Nhuoc diém clia né 1a & chd chi ¢6 transistor T, 13 1dm nhiém vu khuéch dai con transistor

T, chi don thudn gift vai trd 12 mot dién tr& c6 dac tinh bién déi giong "dién trd" T,.

4.3.10. So do6 khuéch dai vi sai

Bo khuéch dai vi sai c6 so d6 nhu hinh 4.26. So d6 nay gan giéng so do kiéu cau trong d6 thém
vao dién tré R, duoc mic tai diém ndi chung hai emitter clia cdc transistor téi mot nguén thit hai 1a -
V¢c. Gia tri cia R; dugc chon di 16n dé dong qua dién tr& nay dugc xem nhu khong dai.

Vé tinh can xiing dé triét do troi diém khong thi

bo khuéch dai nay khong khac nhiéu so véi khuéch dai *vee

ki€u ciu. Nhung vé nguyén tic khuéch dai tin hiéu c6
khac. Pay 1a bo khuéch dai tin hiéu mot chiéu doi
xang, c6 2 161 vao Uy,, Uy, va 1 16i ra 1a hiéu th€ giita
Uq valUg,.

Uy =Uc;=Uc 1

Tat nhién ciing c6 thé 14y tin hiéu ra tir 2 ddu ra so
v6i diém chung 1a U, hoic Ug,.

Nho ¢6 R, ma ca T, va T, déu tham gia khuéch dai -Vee
tin hiéu. Thuc vay, gia st cac linh kién doi xdng trong Hinhd.26. Bo khuéch dai vi sai.
mach c6 cdc thong s6 giong nhau hoan toan thi & vi tri '
canbing U, = U,=0tacé U, = 0. Néu giit nguyén Uy, va cho Uy, tang thi I, va I, s€ tang
din t6i U, giam. Mat khac, dong I, ting s& 1am cho thé tai diém E 1a Uy, tang. Vi U,, = Uy,
khong déi nén diéu nay 1am gidm hiéu thé Uy, dan t6i 1am giam dong I, va I,. Vi I, gidm nén
thé U, tang. K&t qua 1a nhd sy ¢6 mat cia Ry ma mot su tang thé Uy, da lam giam thé U, va tang
the Uy, tic 1a 1am tang gap doi su bién doi cua the 16i ra U,, (= U, - Ug,) so véi trudng hop & so do
kiéu cau do c4 transistor T, cling tham gia khuéch dai.

Tuong tu ciing c6 thé 1y luan cho trudng hop gitt nguyén Uy, va bién doi Uy, Diac biét khi Uy,
va Uy, dugc bién déi theo huéng ngugc nhau, ta goi 1a di tdc dong lén 10i vao mot tin hiéu vi sai

(bién d6i nguoc pha nhau) thi su bién doi thé 16i ra s& tang gap boi. Con trong trudng hop khi Uy, va

77



Uy, bién d6i theo hudng cung chiéu (bién doi dong pha nhau) ta goi 1a da tdc dong lén 16i vao mot
tin hiéu dong pha. Ly luan cho thay thé 16i ra s€ giit nguyén bang 0 khi céc bién déi d6 1a dong pha
va ¢6 do 16n bang nhau. Tuy nhién trong thuc t€ do khong thé ché tao duogc céc linh kién doi xing
hoan toan nén van con mot gia tri 16i ra khac khong nao d6 nhung rat nho. D6 1a nhitng dac tinh rat
quy cua bo khuéch dai vi sai: n6 cho phép khuéch dai nhay véi céc tin hiéu vi sai va khong nhay véi
céc tin hiéu dong pha. Bo khuéch dai vi sai s& rét it nhay vé6i su bién déi ctia céc thong s6 moi
trudong xung quanh (thi du nhu nhiét d6 moi trudong bao quanh transistor 1am thay déi dong collector
ctia nd) do su tac dong cua chiing 1én cic 16i vao clia bd khuéch dai ¢6 ban chat nhu céc tin hiéu
doéng pha.

Dién trd R, mac & emitter cling tao nén mot phan héi am vé dong 1am tang tinh 6n dinh clia
mach khuéch dai. Néu chon R, du 16n thi do triét tin hiéu dong pha sé rat 16n (do triét céc tap am
dong pha cao) va mach s& 6n dinh d nhiét d6 moi trudng thay doi.

Giong nhu ¢ mach khuéch dai ciu, miic do can xing trong khuéch dai vi sai phu thudc vao su
can xting (hoan hao) trong cong nghé ché tao cac cap T;, T,, Re), Res.

Ta s& tinh hé s6 khuéch dai cta so do.

Phan biét dién dp tin hiéu vao thanh 2 thanh phan:

. U, +U,
- Dién 4p dong pha: U, = vl ; v2 (4.35)
A 2 N UM 4 A 4 P Uv] _UvZ
- Dién 4p ngugc pha (con goi la dién 4p vi sai): U, = — 5 (4.36)
Nhu vay:
UIZUVI+UVZ+UVI_U\/2:U +Ud
v g
U iU U i U 37
_ Y 2 1~ Y2 _
U‘>2 — v 2 Ve v 2 v — Ug _Ud

Goi K, = @ la hé s6 khuéch dai tin hiéu dong pha va K, = @ 12 hé so khuéch dai tin
Ug Ua
hiéu vi sai, ta c6:

Uci+Uc:
~ ~ ~ Ky=——7—
Ucir=K,Ug+K, Uq 2
) e > Us (4.38)
Uc2=K,Ug-K;Uua Uci—-Uc2
Kjy=—"7F—
2Uq

Ap dung cdc cong thic véi transistor hoat dong trong cich mic emitter chung c6 trd R, tai

emitter ta cO:

___ _—PRe
g =— €
"B ;(1 + ﬂ)RE (4.39)
x, - Bk

TBE
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Tir két qua trén ta thay hé s6 khuéch dai tin hiéu vi sai khong phu thudc vao R, va gan bang hé
s0 khuéch dai trong so d6 emitter chung. Trong khi d6 hé s6 khuéch dai tin hiéu dong pha lai phu
thuoc vao R;. Chon R; >> R, s& cho K, << 1. R& rang riang néu chon R;; cang 16n thi cang triét dugc
tot cdc can nhiéu dong pha.

Gid tri dién hinh clia K, 1a tir 50 dén 100 con cta K, vao ¢& 0,001. D€ danh gia phdm chat cua

bo khuéch dai vi sai, ngudi ta con dua vao thong s6 hé s6 suy gidm tin hiéu dong pha:

K
G=|—4 (4B), thuong G c6 gid tri ¢& hang tram ngan. (4.40)

g

Viéc chon R, 16n qué gay nén sut thé trén né tang va lam cho transistor roi vao diém lam viéc
phi tuyén din t6i gidam hé s6 khuéch dai. D€ giai quyét van dé ndy ngudi ta c6 thé thay dién trd
bing mot phan tir tich cuc déng vai trd 1a mot nguon dong. Ly do vi ngudn dong c6 trd noi rat 16n
nhung sut th€ trén né (trd mot chiéu) lai nho. Hinh 4.27.a 12 so d6 khuéch dai vi sai véi nguén
dong. Tri s6 clia dong I, = I, c6 thé thay ddi duoc nho thé diéu khién Uy,. Bing so d6 nay c6 thé c6
duge G 1én t6i 60 dén 80 dB ma van dam bdo khuéch dai trong mién tuyén tinh.

Trong thuc t€ con nhiéu so d6 dung nguén dong phiic tap hon, hinh 4.27.b 1a mot thi du trong
do6 thay cho T, 1a cum linh kién R,, R,, R;, R,, diode 6n &p d va transistor T3, T, tao thanh mot nguén
dong /,. Ta cé:

Uppsn + 1Ry =Upp, + 1R,

Néu chon T; va T, giong nhau thi  U,,, =U,,,

Néuchon R, =R, thi I,,=1,,

Dong I;; dugc tao ra tir nguon thé 6n ap U, va cic trd R,, R; c6 dinh nén luon c6 gid tri co dinh.
Do vay I, ciing luon c6 dinh va I, = I, luon 1a dong khong déi.

O +Vcc o +Vce

o -Vce

(@) (b)
Hinh 4.27. So d6 khuéch dai vi sai v6i nguén dong.
Do ¢6 dién dung tiép gidp B-C nén hé s6 khuéch dai tin hiéu dong pha sé ting lén theo tan s6
do vay lam giam G. Dic tinh tan s6 dién hinh clia K, va G cho nhu hinh 4.28. Ta thay gidi han cta
G thédp hon rat nhiéu cta K, vi ldc d6 dién trd phu thudc tan s6 1 dién trd rat 16n clia nguon dong

con dién trd collector R, tuong d6i nho.
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Trong bo khuéch dai vi sai ciing (dB) 4
phan biét tr¢ khidng vao doéng pha
- - 2 2, N . . |G|
Z,=U,/ 1, va tr0 khdng vao vi sai

IKal

Z,,=Ual1,. Néu v& so d6 tuong duong 40

s€ thdy trong ch€ do khuéch dai vi sai,

» f, kHz

nguodn tin hiéu mic noi ti€p véi cdc dau

vao cua transistor nén trd khang vao vi Hinh 4.28. Dac tinh tin s6 cia K, va G.

sai tang lén gdp doi so vdi tré khang vao

mach emitter chung. Nguoc lai, trd khdng vao trong ché€ do khuéch dai dong pha giam di hai 14an.
bién trd ra cia mach trén mot transistor cling giong nhu trudong hop mach emitter chung.
Ta xét thém dic tinh truyén dat 1. = f(U,) ctia bo khuéch dai vi sai dé dénh gid dai dong clia

Uy IU.

mach. Trong truong hop hé s6 e T >> ] dong collector cta hai transistor phu thudc vao thé

base nhu sau:

_ U, IU.
Iy =1y =1ye 7

UREZ /UT
Iey = Ipy = Iypze
Trong d6 I,,, 1a dong bao hoa emitter, Uy 1a thé nhiét c& 25,5 mV & nhiét do phong.
Néu hai transistor ¢6 dac tuyén tinh nhu nhau va & cing mot nhiét do, ta c6:
Tppy = Tpnz = Iy
Dong qua R khong ddi va bang téng hai dong: Iy =I5, + 1,

Thay vao biéu thiic trén ta c6: I =1 =15, =1I,,e"="V

Thay vao biéu thitc dong collector ta c6:

1

Ic)~1Ig = E

i El ] + e_(UBEl _UBEZ )/UT
IE

Iey =1y =

] + e(URE17URE2 )/UT

Hinh 4.29 1a dic tinh truyén dat cta hai transistor véi hai dudng d6i xiing nhau. Ta thdy cdc
ddc tinh nay ¢6 do doc 16n nhat khi U, = Uy, - Upge, = 0 va bang:

_dlep =1_E (4.41) Lk I

dUpg) ~Upg>) U,=0 4Ur 084 Lo TN Iy
AN : L oA

Mién khuéch dai tuyén tinh nam trong 0,6 /

khoing -U; < U, < +U; tic la trong khoang  ,
A /\Mién khuéch dai
50+-60 mV 02 ‘/ % tuyén tinh

Nhin vao day ta cling thdy méo phi tuyén

.

T >
trong bo khuéch dai vi sai nho hon so v6i mach 6 4 2 0 2 4 6 Uq
emitter chung nhiéu vi 6 sy bl trir dac tuyén Hinh 4.29. Dac tinh truyén dat tinh ctia bo
vao cda hai transistor. Kkhuéch dai vi sai.
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Trong bod khuéch dai vi sai cling xdy ra hién tuong troi do cdc tdc nhan nhu nhiét do, nguén
nuoi, cac tham sé cla transistor khong én dinh. Cc tri s6 dién gay nén bdi cidc nguon nay tic dong
lén hai transistor vé nguyén tic 1a cdc dién 4p dong pha nén khong anh hudng dén tin hiéu ra.
Nhung trong thuc t€ vi mach khong hoan toan doi xding nén van sé ¢ mot dién dp vi sai troi (dién
ap lech diém khong) AU, = AU, —AU,,,. V6i céc transistor thong thudng dién 4p nay c& mot vai

mV khi nhiét do thay déi 1°C. Trong trudng hgp nay tinh dugc dién ap léch khong dau vao 1a:
AUpp =Upg; ~Upgpz = Ur MM:UT "]L]
Iea +1gp, Ies
Khi khong cé tin hiéu vao, trén cdc dau vao hai transistor cia bo khuéch dai ¢6 dong base.
Hiéu cdc dong mot chiéu nay goi 1a dong léch diém khong (dong off-set). Dong nay chay qua céc
dién trd vao cing véi su khong doi xdng tuyét doi chia mach gy nén mot dién dp léch khong & dau
ra bo khuéch dai vi sai. Thudng ngudi ta triét dién 4p ra ndy béang thiét k&€ dat mot dién 4p lech
khong c¢6 ddu nguoc lai r6i truyén vao mot trong hai clra vao clia bo khuéch dai. Viéc chon chinh
xac gid tri dién 4p b duoc thuc hién bing viéc tinh chinh gid tri cia mot bién trd dong vai tro 1a
mot bd phan 4p.
Bo khuéch dai vi sai c6 nhiéu vu diém nhu do tuyén tinh cao, ché do hoat dong 6n dinh khi
nhiét do thay déi, triét tiéu tot cac tap am dong pha va giam dugc dp troi. Do vay né duoc diung
nhiéu trong cdc tng dung phép do chinh x4c cho cdc dai luong nhu nhiét do, do 4m, cudng do sing,
v.v... Nhitng dai lugng nay qua cac sensor dugc bién déi thanh céc tin hiéu dién. D6 16n ciia tin hiéu
d6 thuong nho (cd mV tham chi uV) va bién thién rat cham. Chiing dugc dua t6i cac 16i vao cta bo
khuéch dai vi sai dé khuéch dai 1én mot gid tri thé€ mong muén. Bo khuéch dai vi sai thuong dugc
thiét k€ lam céc tdng khuéch dai vao ctia bo khuéch dai thuat todn nhu sé€ dugc trinh bay & sau. Tat
nhién b khuéch dai vi sai ciing dugc dung t6t cho viéc khuéch dai cac tin hiéu bién thién xoay
chiéu.
4.3.11. Mach ghép giira cac tang khuéch dai
Trong thuc t€ can phai ghép céc tang khuéch dai v6i nhau dé dat dugc mot muc dich nao do.
Mot s6 trudng hop cin phdi t6 hop hai hoidc mot so transistor dé dugc mot bo khuéch dai c6 hé s6
khuéch dai dong hodc thé di 16n, ¢ tré khang vao thich hop hay dé tranh dugc hién tuong "troi'".
v.v... Nhin chung, mach ghép giita cdc tAng c6 nhiém vu truyén dat tin hiéu tir ting nay sang tang
ti€p sau sao cho tén hao trén né 1a nho nhat. Thudng ¢6 hai kha nang lién két giita hai tang:
- Lién két xoay chiéu, trong d6 cac phan tir lién két (nhu tu dién hay bién thé) chi cho tin
hiéu xoay chiéu di qua ma ngan céan cac thanh phan mot chiéu hay tin hiéu bién déi cham.
Lién két loai ndy diing trong cdc bo khuéch dai xoay chiéu va tranh dugc hién tuong troi.

- Lién két mot chiéu, trong dé céc tdng dugc ndi truc ti€p v6i nhau qua cdc phén tir dién trd.
Lién két loai nay ding cho cdc bo khuéch dai mot chiéu va phai chi y dén tdc dong clia
hién tuong troi.

Hinh 4.30 liét ké mot s6 mach ghép tang dién hinh.
Ghép dién dung (hinh 4.30.a) dugc dung rong rii trong cdc mach khuéch dai tin hiéu xoay

chiéu (nhu khuéch dai am tan). Tu dién noi ting C c6 dién dung di 16n dé ngan mach gita ddu ra

81



tang trudc véi dau vao tang sau. Thé collector tang trudc va thé thién dp base ting sau c6 thé duoc
chon doc 1ap véi nhau vi duoc phan cdch mot chiéu clia tu néi ting. Nhugce diém co ban cia kiéu
ghép tang nay la ddp ung tan s6 bi suy giam & phia tan s thap va gay ra dich pha anh huéng dén

Ty
M
Bk Bl ﬁ

e

tinh 6n dinh ctia bo khuéch dai.

_'_

Gl B

()

Hinh 4.30. Mot s6 mach ghép tang dién hinh.

Ghép truc ti€p nhu hinh 4.30.b 1a cdch ghép don gian nhat. V€ mat 1y tudng mach ghép nay
khong phu thudc vao tan s6 tin hiéu. Viéc tinh todn phoi hop giita cdc mic dién 4p mot chiéu 16i ra
ting trudc vdi 16i vao tang sau sao cho dam bao ch& do khuéch dai 1a viéc cin chi y.

Ghép dién trd nhu hinh 4.30.c tao dugc mot miic dich dién 4p giita hai tdng nhung ciing gay ra
ton hao trén céc dién trd R,, R,. Trong thuc t€, dién dung vao ting sau ciing tham gia vao mach ghép
tao nén mot mach RC 16i ra trén C lam cho mach ghép phu thudc vao tan s6. Do dé dé truyén tot
céc tin hiéu & tdn s6 cao, thudng mac song song vdi R, thém mot tu dién. Ghép bang diode Zener d
nhu hinh 4.28.d thay cho dién tré R, trong hinh 4.30.c. Loai ghép nay van tao dugc mot muc dich
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dién 4p gitta hai tAng nhung sut dp trén diode lai khong dang ké vi dién tr& vi phan ciia diode Zener
nho.

Ghép béng bién ap Tr nhu hinh 4.30.e cho phép cich ly dugc vé dién giita diu ra tAng trudc va
dau vao tang sau va ciing dé phoi hop trd khang gitta hai tdng. Tuy vay, mach nay cé dai tdn lam
viéc hep, ¢ kich thuéc va trong luong 16n (nhét 12 véi tin hiéu am tin), khong cho tin hiéu mot
chiéu qua dugc nén it dugc dung. Ghép béng transistor nhu hinh 4.30.f trong d6 cho phép c6 thé
dich miic dién dp trong ddi rong véi cuc tinh tuy ¥ ma con duge tang thém vé hé s6 khuéch dai. Su
doi hoi phéi hop cdc miic sai khdac vé dién dp giita collector ting trudc va base tang sau dugc thuc
hién bdi transistor T;. So d6 hinh 4.30.g 1a su van dung cdch ghép nay khi su dich muc dién 4p vé
phia duong do bo khuéch dai vi sai T, T, gay ra s& duogc bu lai nhd bo khuéch dai vi sai bu T3, T, va
sut 4p trén mach lap lai emitter T’s.

Ghép bang céc linh kién quang-dién nhu hinh 4.30.h ¢6 tinh chét cdch ly dién nhu ghép bién
dp. Cudng do sdng tir diode phat quang ty 1& véi tin hiéu tAng trudc s€ gay ra cédc tin hiéu dién tac
dong 1én ting sau & 16i ra phan tir transistor nhay quang. Mach ghép kiéu nay c6 thé 1am viéc trong
dai tan rat rong tir mot chiéu dén vai GHz. Pic biét dién trd cdch dién gifta 2 tAng c6 thé dat rat cao,
cho phép céch dién véi hiéu thé téi vai kV.

4.3.12. Pap iing tan s6 cua bo khuéch dai dién tro

Cic bo khuéch dai c6 trd ganh 1a dién trd nhu ké trén rat thong dung. Ta sé khao sit ddp tng
tin s6 hay dai tan 1Am viéc clia mot bo khuéch dai dién trd 14p trén transistor T, c6 ghép vdi tdng
sau T, qua dién dung C, nhu hinh 4.31.a. Trong so d6 nay, mach dién cla transistor T, 1a tai cta
ting khuéch dai T,. Trong thuc t€, can phai chd y dén dién dung gitta cdc 16p ti€p gidp p-n & 16i ra
transistor T,. Ciing vay, ngoai cdc phan t tich cuc ra, mach tai T, con chita dung ca cdc phan tir nhu
dién dung ky sinh, dién dung lip rdp, v.v... cin phdi tinh dén khi khao sat dai tAn lam viéc chia bo
khuéch dai T;.

o +E¢

&=K,Uy

T
1 1

1 1 T,
- T

CKS CT

(b)
Hinh 4.31. Mach ghép n6i 2 tang khuéch dai dién tré (a) va so do tuong duong (b).

Nhu vay, trong so d6 c6 cdc phan tir dién dung va dién trd nhu sau:
C¢ la dién dung gitta cic 16p collector-emitter clia transistor;
Cs 12 dién dung do viéc lap rdp céc linh kién va day di mach gay ra;
Cr 1a dién dung cta tai tAng 1, chinh la dién dung 16i vao tang 2;

R; 1a dién tré tai tang 1, chinh 1a dién trg vao tang 2.
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Ta c6 thé v& gon mot so d6 tuong dwong nhu hinh 4.29.b trong d6 Crs = Ce + Cp + Cyg VA Ry
la dién tré noi clia nguon sudt dién dong & = K, U, bao gém transistor T, va ngudn tin hiéu vao, véi

K, =—=B Rc, /1y, - Goi trd khang cla cac cum Ry, C, va Ry, Crx tuong tng 1a Z, va Z,, ta c6:

. . . Z,
Ura =KMUV =Ku—
Z,+7Z,
Heé s6 khuéch dai:
K=U"a =Ku ZZ =Ku ] = K”
Z,+7Z, )

U, 1+ j| @R,C,y 1+ j| ot, ———
T2 a)TZ

v6i 7,=R,C,y, var,=R,C,

K|= (4.42)

7 2
1 +(a)r, —J
T,

Ta c6 duong dap ting tan s6 ctia bd khuéch dai nhu hinh 4.32.

KK 4

" SR
(1

o Oy O

Hinh 4.32. Didp ting tan s6 cua bo khuéch dai dién tro.

1 N : :
Tai ® = ———= w,, goilatan sO gia cong hudngtacod |K|=|K,.|=K
C2 CTZ RN RT th u max
K .
. 1 NV .
Cho |K|=— I+|wr) ——| = V2 tatim dugc hai tan so gidi han dudi o, va
\/5 Ty

gi6i han trén o, cia mach:

e 1 . 1
Vi cac tan so thap, bd qua wr, ta cé: =] > o, =— (4.43)
@73 T2
2,0 2, N A 9 N A ] z ]
Véi céc tan so cao, bo qua thanh phdn —— tacé: w.7; =1 = w@.=— (4.44)
o7, 7

Ta thay ring hé so khuéch dai bi suy giam & phia tin s6 thap 1a do gia tri dién dung C,. Gia tri
nay cang 16n thi tan s6 cét cang dugc thap. V€ phia tan s6 cao, hé s6 khuéch dai bi suy gidm la do
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dién dung téng & 16i ra bo khuéch dai, cdc gid tri nay cang nho thi tan s6 cit cang dugc cao. Véi
nhitng bo khuéch dai dung transistor ludng cuc & tdn s6 rat cao thi nguyén nhan suy giam hé s6
khuéch dai con 1a do hé s6 khuéch dai K, cua transistor gy nén. Trong mién tan s6 cao, do ban chat
vat 1y clia cdc transistor, dong khuéch tén clia cdc phan tit tdi dién khong theo kip su bién déi cha

dién trudng ma dong tin hiéu tin s6 cao sinh ra nén lam giam hé s6 khuéch dai dong dién .
4.3.13. Mot so mach khuéch dai dung transistor
e Khuéch dai dai rong

Vi cdc bo khuéch dai am tan, mot dai hoat dong tir vai chuc Hz dén vai chuc ki-16 Hz 1a du.
Trong khi d6 nhiéu bo khuéch dai lai cdn lam viéc trong mot dai tdn s6 rong hon, thi du bo khuéch
dai thi tin trong mdy thu hinh can mot dai tan lam viéc rong tir 0 Hz dén 6,5 MHz. Thudng cic bo
khuéch dai am tan st dung cdc mach ghép tdng bing tu dién nhu vira trinh bay & trén. Chinh céc tu
ghép tdng ndy gay nén viéc suy giam hé s6 khuéch dai & mién tin s6 thap va cdc dién dung ky sinh
trong cac 16p tiép gidp p-n tai transistor va dién dung lip rdp ciing nhu dién dung tai gy nén viéc
suy gidm hé s6 khuéch dai & mién tin s6 cao. Vi vay viéc thiét k€ cdc bo khuéch dai c6 dai truyén
rong hon 1a cén thiét.

Mot cach tu nhién mu6n md rong dai truyén cua bo khuéch dai thi phai ting dién dung C, va
giam cdc dién dung ky sinh. Tuy nhién cédch nay chi cho phép md rong déi truyén trong pham vi rat
han ché. D€ md rong dai truyén hon phai dung cadc mach stra. Hinh 4.33 1a mot so d6 bo khuéch dai
vGi mach stra phia tin s6 thap va cao.

+E.

(b)

| |
-
-_-—
Cys Cr
1

Hinh 4.33. So d6 khuéch dai dai rong (a), so d6 tuong duong cua trd gdnh
16ira cta T, & tan s6 thap (b) va & tan s6 cao (c).

Trong so d6 nay, cdc linh kién R,;, R;,, R¢;, C;, C, 1a thuoc mach khuéch dai chua stra. Cac linh
kién Ry, Cg 12 mach stta phia tan s6 thap. Cac linh kién Ly, Ly, 1a céc linh kién thuoc mach stra
tan so cao.

Nhic lai rang hé s6 khuéch dai ctia mach khi khong c6 stra 1a ty 1& v6i trd génh va béng:

x - —PRar

u .
BE

&5



Xét téc dung clia mach sira tin s6 thap Ry, Cy. O ving tdn s6 trung binh tr& xuéng, tré khing

clia cudn cam Ly, 12 rat nho va duoc coi nhu bang 0.

Chon gid tri clia Ry va Cy; sao cho tir tan s6 @ > @, thoa man diéu kién:  Rg >>
o Cqr

Liic d6, v6i céc tan s6 @ > @, dung khdng clia tu Cg nhd 1am ngan mach Ry xu6ng dat, mach
stra khong c¢6 tic dung vi trg ganh thuc su ciia mach van 1a R.;. Bo khuéch dai cé hé s6 khuéch dai
nhu khi chua sira, nhu khong ¢6 mat Rg,. Nhung véi cic tin s6 @ < o, thi khdc, gid tri dung khing
ctia tu Cy, s& cang tr& nén ddng ké va bing vo cung khi tan s6 giam xuéng 0. Lic nay tr& ganh cla
tang khuéch dai T, phai dugc coi 1 R, mic ndi ti€p véi tré khang clia cum goém dién trd Ry, duoc
maéc noi ti€p véi dién trd ganh R, va tu Cg, mic song song vdi R, (hinh 4.33.b). Trd gdnh thuc su
dugc tang thém mot lugng bing R, // (1/joCsg). Tai tan s6 0, trd nay cuc dai va bing R, + Rg. Do
vay, hé s6 khuéch dai cha tang T, s& dugc ting lén vé phia tin s6 thap hon ®,.

Xét tdc dung ctia mach stta tan s6 cao. Do dung khdng tai dai tdn s6 nay cta céc tu rat nho nén
c6 thé bd qua anh hudng clia Ry, Cy, va C, trong so do6 tuong duong khuéch dai xoay chiéu. Gia tri
ctia cuon cam Lg, dugc chon sao cho & viing tan s6 trung binh trd xuong, cam khang ctia né nho
khong ddng ké va coi nhu bang 0. Nhung & viing tin s6 @ > @,, cudn cam nay cling trd ganh R, va
dién dung tong Crs tao thanh mot khung cong hudng vdi téng trd Zq, gift vai trd trd génh cho
transistor 7, (hinh 4.33.c).

Trong cong thiic tinh hé s6 khuéch dai ké trén phai thay R, bang gia tri ctia Z,:

Zo = R, + jolL,, X 1 (4.45)
® ( 1 J JjaCrs
1+ J| OLg, —
C s
Khung c6 tré khdng cuc dai tai tdn s6 @, = ———=—= va do ty 1¢ v6i tr6 khdng gdnh nén hé¢

L Cry
s6 khuéch dai ciia mach ciing dat cuc dai tai tAn s6 d6. Ddp dng tan s6 khi chua stra (dudng a) va c6
stra (cac duong b, ¢) ctia mach khuéch dai dai rong c6 dang nhu trén hinh 4.34. Khi chon cic thong
s0 mach stra diing ddn nhu trudng hgp dudng dic tuyén (b), dai truyén cua bo khuéch dai dugc md
rong tr (©, - ®,) dén (o', - ®') va khong xuét hién nhiing ving cé dang hé s6 khuéch dai qua cao
(dang budu) nhu & dac tuyén (c).
Nhan thay ring & phia dai tan

thap khong thé gidam o, xuéng qua

mot giéi han nao d6 duoc vi ddp | s 1-2- 2 NE\-

ung s€ xuat hién dang budu, va lai
do tu C, nén vé nguyén tac khong

1
|
thé gidm o, xuéng t6i OHz. Thudng - > o

[oramaon O g O'c O

chon hing s6 thdi gian cua mach o ;
Hinh 4.34. Dap tng tan s6 cua bo khuéch dai dai rong.
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stra tan thap can ci vao o, mong muon (7 = RgCq =T, = 21t/®, ). Sau d6 chon R < 1,6 R, thi

duong dép tng s& khong xuat hién budu. Trong viing tin s6 cao ciing do c6 thé xuat hién buéu nén

. L y 1 |L y A
viéc chon gi4 tri thich hop cho hé s6 phdm chit Q = —— | =3¢ 1a quan trong. Néu Q = 0,4 thi hdu

Cl CTE

nhu khong c6 buéu con véi cdc Q tir 0,5 trd 1én dudng budi xuét hién 6.

e Khuéch dai cao tan chon loc

Trong thong tin vo tuyén dién, séng cao tn c6 tan s6 cd hang tram kHz trd 1én. Cic mach
khuéch dai hoat dong & dai tAn s6 nay goi 1a khuéch dai cao tin. Thong tin trong dai séng nay
thudng duge thiét 1ap trong mot viing tdn s6 hep xung quanh mot tdn s6 nao d6 goi 1a séng mang.
D6 1a cédc kénh thong tin do cdc dai phat séng phét di. Do d6 mot yéu cau thuc t€ 1a can c6 cdc bo
khuéch dai tin hiéu thu chi khuéch dai chon loc tin hiéu ¢6 tdn s6 séng mang va cédc tin hiéu lan
can, con thi loai bd cédc tin hiéu cé tan s6 xa tdn s6 séng mang. D6 1a cdc bo khuéch dai chon loc.
Céc bo khuéch dai chon lgc cao tan thuong ding khung cong hudng lam trd géanh nén ciing con
duoc goi 1a bo khuéch dai cong hudng.

So d6 tang khuéch dai cong hudng vé co ban ciing giong nhu khuéch dai dién trd, chi c¢6 thay
tré ganh R bang mot khung cong hudng LC c6 mach ghép dién cam M lay th€ 16i ra U, nhu trén
hinh 4.35.a hay ciing c6 thé trich thé 16i ra U,,, qua tu C, trén hinh.

4
A R—
Zo J\ZE .........................
(b) L .
1ALC
aK
L ES—
Kmaxx/E‘ ......................... peen)
b
© L .

1NLC
Hinh 4.35. B0 khuéch dai cong hudng

Tu Cj dugc chon du 16n sao cho & tan s6 hoat dong c6

<< Rp , ta s& c6 hé s6 khuéch
0,CE

-BZc

T'BE

dai clamach la: K = v6i Z 1a téng trd cuia khung cong huong LC.

2

= P v6i R << oL (4.46)
R+ (a)L - ]J
oC

R 1a tr& ton hao cuia khung, p = % la tré khang song.

Z

C

&l
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Nhu da trinh bay trong cdc chuong trudc, dic trung tré khdng - tan s6 cua khung cé dang
dudng cong cong hudng nhu hinh 4.35.b va do vay ddp ung tan s6 K = f(w) ctia mach ciing c6 dang
cong hudng nhu vay trén hinh 4.35.c.

Hinh 4.36.a 12 mot so d6 khuéch dai chon loc & tdng khuéch dai song ngén thu dugc tir anten
mady thu thanh. Transistor dung & day phai 1a loai cao tin c¢6 tap am nodi nho va tan s6 giGi han c&
hang tram MHz tr& lén. Céc trd R,;, R,, dinh diém 1am viéc cho céc transistor. Céc tu C,, C, dung dé
céch ly dong mot chiéu va doan mach vé dong xoay chiéu cao tdn. Ching ¢6 tri s6 di 16n (hang
tram dén ngan pF), do vay khong anh hudng dén tinh chat cong hudng cta cac khung dao dong. Tin
hiéu tir khung cong hudng anten LC chi duoc trich dua mot phan vao cuc base cua transistor T, qua
lien két hd cam (bién thé) vdi cudn ghép L, it vong hon L. Viéc ghép nhu vay nhim phéi hop tré
khang giita khung va 16i vao transistor (c& 1 k) va tranh anh hudng dén do pham chéat ctia khung.
Khung cong hudng & mach ganh transistor T, 1a khung C va (L, + L; = L). Vi trd khang ra cta T,
16n trong khi trd khdng vao tdng sau T, nho nén so d6 cling ding mach ghép 1a cuén cam bién thé
L, c6 tdc dung nhu & khung anten 16i vao. Dé tranh dong mot chiéu chdy qua cuon cam ctia khung
6 161 Fe-rit anh hudng dén tir thong ctia né, collector T; dugc ghép bién thé tu ngiu v6i khung bang
cach néi n6 véi diém gitta L, it vong hon cudn L;. Nhu vay dong mot chiéu nuéi transistor chi chay

qua L, 1a mot phan ctia cuon cam khung va so do hoat dong 6n dinh hon.

N

Hinh 4.36. Mot s6 so d6 khuéch dai chon loc diing transistor.

Nhu trén di néi, cdc so do base chung ciing rat hay dugc ding cho cédc tdng khuéch dai cao
tdn. Hinh 4.36.b 1a mot so d6 thi du. Trong so d6 nay tu C, ¢6 dién dung 16n (c& hang ngan pF) nén
coi nhu base dugc ngan mach véi dat d6i véi séng cao tan. Diéu ndy cho phép dua toan bo tin hiéu
cao tan tir cudn L, vao 16i vao base-emitter cua transistor 7, Dién dung 16i ra Cy dugc ghép song
song vdi dién dung C trong khung cong hudng tai collector. Dién dung 16i vao ctia mach gébm C,, va
Cge. Do tin hiéu ra trén collector dong pha véi véi tin hiéu vao trén emitter nén dién dung C c6 tac
dung phan ho6i duong vé thé. Tan s6 cang cao, phan héi duong cang 16n va hé s6 khuéch dai cang
tang. Diéu nay lam ting giGi han tan s6 clta bo khuéch dai. Ngoai ra, thé vao cling dugc truyén truc
ti€p tir emitter dén collector qua C;. Cac tic dung nay lam gidm dién dung 16i vao cta T, do vay
ting khuéch dai base chung hay dugc ding & cao tan, tuy nhién né c6 nhugc diém 12 tré vao nho,
dong vao 16n nén chi thich hgp véi céc tin hiéu ¢6 cong suat twong doi 16n. N6i cach khac do nhay
clia may thu khong cao.
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e Khuéch dai cong suat

Tang khuéch dai cong sudt ¢ nhiém vu truyén cong suat ra du 16n trén tai, ¢6 khi t6i hang
tram W. Khi khuéch dai cdc tin hiéu 16n nhu vay cac transistor khong con 1am viéc trong mién
tuyén tinh nita, do d6 khong thé ding phuong phap so d6 twong dwong véi tin hiéu bé ma phai ding
phuong phédp xét toan bo do thi cdac dac trung cta transistor.

Ngoai tré khang vao cin phai 16n, trd khang ra cin nhoé dé c6 kha nang truyén dat cong sudt ra
tai 16n (phdi hop trd khang), hai thong s ctia bo khuéch dai cong sudt cin duge chd v 1a:

Hé s6 khuéch dai cong suat Kp = 1;’—“ la ti s6 gifta cong suat ra trén cong suét vao. C6 thé

14

dung so do emitter chung dé vira ¢6 khuéch dai cao vé ca dong va thé nhung ciing c6 thé dung so do
base chung chi cho hé s6 khuéch dai dong 16n con khuéch dai thé nho hon 1 vi trd tai nho.

Hiéu sudt 7 = I;—“ 1a ti sO gilta cong sudt ra trén cong sudt nguén mot chiéu cung cép cho

0

mach. Diéu nay doi hoi phai chd y t6i di€u kién phéi hgp tré khang gitra ting khuéch dai va tai.
Ngoai ra phai dam bao cong sudt ton hao trén transistor nho hon cong suét tiéu tan cho phép. Van
dé nita 12 cin chon ché do hoat dong thich hop dé c6 cong sudt 16n, hiéu suét 16n ma khong bi méo
tin hiéu.

C6 mot s6 ché do hoat dong trong tdng cong sudt ding transistor. Hinh 4.39 minh hoa céc ch&
do hoat dong nay.

Ché do A 1a ché€ do c6 diém lam viéc dugc chon nim & giita phan tuyén tinh clia dic trung
I = f (Ugg) nén tin hiéu khuéch dai khong bi méo. Nhung vi diém 1am viéc nim & giita doan tuyén
tinh nén chi tan dung dugc 1/2 dai rong clia doan. Nhuoc diém nita 12 vi dong tinh collector I, luon

16n hon bién d6 dong tin hiéu ra, khi khong cé tin hiéu (l} sz =0) dong tinh van 16n khic 0, nén
hiéu sudt thap (< 50%).

Ché do B c6 diém lam viec dugc xdc dinh tai Uy = 0. Do d6 chi nira chu ky duong (hodc am)
cua tin hiéu vao dugc khuéch dai. Uu diém ctia ch€ do nay la dong tinh biang 0 nén hiéu sudt cao va
tan dung dugc t6i da ca doan tuyén tinh cla dic trung. Tuy nhién do chi khuéch dai duoc ntra chu
ky nén phai dung so d6 ddy kéo cho phép hai transistor hoat dong luan phién, méi transistor khuéch
dai trong mot ntra chu ky tin hiéu.

Néu chon diém hoat dong ndm & doan phi tuyén cta dac trung trén diém khong ta c¢6 ché do
AB. Trong ché€ do nay khi tin hiéu bing 0 vin c6 dong I, nhung rit nho, do vay khi tin hiéu vao
nho, bo khuéch dai vin c6 thé hoat dong tuyén tinh dugc. Con khi tin hiéu vao 16n né hoat dong
nhu & ché do B. Ché d6 nay cho hiéu suét cao hon ch€ do A (dén 70%).

Ché dé C 1a ché do cho dong collector chi xudt hién trong mot phan ctia nita chu ky tin hiéu.
Diém hoat dong duoc chon 1a diém C sau diém 0. Thé phan cuc Uy < 0. Ché do nay thudng duoc

dung trong cdc bo khuéch dai cao tin c6 tai cong hudng dé c6 thé loc ra dugc cdc hai bac mot.
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- S do khuéch dai cdng suat don. Cic so do khuéch dai cong suat don thudng duoc thiét ké
theo cdch méc emitter chung hodc lap lai emitter dé ddm béao c6 hé s6 khuéch dai dong dién 16n va
méo phi tuyén nho. Thudng st dung ché do A véi diém lam viéc ndm ¢ gilta dudng dac trung tinh.

A

Tin hiéu ra ch& do A

/\.----J,o
]

1
T
T
1
|
1
1
1
1
1
1

[

Tin hiéu vao

/

Hinh 4.37. Cidc ch€ do hoat dong cua transistor trong tdng cong suat.

+ So do khuéch dai cong sudt emitter chung. Tai cua ting khuéch dai cong suat thudng duoc
mic truc tiép vao collector cla transistor cong suat. Thudng hay st dung mach ghép qua bién ap dé
cho c6 hiéu suét cao nhu hinh 4.38.a. Thuong tang khuéch dai stt dung ché do A.

Eo/Ze

ICmax

ICO

ICmin

(a) (b)
Hinh 4.38. So d6 khuéch dai cong suét don ghép bién ép.
Tir ho dac trung tinh va duong tai (hinh 4.38.b) xac dinh duogc dong I, va tinh dugc tré dinh
thién R,. Cong suét ra cuc dai clia tin hiéu hinh sin dugc xéc dinh theo biéu thiic:
] AN AN

= _IC max Uc max

P

rmax
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N N
I ¢ max va U ¢ max 12 bién d0 cuc dai clia dong va thé trén collector.

T
’ N ’ R 1 no
Cong suat ngudn cung cip cho mach la: P, = T J. Ec [lco +1 ¢ sin a)tj dt=E;lc (4.47)
0

AN AN

D¢ tan dung t6i da cong suét ra thi phai dam bao: Ucmax ® Ec VA& Icmax = Iy
Do vay hiéu suat t6i da ma so d6 c6 thé dat dugc 1a:

77max

= Lomar _ 5, (4.48)
P()

N
Khi chon U . bing mot ntia E,, ta dugc cong sudt tiéu tdn trén transistor nhd hon cong sudt tiéu

tan cuc dai cho phép:
PC = ICUCE < Pcmax
Tur gid tri ngudn nuoi va cong sudt tiéu tdn cuc dai cho phép nay ta tim dugc tai dong t6i uu clia
mach:
2
Ec

F C max

Rrop = (4.49)
Ta biét rang tr& tai Ry dugc chuyén sang mach collector thanh tr§ tuong duong R’y = n’R;.
Trong d6 n 1a ti s6 bién thé. Vay tir cong thiic nay c6 thé tinh dugc ti s6 bién thé n.
Do ¢6 uu diém do tuyén tinh cao nhung hiéu sudt nho nén khuéch dai kiéu nay thuong dugc s

dung trong cic b cong suat nho.

+ So do khuéch dai cong sudt lap lai emitter. So d6 lap lai emitter dic biét thich hop vdi tang
khuéch dai cong sudt. Phin nita né ciing thich hgp vi phéi hop duge trd khiang ctia nguén tin hiéu
véi cdc trd tai nhd ma khong cén qua bién thé. Hinh 4.39.a 1 so d6 ctia mach.

+Ec
Rp+

4

R Eo/R;
b2 R, =R,
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Hinh 4.39. Khuéch dai cong suat diung so d6 1ap lai emitter.
Dé c6 tin hiéu ra 16n chon ché do hoat dong A. Trén dudng dic trung hinh 4.39.c ta c6:

E--U E-+U
Uecpo =Ucpp +-C : CER _Ec : CER

Ec

Iy =

Bién d¢ dién 4p va dong dién ra cuc dai la:

N N N
E-—Ucgp
Urmax :UEmax =—C _“CER 5 ¢ Irmax :]E()

Khi di¢n tr6 tai t0i wu bang: Ry, = “TCER ta dugc cong sudt ra 16n nhat:
E0

AA n

_Uelg _ U}ZJ _(EC—UCER)2
Prppax = = = (4.50)
2 ZRTop SRTop

Khi coi I, ~ I; ta tinh dugc cong suét nguén mot chiéu cap cho mach:
Py =Eclcy 4.51)

Vay hiéu suét cuc dai cia mach la:

= %100% = Mwo% = mm% ~25% (4.52)

1
77 ) —
e 0 8RTopEC[E0 4 EC

Ciing tinh dugc cong sudt tén hao trén transistor:
A 2
1 . 2 ¢
P.=P,-P, =P, —?J.RT Igo +1c sinat |di =Py =R | I 7o+ (4.53)

Trong trudng hop khong mudén dong dién mot chiéu chdy qua tai phai ding so do lap lai
emitter ghép dién dung véi tai nhu so d6 hinh 4.39.b. Tuy nhién tinh todn cho thdy khi chay trong
ch& do A, so d6 nay c6 hiéu suét rat thap (< 10%) nén it dugc dung.

- Cac so do day kéo. Cic so d6 khuéch dai cong sudt kiéu ddy kéo thuong hoat dong trong
cdc ché€ do B hoac AB cho phép ting duoc cong suét, hiéu suat va giam méo phi tuyén. Mot ting
ddy kéo thong thudng gém 2 transistor duge mac chung véi mot tai. Mdi transistor dugc hoat dong
trong mot nira chu ky duong hodc am cta tin hiéu. C6 thé phan biét 2 loai so d6 ddy kéo. Loai so do
ddy kéo song song, trong d6 ngudn cung cap cho cdc transistor dugc mic song song véi nhau; loai
nay thudong ding tai 1a bién thé c¢6 2 nira bén so cdp dé hoa tic dong vao 1 cudn 16i ra bén thi cap.

92



Loai so do ddy kéo noi ti€p, trong d6 ngudn cung cip dién cho cac transistor dugc mac néi tiép voi
nhau; loai nay c¢6 d4u n6i 16i ra ndm & gitta 2 transistor.

+ So do ddy kéo song song. Hinh 4.40.a 1a so do ting cong suit ddy kéo song song diing bién
ap vao va bién dp ra.

Rbﬁ
Tr,

L,

L

e %

v e

(a) (b)
Hinh 4.40. So do khuéch dai ddy kéo song song.

So d6 gom 2 tadng khuéch dai. Tang thi nhat gém transistor 7, va bién thé Tr, goi la tng
khuéch dai dao pha vdi bién thé Tr, 1a bién thé dao pha. N6 gbm mot cudn so cdp L, va hai cuon thi
cap L, va L;. Hai cudn L, va L; duoc cudn cing chiéu, véi diém giita duoc néi dat nho tu C. Véi
cach cu6n day nhu vay ta c6 thé nhan dugc 2 tin hiéu nguoc pha nhau trén L, va L; tit mot tin hiéu
trén L,. Hai transistor T, va T; hoat dong day kéo. Thé phan cuc (diém hoat dong) cho chiing do cap
dién tré R,; va R, tao ra trén dac tuyén I = f(Ug;) dudng cham chdm trén hinh 4.40.b. Can chon sao
cho thé nay tuong tng vé6i cdc diém D, va D; (ché€ do AB). Vi hai transistor T, va T; c6 cling thé
phan cuc nén doan tit D, dén D; triét tiéu va dac trung I (Ugg) ctia T, va T; duge dich lai va nhap
chung nhu dudng lién nét. Nhu vay 1a T, s& hoat dong trong mot nira chu ky tin hiéu va T; s& hoat
dong trong ntra chu k¥ ¢6 dau nguge lai. Néu khuéch dai tin hiéu hinh sin thi méi nita dong hinh sin
nay s& chay qua mot nlra cudn so cip bién thé xuit Tr,. Do cam ting nén két qua 1a bén thi cap bién
thé s& xuét hién tin hiéu hinh sin téng hgp di ca hai nita chu ky xuét ra tai. Ti s6 s6 vong so cap trén
thit cdp cua bién thé Tr, duoc tinh todn sao cho né ciing ddm bao dugc nhiém vu phoi hop tré khang

giita tAng khuéch dai va tai.
Ta hay tinh hiéu sudt ra ctia mach:

. N, « 0 erex - 4 PN 5 5 N An [N A P
Goi n= 71 la ty so bién thé Tr,, v6i N, s6 vong cua nira cudn so cap va N, 1a s6 vong cudn thi
2

céip. Nhu vay trd ra twong duong clia méi transistor 1a: Ry = n? R,.

A /\2 N
;U ’ ; . Ua U
Vay: Ic ==t va Uck =nU,,. Cong suftratii la: P,=—= 2CE
RT 2RT 2n RT

AN

Bién d¢ dién 4p ra cuc dai cia mot transistor:  Ucemax = Ucgp —Ucpr
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Vay cong sudtracuc dai: P, = w
2n"Ry

Vi bo khuéch dai lam viéc & ch€ do B nén dong collector trung binh la:

T
- I
I :%jlc(t)dt:—c
) T

2" 2Ucke E;

Vay cong sudt mot chiéu cdp cho mach la: Pp=—Ic Ec =——
7 T n"Ryp

Thay P, va P, vao ta tinh dugc cong suit tén hao trén collector clia transistor:
N N
_2UceEc Uce

P-=P-P
7 nZRT 2n2RT

AN N

.. - 2
P thay doi theo U cg vadatcuc daikhi: Ucg =—E
Vs

O ch€ do B, cong sudt ton hao cuc dai la: P, = —5 Pramax
7

Vay hiéu suét cuc dai cua mach 1a: 7, = MIOO% ~ %IOO% ~78,5%.

0 max

(4.54)

(4.55)

(4.56)

Ta thay hiéu suét clia bo khuéch dai ddy kéo 16n hon bo khuéch dai don nhiéu. Bo khuéch dai
ddy kéo hoat dong & ché do AB nén dong tinh ban diu rit nho tic 13 khi khong c¢6 tin hiéu thi céc

transistor hdu nhu khong hoat dong va khong tén hao nhiét, do vay hiéu suat rat cao. Hon nita viing

hoat dong tuyén tinh ctia bo khuéch dai rong gép hai lan trong truong hgp khuéch dai don. Nhung

vi kich thudc bién dp 16n, gid thanh cao va dai tin lam viéc bi han ché nén ngay nay con hay st

dung cdc so do6 lién két truc tiép nhu dudi day.

+ So do ddy kéo noi tiép. Trong cic bo khuéch dai am thanh, viéc chon duoc bién thé cho chat

lugng dai truyén tin s6 dén cdc tan s6 cuc thap 1a khé. Do vay, st dung tang khuéch dai ddy kéo c6

lien keét truc ti€p cho phép khic phuc cdc nhuge diém trén, dic biét duge dung trong cic bo khuéch

dai doi hoi chat luong cao. Cic so d6 nay thudc loai diy kéo néi tiép sit dung cdc transistor khac

loai hay ciing loai. Ta s& khao sdt 2 so d6 dién hinh sau.
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T, 1a ting khuéch dai tin hiéu ddo pha dé tao cdc tin hiéu nguoc pha dua vao hai base clia cdc
transistor T,, T;. Trong so d6 nay thay cho nguén cung cap c6 diém gilta noi dat nguoi ta dung
nguon doi xing + Ec. C6 thé coi trong so d6 T, mic theo mach collector chung, con T; mic theo
mach emitter chung. Ngoai nhiém vu ddo pha, T, con c6 nhiém vu dinh diém lam viéc cho T, va T;
nho dién dp tinh trén base va emitter clia né. Trong thuc t€, chon Rg sao cho ddm bao yéu ciu vé do
méo va cong suit ra kho nén ngudi ta thuong thay dién tré R, trong hinh 4.41.a bing diode D nhu
trong hinh 4.41.b. Diode 1am nhiém vu han ché bién do dién dp base-emitter clia T';, nhd' d6 khéc
phuc dugc hién tugng qué tai cho T;. Mach phan héi am gém R, R, dé giam méo phi tuyén. Ta hay
tinh hé s6 khuéch dai khi ¢6 phan héi K;. Vi nit vao base clia transistor T, ta ¢6:

U
Iv:]Lf'f‘]f:R_v, va:]VfRfZ +Uv
v

Uys=1;R;+U, =K,U, vGi K, 1a hé s6 khuéch dai khi khong c¢6 phan hoi.
U, R K
Vay: K;= A X
Uy Ry K, +1+R; /Rpy+R; /R,
o Ry Ry Ry
Néu phan hoi am sau (K, >> [ +——+—— ) thi Ky~-——— (4.57)
Rf2 RV sz

Hinh 4.42 1a so do tang cong sudt ddy kéo noi tiép diing cdc transistor khdc loai don gian nhat

cung dic trung tfinh va dudng tai ciia mot trong cac transistor.

A IC

+E.

<«
c
o
m

(a) (b)
Hinh 4.42. So do ddy kéo néi tiép dung 2 transistor khac loai.

C4 hai transistor dugc méc theo ki€u collector chung véi tai 12 Ry. Dién dp vao base bang 0 nén
dién 4p ra trén cdc emitter cling biang 0. Dién ap kich cho ca hai transistor 12 déng pha va c6 bién do

bing nhau. Hé s6 khuéch dai ciia mach K, ~ 1.

Bién d¢ tin hiéu ra nam trong khoang: U, = k(EC - UCER); Ira =kl g0y

Trong d6 k 14 he so ti 1¢ 18y gid tri tir 0 dén 1.

. , s . R 1Upala 1
Vay cong sudt ra cia moi transistor 1a: P, = 5% = Zkz (EC ~Ucgr )IE max (4.58)

Cong sudt nguén mot chiéu cung cép cho moi transistor 1a:
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T/25 r
Py=Ec= [ asinatdt == Eclg (4.59)
T Vs ’
0
Cong sudt tén hao trén collector clia mbi transistor 12:

k K
(

Pe=F)-P, :;ECIEmax_7 Ec =Ucir ) g max (4.60)

Cho dao ham dP./ dk = 0 ta tinh dugc gia tri k tai d6 cong suat t6n hao la cuc dai:
2E. 2

~ —
~

”(Ec _UCER) T

Vay cong suét tén hao cuc dai trén moi transistor la:

kP max —

PCmax -

2
ECIEmax ~ ECIEmax
2 2
T (Ec _UCER) 4

Vi P¢a VA E- da biét nén tinh duge dong emitter 7,

2 _ 2
IEmaX — 4 PCmax(EC UCER) ~ ﬂ' PCmax (461)

E; E,

Tir day ciing tinh duogc céc thong s6 khac:

_Ura _ Ec—Ucpr _ E¢

RT =
A 2
1ra [Emax a PCmax
K 7’ E--U 7’
PraZ = _(EC _UCER)IEmax = kz _PCmax M ~ k2 _PCmax
2 2 E¢ 2
2k
Fps = 7ECIEmax ~ k27 pax
Vay hiéu sudt ciia mach la:
P.
n=-t2 2 khik=1 > np=21~785% (4.62)
Pys 4

Giong so do noi tiép cling loai ké trén, so do nay ciing gap phai méo phi tuyén khi lam viéc &
ché do B. Tai cdc th€ tin hiéu nho hon dién dp thong cta 16p ti€p gidp E-B céc transistor ngit va

quan h¢ gitta U,, theo U4 1a khong tuyén tinh trong viing gan géc toa do. Muén khac phuc loai

méo nay phai dung mach phan héi 4am nhu néi trén. Mu6n khéc phuc triét dé phai di chuyén diém

lam viéc sao cho Uggy;, = Upggy, twong ting v6i mic dién ap vao U s =0 . Tic 1a phai dat 1én base
clia céc transistor cdc dién dp ban dau thich hgp trong ché do hoat dong AB. Hinh 4.43.a 1a so d6
ddy kéo nhu vay. Trong so d6, T, 1a tdng khuéch dai ddo pha méc theo ki€u emitter chung. Tai
collector cta no 1a hai dién trd R, va R;. Trong d6 R; va hai diode d,, d, tao th€ phan cuc cho T, va
T; hoat dong trong ch€ do AB. Khuéch dai ddy kéo dugc thuc hién bdi cdc transistor khac loai 7,
(loai n-p-n) va T; (loai p-n-p). Khi chua c6 tin hiéu, diéu chinh bién tr6 R, sao cho U,, = 0,6V. Khi
¢6 tin hiéu xoay chiéu & 16i vao Uy, , trén collector clia T, s& xuat hién dong xoay chiéu I, va thé
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xoay chiéu Ug,. Trong nita chu ky duong ctia U, T, s& khuéch dai tin hiéu. Trong nira chu ky am
cta Ug,, T; s€ khuéch dai. Két qua 1a dong qua téi (loa) s& 1a dong xoay chiéu hinh sin ¢6 dang nhu
tin hiéu 16i vao. Cic dién trd R, va R, lam nhiém vu béo vé cho T, va T;. Ching c6 tri s6 nho 0,5 Q.
Trd ra cha T, va T; thuc chat duge méic song song v6i nhau, hon nita R; = 1k va hai diode d,, d,
méc ¢ 16i vao nén no ¢6 tri s6 nho so véi trd khang ctia loa (vai 6m).

o

+EC

(b)
Hinh 4.43. So d6 diy kéo néi tiép cong suit nho (a) va cong suat 16n (b).

Khi can cong sut 16n hon, thudong ding so d6 hinh 4.43.b. Trong d6 T, va T; 1a tang khuéch
dai cong suat. T, 1a tAng kich cho tdng cong suat hoat dong. Cic cap T, T,” vaT;, T;’ dugc mic theo
so d6 Darlington nhim dat duoc hé s6 khuéch dai dong rét I6n va trd ra rat nhd. Dé so d6 hoat
dong 6n dinh, thudng mot mach phan hoi am duoc thiét ké tir 16i ra qua mach RC dén 16i vao cua
T,. Diéu cin chd y khi lap rdp so do 1a phai dam béo diéu chinh dugc tinh can xting. Khi khong ¢

tin hiéu xoay chiéu, th€ mot chiéu trén tai phai 1a 0 von.

4.4. Transistor truong

Transistor hiéu tng truong hoat dong dua trén tdc dong cua dién trudng lén chuyén dong clia
cdc hat tai dién trong mot kénh ban dan loai p hodac n. C6 hai loai transistor trudng: loai JFET va
loai MOSFET.

4.4.1. Transistor truong loai JFET

Chit JFET la viét tat ctia cum tir ti€ng Anh: Junction Field Effect Transistor c¢6 nghia 1a
transistor hiéu tGng trudng c6 16p chuyén ti€p p-n. Cau triic va nguyén ly hoat dong clia transistor
truong loai JFET dugc trinh bay trén hinh 4.44.a. C6 2 loai JFET kénh N va kénh P. Ta s& xét dién

hinh mot loai kénh N. Ip (MA)
“Ves
IDS
16p p C(Gate
; — |
Source [\ = = < Vo

_____ ——1+©°
ov | e - . Ry
s Y
[ i Drain Ves (V)

U, -4 0

(@ (b)
Hinh 4.44.  Cau tric va déc tinh truyén dat cua transistor truong JFET.
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Trén mot thanh bdn dan silicon loai n, ngudi ta tao nén mot kénh dan dién N véi cdc phan ti
tai dién co ban 1a dién tt n dugc giGi han bdi mot 16p ban dan loai p bao xung quanh. C6 3 dién cuc
duoc gin lén d6: cuc nguon S (source), cuc cita G (gate) va cuc mdng D (drain). Vi tri va nguén
dién cédp cho cac cuc dugc cho nhu trén hinh. Transistor JFET kénh N goi 1a N-JFET. Khi hoat
dong, ta thdy 16p tiép gidp p-n gitta cuc clra G va cuc ngudn S duge phan cuc ngugc bdi thé Uy, con
tai tiéu thu dugc méc ndi ti€p véi kénh din va dong qua tai chinh 1a dong cuc mang 1.

Nhu da biét vé dic tinh cha 16p ti€p gidp p-n, su bién déi gid tri ctia dién dp phan cuc nguoc
trén cuc clta Ugg s& lam thay ddi do rong ctia mién ngheo phan tr tai. Diéu d6 din dén 1am thay déi
thi€t dién ngang cta kénh din N va lam thay doi dong cuc méng I, chiy qua kénh. Nhu vay dong
cuc mang phu thudc vao thé cuc clra va do d6 cuc clra con dugc goi 1a cuc diéu khién. Dién 4p ma

tai d6 dong cuc mang I, nhan gid tri cuc tiéu (~ 0) goi 1a dién dp nguong U,. Dic tuyén truyén dat

2
dugc mo ta bdi phuong trinh I, = IDS( —%) va ¢6 dang nhu trén hinh 4.44.b, trong d6 I, 1a
P
dong cuc mang khi Ugs = 0. Transistor truong Io (MA)
JFET c6 tic dung khuéch dai nhu transistor viing N
B ) ] tuyén tinh, vling b&o hoa
Iudng cuc. Ho dac trung 16i ra cua transistor 0 " >/
N-JFET c¢6 dang nhu hinh 4.45 gém 3 viing: ,.' Ugs = OV
- Viing bdo hoa (U, > Uy): trong d6 1,  ° | [ ! Y
khong phu thudc vao U, ma chi phu thuoc vao 6 1 / Uss =-0,5V
Ugs. Day 1a ving st dung cho khuéch dai véi 4 U = 1,0V
dong I,, dugc diéu khién bdi the vao Uy . v
- Vung tuyén tinh (U, < U,,): trong d6 U, 0 -2,5V - Ugs (V)
f f f ' T > Ups
¢6 gid tri nho va phu thudc tuyén tinh vao I, 02 4 6 8 10

- Vung danh thung: trong d6 dong I, dot Hinh 4.45. Ho dic trung 16i ra ctia JFET.

ngot tang khi U, du 16n dé ddnh thing 16p ti€p gidp p-n gan dién cuc méng.
Cau trdc va nguyén tic hoat dong cla transistor truong P-JFET vé nguyén tic cling giong nhu
loai N-JFET. Hinh 4.46 1a tém tit ky hiéu va dang dic tinh truyén dat clia hai loai nay.

P Cuc tinh . - .
Ky hiéu Déc tuyén truyén dat
UDS ID
o Ip (MA)
NJ-FET |
G N-JFET + + )
s Us
Ves (V)

-4 0

D Io (MA)
4
PJ-FET e % P-JFET . Uss (V)
S

Hinh 4.46. Ky hiéu va dac tinh truyén dat cta hai loai transistor truong JFET.
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4.4.2. Transistor truong loai MOS-FET

Chit MOS-FET Ia viét tat cha cum t ti€ng Anh: Metal-Oxyt Semiconductor FET c¢6 nghia la
transistor hiéu ng trudng c6é cuc cura cach dién bing vat lieu 6-xit kim loai. CAu tric cia mot
transistor MOS-FET duoc biéu dién trén hinh 4.47.

Linh kién cling gébm c6 3 cuc: cuc nguén Ves e, !
S va cuc méang D n6i v6i hai dau kénh dan, cuc T G — +Ecc
clra G noi v6i ban kim loai dugc cdch dién cao I s p b
vGi kénh qua mot 16p cach dién, thudng 1a o-xit KN—JEEEKE; E EN SIZAN
nhom cé dién trd rat cao. VGi cau tric nhu vay, PEP
ton tai mot tu dién MOS ndm giita cuc nguén

va cyc mang. Thi du, transistor MOS-FET  ginh 4.47. Cau tric cia transistor MOS-FET.
kénh N sir dung d€ silicon loai p, cuc nguon va

cuc mang la silicon N*. Mot hiéu dién thé duong da 16n dat 1én cuc ctra s& 1am dao ngugc tinh ban
din clia d€ P va 1am hinh thanh trong d&€ mot kénh din N. C4c dién tir trong kénh dan s& chuyén
dich tir cuc nguén sang cuc méang khi c6 mot hiéu th€ duong U, dat gitta cuc mang va cuc ngudn.
Nhu vay ciing bang cdch bién d6i gid tri ctia thé dat vao cuc cira ta ¢6 thé bién déi gia tri clia dong
chdy qua cuc mang. Transistor trudng MOS-FET ciing c6 thé dung dé khuéch dai dong dién. Do
tinh cdch dién cao cta 16p 6-xit kim loai nén transistor MOS-FET c¢6 dac diém rat quy 1a ¢6 trd vao
rdt cao, dong do 16i vao rit nho. Trong méi loai kénh P hay N, transistor truong MOS-FET con
dugc phan biét thanh 2 loai:

- Loai kénh c6 sén (hoat dong trong enhancement-mode): trong d6 ngay tai th€ Ug = 0 da ton
tai san kénh dan N (néu d€ loai P) hay kénh dan P (né€u d€ loai N). Khi thé Ug < 0 s€ lam ngheo
nong do hat tai ctia kénh va gidm do dan kénh, gidm dong I,,.

- Loai kénh khong ¢6 san (hoat dong trong deplete - mode): trong d6 khi Ug = 0, do din cua
kénh rat nho, hau nhu bing 0. Chi khi dat mot th€ duong (v6i loai kénh N, d€ loai P) hay thé am
(v6i loai kénh P, d€ loai N) mdi hinh thanh kénh dan dién. Su tang giam cta Uy trén gia tri dién dp
ngudng s& 1am thay déi nong do hat tai dién cta kénh, lam thay déi do din kénh va twong ting 1a
dong cuc méang chay qua kénh.

Hinh 4.48 1a tém tit ky hiéu va dang dic tinh truyén dat cta 4 loai nay.

Cuc tinh Dic tuvén truvén dat
7 hié ac tuyén truyén da
Ky hiéu Ups I Ugs : y y g
Io
D
NMOS-FET
kénh cb6 san G ,_| + + -
S
0 UGS
Ié“ Ves
PMOS-FET B - +
kénh c6 sin 6 o I
S
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Io
NMOS-FET °
kénh G ,_| = + + +
chua c6 san |—1 s
0 UGS
PMOS-FET ;
- D 0
kénh . ; ; ; Ves
chua ¢6 sén ¢ =
1,

Hinh 4.48. Tém tit cdc ky hiéu va dang dic tinh ra clia c4c loai transistor MOS-FET.

N6i chung céc so d6 hoat dong cla transistor
truong FET ciling tuong ty nhu transistor ludng cuc
BJT, tic Ia ciing c6 cic so d6 mac theo kiéu ngudn
chung (source chung), clra chung (gate chung) hay
mang chung (drain chung). Riéng mach dinh diém

lam viéc, thi du cho mdt transistor truong N-JFET,
thudng hay sir dung so d6 dung sut 4p qua tré méc tai

cuc nguén nhu trinh bay trén hinh 4.49. Trong so d6
ndy, dong méng /,, gan bing dong cuc nguén I sé tao  Hinh 4.49. Dinh diém 1am viéc cho transistor
nén mot sut 4p trén dién trd R v6i chiéu nhu hinh ve. J-FET kénh N qua tr§ cyc nguon Rs.

Sut dp nay duoc truyén qua mot dién trd dat tai cuc cira R, (thudng c6 gid tri 16n ¢& mé-ga om) dé

tao mot dién dp ngugc cap cho tiép gidp clra - nguén G-S.

4.5. Thyristor va triac

Thyristor va triac 1a cac linh kién chuyén mach ban dan. D6 1a vi ching chi nim & mot trong
hai trang thdi: cdm hoan toan va thong & mic bdo hoa.

Trong khi thyristor hoat dong véi nguén dién mot chiéu thi triac c6 thé hoat dong ca véi nguén
dién xoay chiéu.

4.5.1. Thyristor: nhu trén hinh 4.50.a 1a c4u tric gom 4 16p ban dan dugc ghép lién ti€p véi
nhau n-p-n-p (hinh a) hay p-n-p-n (hinh b) cling véi 3 dién cuc nhu dugc biéu dién trén hinh goi la
a-not A (anode), ka-tot K (kathode) va cuc clra G (gate). Ky hiéu cta thyristor nhu hinh 4.50.b. So
d6 cdp dién cho thyristor loai p-n-p-n véi tai dugc trinh bay trén hinh 4.50.c, trong d6 E 12 nguén
cung cép, Ug 1a thé diéu khién duoc dat vao cuc cira v6i dat. Vi loai thyristor n-p-n-p thi cuc tinh
dién 4p nguén va dién dp diéu khién duoc méc nguoc lai.

Ho dac trung I, = f (U AK} Uy =const c6 dang nhu hinh 4.51. Ta thdy dang nay giéng dac trung
clia dén chita khi. V6i mot thé U, khong déi, khi U, < U, dong qua thyristor hiu nhu bing
khong. Thyristor & vao trang thdi cdm trong vung (I). Khi thé U, = U,;, dong qua thyristor bat
dau tang 1én mot cdch dot ngdt din téi su sut th€ manh trén anode 1am cho U,y giam, thyristor ldc

nay & trang thdi c6 dién trd am (II) tic 1a th€ gidm-dong tang.
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A (anode)

l A UAK RT
n P+
A J, A
Ny —
P G J; — Ecc
— n U P2 -
G (gate) G K g s J, -
P 7] N2
T ) K
K (kathode) =
(a) (b) (©

Hinh 4.50. CAu tric, ky hiéu va cach méc thyristor.

A

Sau d6 khi ting th€ ngudn vao, dong I, ti€p tuc ting I

rat nhanh, thyristor & vao trang théi thong trong ving (III).
Nguoc lai, trong viing thong, ta phai giam dan thé U, dén Yot > Uoz> Ues
mot mdc nao d6 qua di thi thyristor méi lai nhay nhanh - -
chéng vé trang thdi cdm. Dudng cham cham cho ta qua trinh

chuyén tir thong sang cdm d6. Ho dic trung cho thay, khi

thé Uj; tang thi dién dp moéi U,,; giam xudng, tic 1a thyristor 0 U

s& dé chuyén tur trang thai cdm sang trang théi thong hon.
Hinh 4.51. Dic trung V-A cta

Vay ngoai qué trinh qua do (vung II), thyristor s&€ ¢ vao mot Thyristor,

trong hai trang thdi on dinh 1a cdm hodc thong giong nhu

mot cai chuyén mach dién tlr (cong tic) c6 thé diéu khién duoc & mot trong hai trang thai khod hoac
mo. Do vay trong ti€ng Anh, thyristor thudng dugc goi tat 12 SRC (silicon controlled rectifer) c6
nghia 12 dung cu chinh luu c6 thé diéu khién dugc ché tao bang vat liéu ban dén silic. Khac véi cdc
chuyén mach dién - co khi, ngoai dic diém c6 t6c do chuyén mach rat nhanh (t6c do dién ti) uu
diém ctia thyristor con & chd né 1a chuyén mach khong cé ti€p diém. Céc qud trinh xdy ra trong d6
hoan toan do ban chat vat 1y ciia qud trinh dén dién ndm trong vat liéu ban d4n, nén tranh dugc viéc
ddnh Itra trong khong khi trong thoi gian chuyén mach qua do clia céc tiép diém co khi. Bang cdch
diéu chinh gi4 tri clia thé Ug c6 thé diéu khién cho thyristor chuyén tir mot trang thdi nay sang trang
thai khac nhanh hay chdm hon véi cac th€ U,x khac nhau.

C6 thé gidi thich nguyén ly 1am viéc clia thyristor loai p-np-n trén hinh 4.50.c nhu sau:

Dit thyristor dudi dién dp mot chiéu duge phan cuc nhu hinh v&, tiic 12 anode duogc néi véi cuc
duong va kathode dugc ndi vé6i cuc &m ctia ngudn dién. Lic nay cdc ti€p gidp J, va J; duge phan cuc
thuan nhung tiép gidp J, dugc phan cuc nguge. Do vay gan nhu toan bo dién dp nguén dugc dit 1én
J,. Trong truong hop nay, dién trudng ngoai E. cling chiéu v6i huéng cia dién trudng ndi tai E; clia
16p ti€p gidp, tic 1a ¢6 chiéu hudng tir 16p n, sang p, va do d6 lam viing ngheo (cdch dién) cang
rong ra ngan khong cho dong dién chay qua thyristor. Thyristor & vao trang thai khod. Néu cho mot
xung duong tdc dong vao cuc diéu khién G thi s& 1am cho céc dién tir chay tr viing n, sang p,. Mot

s0 it cdc dién tl nay tdi hop vdi 16 trong tai mién p, tao thanh dong diéu khién I, con dai da s6 chiu
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stic hit clia dién trudng téng hop trén 16p tiép giap J, lao vao viing chuyén ti€p nay. Ching duoc
tang toc nén c¢6 dong nang 16n va cham véi cdc nguyén tu Si va tao nén nhitng dién tr tu do méi. S6
dién tlr nay lai tham gia vao qua trinh bin pha cdc nguyén tir Si va két qua ctia phan ting day chuyén
nay s€ lam xuét hién ngdy cang nhiéu dién tir chdy vao ving n, qua p, t6i cuc duong cia nguédn dién
ngoai gay nén hién tuong din dién thdc 1ii. Lép ti€p gidp J, chuyén sang thanh 16p din dién tir mot
diém nao dé xung quanh cuc G rdi lan ra toan bo 16p ti€p gidp véi téc do rat nhanh ¢& 1cm/100us.
Céc thyristor hién dai cho toc do tang dong md tir vai chuc dén hang ngan A/us. Thuc nghiém cho
thay dién trd cua thyristor khi con & trang thai khod c& hang MQ da tré thanh chi khoang phan tram
Q khi & trang thai md. Do dién tré nodi cta thyristor lic md rat nhd nhu vay nén trén dac trung V-A,
th€ U ,x lic m& chi ¢ hang von.

Mot khi thyristor d@ m& thi su hién dién cta tin hiéu diéu khién U, khong con tic dung nita.
Thyristor s& chi chuyén sang trang thai kho4 khi giam dong dién I, xudng dudi gia tri dong duy tri
I,; (hinh 4.51) hoadc dat mot dién 4p nguoc 1én thyristor. Khi dat dién dp nguoc, 16p ti€p gidp J, dugc
phan cuc thuan nhung hai 16p J; va J; s& duogc phan cuc nguoc. Nhitng dién tit trude thoi diém dao
cuc tinh clia nguén dang ¢6 mat tai cdc mién p;, n; va p, s& ddo chiéu hanh trinh va tao nén dong
dién ngugc chay qua kathode vé cuc am nguén dién. Lic ddu dong dién nay kha 16n nhung rdi sau
dé6 J, va J; tré nén cach dién. Chi con lai mot it dién ti bi gilt gitta hai 16p n; va p, s€ bi hién tugng
khuéch tan 1am it din di dén hét. Thoi gian khoa tinh tir khi bit ddu xuét hién dong dién ngugc cho
dén khi dong nay bang khong. D6 1a khoang thoi gian ma ngay sau d6 néu dit dién ap thuan lén
thyristor thi né ciing khong mé néu chua c6 th€ U, tdc dong. Do vay khong duoc dat thyristor dudi
dién 4p thuan khi né chua bi khod hoan toan dé tranh gay chap mach dién nguon. Thoi gian khod
clia céc thyristor thong thuong c& vai chuc ps.

Ciing c6 thé giai thich mot cach don gidn qud trinh chuyén rit nhanh chéng tir trang thdi khod
sang md cua thyristor nhu sau. Véi bon viing ban din dugc sip x&p nhu vay ¢6 thé coi thyristor nhu
1a 2 transistor khac loai dugc méc t6 hop v6i nhau nhu hinh 4.52.

Dic diém chinh cla t6 hop 1a & chd: 16i ra
cla transistor ndy lai dugc méc truc ti€p t6i 16i A
vao cua transistor kia. Néu goi hé s6 khuéch dai
dong cta hai transistor T, va T, trén hinh 14n lugt

la B, va 3, ta s& thdy néu c6 mot tic dong nao dé6 & P

lén cuc clra cha thyristor thi qud trinh bién doi

dong dién trong no s€ xay ra theo qud trinh thac

la. That vay, néu dong collector ctia T, tang 1én TK

Hinh 4.52. Coi Thyristor nhu 2 transistor
duoc mic t6 hop véi nhau.

mot lugng Al cling titc 1a dong base ctia T, tang
len mot luong Al,,. Diéu nay 1am dong collector
cta T, tang mot lugng Al, = BAl,, = Al,; (vi dong I, cling chinh 1a dong I,,;). Do vay su tang dong
base nay s€ dan téi lam tang dong collector ctua T, 1én mot gia tri méi 1a Al'., = g4l = B,5A4l, =

S,5Al ;. Nhu vay sau mot chu trinh phan tich, dong collector cua T, di tang 1én mot luong:
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AIC]

N, = 3,5, lan. Phan tich nhu vay cho két qua la sau n chu trinh, dong nay sé€ tang lén rat nhanh
Ci

chéng theo ham mil (53,/3,)" 1an. RS rang qud trinh nay cho phép thyristor chuyén trang thai tir khod
sang ma& rat nhanh.

4.5.2. Triac: giong nhu thyristor nhung cé I 4
dac diém 1a cho phép dong dién di qua theo ca 2
chiéu tlr anode sang kathode va tir kathode sang A
anode khi the |U | > |U.

m0,| . Ky hiéu cua triac va -

dic trung V-A ctia né duge chi ra trén hinh 4.53. ¢ ---s
Thyristor va Triac thuong duoc st dung trong
céc so do chinh luu cong suat ¢6 diéu khién dugc.

D6 1a cdc so d6 dung dé diéu khién toc do cac
dong co, diéu khién cudng do dnh sdng, cdc bo Hinh 4.53. Ky hiéu cla triac va

bién tan, nghich luu, v.v... trong cdc mdy dién. dac trung V-A ctia n6.

4.6. B khuéch dai thuat toan va cac so dé ing dung co ban

Bo khuéch dai thuat todn (KDTT) vé nguyén tic hoat dong ciing giong nhu bo khuéch dai
thong thudng nhung c6 khic 12 né ¢6 phdm chat rat cao béi cé hé s6 khuéch dai rat 16n (hang tram
ngan 14n), trd khang vao rit cao (dong do 16i vao chi ¢d pA) va trd khang ra thap, v.v... Do vay,
trong khi cdc thong s6 clia bo khuéch dai thong thudng phu thudc vao so do cu thé clia né thi nhu
s& duoc trinh bay & sau, cdc dic trung ctia bo KDTT chi phu thudc vao mach phan héi lip & bén
ngoai. Do thoi gian ddu, cac bo khuéch dai kiéu nay dugc st dung 1am cédc phan ti tinh toan trong
cdc mdy tinh analog nén tir d6 ma c6 tén goi 1a bo khuéch dai thudt todn (operational amplifier -
OPAM). Hién nay, dua trén cong nghé vi dién tlr, cic bo KDTT dugc ché tao, san xuét hét siic rong
rai v6i kich thuée nhd gon, gid thanh ré dudi dang cac vi mach tich hgp don khéi IC (integrated
circuits). Thudng thi chi can biét cac dac trung chli yéu clia bo mot KDTT Ia ¢6 thé thiét k& duoc
mot mach dién theo yéu cdu, nhung ciling ¢ trudng hop phai biét thém ca cau tric bén trong ctia bo
KDTT nita. Thiét k€ bén trong bo KDTT thudng bao gém cdc mach dién dugc lip trén céc
transistor véi ting tién khuéch dai vi sai, ting dém, tAng khuéch dai vi sai r6i tdng khuéch dai cong
suét ciing cdc mach phan héi nhim tang tinh 6n dinh va thuc hién mot s6 chic nang can thiét. Ngay
nay, bd KDTT dugc st dung trong réat nhiéu so d6 tng dung khéc nhau.

Hinh 4.54 1a ky hiéu ctia bo KDTT va so d6 tuong duong ciia mot bo KDTT 1y tudng.

+Vce +Vce

%
Up o—P 1, U J: soLo

U A(Up-U
oo N o U (Ur-Uy
o ; ”

(@) Voo ®)

Hinh 4.54. Ky hiéu (a) va so d6 tuong duong ctia bo KDTT 1y tudng (b).
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Bo KDTT ly tudng c6 hé s6 khuéch dai va tr& 16i vao 1a bang vo cling.

Do tang vao thuong 1a bo khuéch dai vi sai nén bd KDTT c6 2 16i vao va thudng c¢6 1 hoac 2
16i ra. L6i vao P goi 1a 167 vao thudn vi dién dp 16i ra dong pha véi dién dp 16i vao nay (U,) 6 tan s6
thap. Trén so do, 16i vao thuan dugc dénh dau "+". Loi vao N 1a 167 vao ddo vi dién dp 101 ra nguoc
pha véi dién dp 16i vao nay (U,) & tan s6 thap. Trén so do, 16i vao dao dugc danh dau "-".

Hiéu 2 dién ap 16i vao nay goi la dién dp vao vi sai: U, =U, -U,, .

Dién 4p nuoi bo KDTT thuong 1a dién 4p ludng cuc (thi du 5V, £15V) vi dé ddm bao cho né
hoat dong trong ca déi c4c tin hiéu duong va am so v6i diém chung (dat).

4.6.1. Cac dac trung ki thuat
1. Hé 56 khuéch dai vi sai, duoc dinh nghia nhu sau:

A
All/]m voi U, = const
4, =80u_ AU, 5% (4.63)
AU, AU,-U,) AU

—-—X  voi U, =const
AU,

Hé s6 nay c¢6 tri hitu han va & tan s6 thap né c6 gid tri trong khoang tir 10* dén 10°. Hé s6 nay
con dugc goi 1a hé s6" khuéch dai riéng hay hé so khuéch dai khong cé phdn hoi hay hé so” khuéch
dai mach hd ctiia bo KDTT.

Hinh 4.55 12 dac trung truyén dat mo ta su Un(V)
phu thuoc dién hinh giita dién 4p ra va dién 4p Uramax | - = == -

vao vi sai. Trong dai U, <U,, <U ... h& s6 ’

nay phu thudc hau nhu tuyén tinh vao Up,. Mién

ndy goi 1a mién khuéch dai. Hai mién con lai 1a o > Up (mV)
mién bdo hoa. Céc giéi han clia mién khuéch dai
ndm céch gid tri bien do dién d4p nguén nuodi cd
von va tuy thudc vao ting loai vi mach KDTT.
2. Thé 16 vao léch khong (thé offset) Hinh 4.55. Dic tuyén truyén dat ciia bo KDTT.

Dic tuyén truyén dat di qua diém "khong" (dudng lién nét) nhu trén hinh chi diing khi tang 16i
vao vi sai dugc ché tao hoan toan can xdng. Trong truong hgp nay, khi khong cé dién dp vao
Up = Uy = 0 ta s€ c6 cic dong 16i vao I, = I, = 0 va dong vao léch khong tinh 1, =1, -1, |=0.
Nhung trong thuc t€, do cong nghé ché tao cdc transistor vi sai 16i vao bo KDTT khong thé giong
nhau tuyét d6i nén dii cdc thé€ 16i vao bang khong thi hai dong 16i vao van khdc nhau. Két qua dan
t6i rdng, mac du the 16i vao vi sai Up = 0 thi ¢ 16i ra bo KDTT vén c6 mot thé U,, khac 0. N6i cach
khdc dac tuyén truyén dat thuc t€ bi dich di khoi diém khong nhu dudng cham chadm trén hinh 4.55.
Nhu vay, dé lam cho dién 4p ra bang khong thi can dat tGi 16i vao bo KDTT mot hiéu dién dp nao
dé nguogc dau va c6 gia tri bing U, nhu trén dac tinh truyén dat thuc t€ dé bu trir né. Pién dp nay goi
1a thé'vao léch khong hay thién dp khong U, (th€ offset). Thé offset thuong vao khoang mot vai mV
xudng duéi chuc pV tuy chit lugng IC va phu thudc vao cac nhan t6 nhu nhiét d6 moi trudng, thoi

gian gia hod linh kién, nguén nuoi, v.v... Thi du, vi mach thong dung pnA-741 ¢6 thé offset ¢ ImV
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va do troi thé offset theo nhiét do 1a ¢& 6 uV/1°C. Thuong céc vi mach KDTT dugc thiét k& san cac
ddu noi cho phép ngudi dung méc cac mach chinh thé offset dé diéu chinh thé ra bang khong.

3. H¢é s0 suy giam tin hiéu dong pha: Do bo KDTT khong hoan toan 1a 1y tudng nén nhu da

néi & trén, néu dat téi hai 16i vao cing mot tin

hiéu ¢6 do 16n va phan cuc nhu nhau, goi 12 UalV)
cac tin hiéu dong pha, thi 16i ra cling khong 10F U
hoan toan bing khong. Tdc 1a hé s6 khuéch
s AU,
dai tin hiéu dong pha Aj = AU, cling L o] — - Uye (V)
-10
khong hoan toan bing khong. Dic tuyén
truyén dat ctia dién dp ra theo tin hiéu vao ok

doéng pha trén hinh 4.56 cho thdy véi mot gid
tri dt 16n cha tin hiéu vio déng pha thé ra Hinh 4.56. bién 4p ra phu thudc vao tin hiéu déng pha
tang lén dang ké.

Nhu vay, tinh khong 1y tudéng ctia bo KDTT c6 thé duoc biéu thi bdi mot thong s6 goi 1a hé s6°

suy gidm tin hiéu dong pha dugc dinh nghia nhu sau:
A
=_D (4.64)
Ag
Hé s6 nay thuong ¢d tir 10* dén 10° tuy thuoc chat lugng vi mach KPTT.
Chi y rang khi stt dung khdi niém hé s6 khuéch dai tin hiéu dong pha nhu trén thi phai hiéu

chinh xdc hon hé s6 khuéch dai tin hiéu vi sai theo cong thitc sau: Ap = g
aUD U;=const
Nhu vay c6 thé nhan dugc biéu thic tdng quét véi dién dp ra bo KDTT:
AU, = WU AUp +6UJ AUg
aUD U;=Const G U, =const
hay: AU,, =ApAUp +AAUg (4.65)
y A A
Néu AU,, =0 thi G=-L= _AUg (4.66)
AG AUD U, ,=const

Y nghia clia biéu thic nay & chd: can phai dat dién 4p vao vi sai U, bing bao nhiéu dé bi trir
tin hiéu déng pha AU, & 16i vao. Thi du, mot bo KDTT ¢6 G = 10°, AU, =107V ; muén cho U,

bing 0 (hay khong déi) thi phai dua vio thé AU, = — AEG

=01uV.

Néu chii y t6i thé offset U, thi ¢6 thé viét thé 16i ra nhu sau:
U,q =Ap(Up —Uy)+ AgUg (4.67)

4. Tro khdng vao bo KDTT
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Céc bo KDTT thuc t€ ¢6 trd khang vao hitu han. Thuong phan biét trg khang vao déi véi tin
hiéu vi sai va trd khang vao doi véi tin hiéu dong pha. Hinh 4.57 cho khéi niém vé cac dong 16i vao
va cdc trd khdng vao tuong dng nay.

Vé6i cac bo KDTT dung transistor ludng cuc & 16i
vao, trd khang vao do6i véi tin hiéu vi sai r, & vai MQ
trong khi tré khdng vao doi véi tin hiéu dong pha rg rat
16n ¢& vai GQ. Dong tin hiéu vao dugc xac dinh bai cic

tr& khdng nay c6 tri s6 vao khoang vai nA trong khi

dong mot chiéu c6 gid tri 16n hon nhiéu chdy qua 16i vao
cia b0 KDTT. Dong vao lic khong c6 tin hiéu 1a Hinh 4.57. So dé tuong duong véi trd khdng
]‘4; -1 vao vi sai, déng pha va cdc dong vao.

Iva, con dong vao léch khong Ia

10=

Iy -1 ‘7‘ bai véi cdac bo KDTT c6 transistor 16i vao ludng cuc, dong vao ban dau cd tir 20

dén 200nA. Con doi véi cac bo KDTT c6 16i vao 1a transistor trudng, dong nay chi khoang vai nA.
5. Phdn hoi am trong so do KPTT

Xét mach KDTT c6 méc mach phan héi 4m véi hé s6 phan hdi £ bén ngoai nhu hinh 4.58. Goi

hé s6 khuéch dai cia mach khi ¢6 phan héi 1a A; ta c6 16i ra khi c¢6 phan héi am la béng:

Ura = AD (UV - ﬁUra ) FommmmTTTToTTmmmmmeeey f
| Up=U,-pU !
N f:_Um __ A ! U, o—15G) | A —o U,=AU,
Uy 1+fAp g, 1 : | |
Ap ; :
o 1 SRR :
ViApritlonnén: A, =— (4.68)
B Hinh 4.58. Phan hoi véi bo khuéch dai thuat todn.

Tur day rat ra két luan, hé s6 khuéch dai
ctia bo KDTT khi mic mach phan hdi chi duoc quyét dinh boi mach phéan héi (hé s6 ) ma khong
phu thuoc vao ban than bo KDTT. Chinh tinh chat quan trong nay sé dan t6i cdc so d6 ting dung
phong phi va thiét k& dé dang ctia bo KDTT khi coi n6 1a gan 1y tudng. Nhu phan sau s€ thay, néu
mach phan héi 12 mot phan dp dién trd thi ta s& c6 dugc mot bo khuéch dai tuyén tinh, né€u mach
phan hoi 1a cdc linh kién RC ta s& ¢c6 mot mach loc tn s6, n€u mach phan héi gébm cdc phan ti phi
tuyén thi ta s€ nhan dugc mot bo tao dang séng 16i ra tuan theo cdc ham s6 nhét dinh (bd tao ham),
v.v... Bo KDTT khi dugc méic cdc mach phan héi am hoac duong s& ¢6 céc tinh chét giong nhu ¢6 &
céc bo khuéch dai thong thudng. Thi du, phan héi am cho mot hé s6 khuéch dai nho di so véi hé s6
khuéch dai hd mach nhung lai 1am tang tinh 6n dinh cia mach va m& rong dai truyén, v.v...

6. Dadp ting tdn so ciia b6 KDTT

Thudong bo KDTT dugc ché tao cho nhiéu muc dich sit dung nén dé 6n dinh, ngudi ta thudng
thiét k& né c6 dap ting tin s6 gidng nhu clia mot bo loc tan thdp bac mot c6 tin so cit rit thap nhu
hinh 4.59.
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Heé s6 khuéch dai vi sai phiic c¢6 dang: Al

(dB) ‘
: A
A, =—2L (4.69) 100
1 +Ji 80 -
fC 60 —
Trong d6 A, la gid tri cia hé so 40
khuéch dai & dai tan s6 thap tuong ung véi 2 f (Hz)
dai thong & mitc 3 dB, f. [a tan s6 cit clia 0 l l I l l T
1 10 102 10° 10¢ 10° 10° 10

dai truyén.

Tan s6 cit f,. cia dai truyén qua khi Hinh 4.59. Dap ting tin s6 dién hinh ctia bo KDTT
khong ¢6 mach phan ho6i am rat thdp, chi khong ¢6 mach phan hoi.
c& 10 Hz. Ta hdy x4c dinh dai truyén khi c¢6 mach phan héi mic vao bo KDTT, tiic 1a x4c dinh tan

s cit f,; khi c6 phan hoi.

Nhu trén da cé A, = 1 A;A thay A, bing gia tri phu thudc tan s6, ta co:
+ Php

Ap
A I+ - 1/
Ag(f)=—"L—= e 1P 7 (4.70)
. . 5 .
1+BAp 1+P T I+j "
] +j7 ﬂ DfC
fe
Cho |A;(f)|= 5 A gy ta tinh dugc tin s6 cit khi c6 phan héi nhu sau:
1/
s = = F=BAxfc = fer 4.71)
1 +( f ]
BAp fe
R6 rang déi truyén qua khi c6 phan héi am (f;) 16n gap £A), 1an khi chua c6 phan héi (f,).
. 1 .
Vi Ap ~ E nén: Affer =Apfc = fr =const (4.72)
Keét qua trén cho thay tich ciia hé s& @B 4
khuéch dai nhdn vdi bé rong ddi truyén la .
mot s6 khong ddi fr. N6i cach khac, khi ™ T Machhd
80 |
mic mach phian héi véi bo KDTT néu ! o
. ; . . . 60 | Mach cé phan hoi
chon hé s6 khuéch dai dugc 1oi bao nhiéu © LA
thi lai bi thiét by nhiéu vé dai truyén qua. 20 ! | (o
1 ! z
Hinh 4.60 1a két qua ctia sy m& rong dai 0 e | L. —
tan 1am viéc ctia bo KDTT khi ¢6 mach ! L N O
Hinh 4.60. Su md rong dai tan lam viéc cuia bo

phan hoi. Ddp tng tidn s6 cua mach cé A
KDTT khi ¢6 phan hoi am.
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phéan héi dugc mo rong ra bao nhiéu 1an thi hé s6 khuéch dai lai giam xuéng mot lugng tuong tng.
4.6.2. CAu tao bén trong cia bo KDTT

Trong mot s6 trudng hop ngudi thiét k€ mach can biét cau tric bén trong ctia b KDTT can
dung. Phan nay chi trinh bay nhiing nét co ban nhat cua viéc thiét k& bén trong bo KDTT. Vi cic
thong s6 da néu & trén, mot bo KDTT can ¢ nhitng yéu ciu co ban sau:

- Dai tin mé rong t6i OHz dé cho phép khuéch dai tin hiéu xuéng dén mot chiéu.

- Dién dp lech khong cang nho cang tot.

- Do troi thé va dong lech khong theo nhiét do, dién dp ngudn, v.v... cang nhd cang tot.

- Tré khang vao cao, tré khang ra thap.

- Hé s6 khuéch dai 16n.

Muén c6 hé s6 khuéch dai cao phai ghép mot vai tang khuéch dai. Vi phai dam bao khuéch dai
mot chi€u nén phai sir dung ghép truc ti€p. Diu nay dan t6i phai ding cdc so d6 dich mic dién dp
gifta 16i ra clia ting nay va I6i vao ting sau. D giam do troi lech khong, cdc ting 16i vao thudng
phai str dung bo khuéch dai vi sai, cac ting con lai 1a khuéch dai khong doi xing dé c6 dién 4p 16i
ra khong d6i xiing so v6i dién 4p khong. Hé s6 khuéch dai tai mot diém clia so d6 giita phan d6i
xting va khong d6i xting can phai di 16n dé do troi dién 4p trén 16i ra di nho do su gia tang do troi
clia tAng vao gay nén.

Hinh 4.61 14 so d6 bén trong don gian nhat cia
mot bo KDTT. Dé diém lam viéc cha transistor T,
khong roi vao mién bao hoa khi khuéch dai tin hiéu
thi thé trén collector khi khong ¢6 tin hiéu phai bang
V*/2. Tri s6 thé€ 16i ra khi khong c6 tin hiéu phai
bang 0. Diode D c¢6 dién 4p 6n dinh bing V*/2 -
0,6V dam bao viéc dich mic dién dp. Néu tin hiéu
déng pha 16i vao bang khong thi khi lwa chon ding
cdc thong so cua so do, dién thé collector cua T, ¢
thé bién déi tr 0 dén V*. Dai bién d6i clia dién ap ra
bd khuéch dai khi d6 vao khoang £V*/2. Khi xuat

hién tin hiéu vao dong pha duong, dai bién dong cta dién dp ra gidm dén tri sO tuong ng vdi tin

Hinh 4.61. So d6 KDTT don gian nhat.

hiéu ndy trong mién am.

Hinh 4.62 1a so d6 nguyén ly da dugc don gian hod clia bo KDTT rat phd bién 1a loai pA-741.
Thuc su, bo KDTT pA-741 gébm 20 transistor va dién trd, tu dién duoc tich hop trén mot don tinh
thé ban dan va dugc déng vo véi 8 chan tin hiéu (vO gom, nhua hinh chit nhat hay vo kim loai hinh
tron nhu hinh 4.62.b. Tang vao 1a bo khuéch dai vi sai T, T,. Nguén dong T, giif vai trd 1a dién tro

génh cho T,. Transistor T; két hop véi T, tao thanh "guong dong dién". Do d6 dong ra cua ting vao
c6 thé dugc tinh bang: I = I, — I, . Nho tdng khuéch dai vi sai ndy ma cdc tin hiéu vao déng pha

va céc tin hiéu dong collector dong pha duogc suy gidm déng ké. Cac cuc emitter ctia T; va T, dugc
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din ra bén ngoai 2 chan 5 va 8 ctia vi mach. Ching duoc sit dung dé diéu chinh diém léch khong
béng viéc noi v6i 2 ddu chia mot bién trd, dau gilta bién trd duoc ndi xuéng ngudn -V Tang thi
hai cia bo KDTT gbém céc transistor T va T, ting ndy mic theo so d6 emitter chung va nguén
dong déng vai tro 1a tré gdnh. Tu Cy dung dé hiéu chinh dic tinh tin s6. Cac transistor T, va T 1a
tang 16i ra, duoc mac theo so d6 bo lap cuc phat kiéu bu v6i dong tinh nho, dau ddy kéo & ché do
AB.

+ +
+
I,= 300 pA
L= 20 pA 2 K
T7
Ck=30nF Y/
. Pl
| \
l/ c2 . VTs
| -«
Ik Te s
Ts T,
offset offset - *O e oftser 7 +vee
O |
1kQ 1kQ v Ejl:‘>_:| input 2 6 out
O ] input 3 5 offset
4 -Vcc
(2) (b)

Hinh 4.62. So d6 nguyén ly don gian hod cta pA-741.

Céc transistor ¢ tAng vao duoc thiét k& 1am viéc v6i dong collector ¢d 10uA. HO dan S lic nay
cd 0,4 mA/V. Hb din cia ca tang vi sai bang khoang mot nira miic nay. Trong so d6 thuc vi méi
transistor vao lai gom 2 transistor dong nhat mac noi ti€p nén tri s6 nay con giam di mot nira nita.
Nhung nho so d6 guong dong dién nén tri s6 d6 lai tang lén gap doi. N6i chung téng hd dan tang
vao ¢d 0,2 mA/V. Véi céc gid tri dong tinh da cho, tré khang ganh tuong duong cua mach dugc tinh
bing ¢d 2 MQ. Do d6 hé s6 khuéch dai cuia tAng vao c& bing 400. Hb dan tang khuéch dai ti€p theo
v6i dong 300 pA tuong ing véi gid tri 6 mA/V. Véi tré khang ganh ting ra 2 kQ ta ¢6 hé s6 khuéch
dai tdng nay cd 450. Vay hé s6 khuéch dai ctia toan bo KDTT 1a A, =400x450=18.10°.

Khi cin c6 dong do 16i vao nhd, tré khdang vao 16n ngudi ta thudng st dung céac bo KDTT cé
tang 16i vao bing cdc transistor truong. Hinh 4.63 12 so d6 don gian hoa cia bo KDTT LF-356 dung
céc transistor truong JFET & 16i vao. Hé s6 khuéch dai ctia vi mach nay ciing tuong duong véi vi
mach trudce.

Bang 4.1 dudi day cho céc thong s6 dién hinh ctia 2 bo KDTT thong dung: loai pA-741 st
dung transistor ludng cuc & ddu vao va loai LF-356 dung transistor truong JFET & ddu vao.
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1,=240pA

Un o—<—|—jT1__T2':-I->—ouP

Hinh 4.63. So d6 don gigln hoa cua vi mach LF-356.

Bang 4.1.
Théong s6 Ky hieu  pA-741 LF-356
Hé s6 khuéch dai vi sai Ap 10° 10°
Hé s6 suy gidm tin hiéu déng pha G 3.104 10°
Dai théng mach hd fo 10 Hz 50 Hz
Tich hé s8 khuéch dai - dai thong fr 1 MHz 5 MHz
Trd khang vi phan 16i vao I 106 Q 102 Q
Trd khang déng pha 16i vao Is 10°Q 10" Q
Dong vao khi khong cé tin hiéu Ivo 80 nA 30 nA
Thé offset U, 1mV 3mv
Do troi thé offset AUS°C  BuVIeC 5uV/°C
Hé s6 suy gidm su bién ddi dién ap nguén  AUy/AUce 15 pVIV 10 vV
Mién suy giam tin hiéu déng pha Ugmax +13V +15V, 12V
Mién khuéch dai dién &p ra U amax +13V +13V
Dong 16i ra cuc dai |ramax +20 mA +20 mA
Trd khang ra Ia 1kQ 50 Q
Dong tiéu thu lec 1,7 mA 5mA

4.6.3. Cac so do co ban diung phan héi am cua bo KPTT

Céc so d6 khuéch dai dung bo KDTT thuong ding mach phan hdi am vi v6i mach hé (khong
¢6 phan hoi) hodc phan hoéi duong, chi cAn mot dién dp vao chénh léch rat nhé ¢ mV da dan téi 161
ra roi vao mién bao hoa khong khuéch dai duoc. Trong mot s6 trudng hop dac biét, ngudi ta cling c6
dung phéan héi duong nhung lugng phan hdi am phai duoc thiét k& sao cho luon 16n hon luong phan
héi duong. Tuy thuoc vao dién dp can khuéch dai dugc dua tdi 16i vao thuan hay 16i vao dao ma ta
¢6 mot trong hai so d6 co ban: khuéch dai khong dao va khuéch dai dao.

1. So do khuéch dai khong ddo

So d6 co ban dugc chi ra trén hinh 4.64.a vé6i thé 16i ra cing pha véi th€ 161 vao. Hinh 4.64.b va
4.64.c 1a hai truong hop dac biét clia bo khuéch dai khong dao khi R; =oo. Liic nay ta c¢6 bo
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khuéch dai lap lai v6i phan héi am 100% va hé s6 khuéch dai the bang 1. Giong nhu bo khuéch dai
lap lai emitter cla transistor, so d6 nay c6 trd khdng vao rét cao, trd khang ra thap nén hay dugc

dung lam cdc tang dém phoi hop trd khdng gitta ting trudc cé trd ra cao va tang sau c6 trd vao thap.

} o e } o U, W —o U,
mv 1> _
(a)

R=0; R, =
(b) ()
Hinh 4.64. Bo khuéch dai khong dao.
e Ta hdy tinh hé s6 khuéch dai ctia so d6 trong trudng hop bo KDTT la 1y tudng.
Hé s6 phan héi & day bang: g = R
R, +R;
Do vay hé s6 khuéch dai ¢6 phan hoéi bang:
R +R R
;= LR 1+ (4.73)
IB RI Rl
Vé6i cic bo KDPTT thuc c6 thé tinh chinh x4c hon:
U, =ApUp-Uy)+AU; néuU,=0 thi U,=U,
Ura =ADUD +AGUV
thay Up =Uy, — pU,, tacé:
Ura = AD (UV _ﬂUm)_l_AGUV - Ura (1+IBAD )= UV (AD +AG)
1
I+—
U, Ap+A
Vay: Ap=—e-fp7%6_ G (4.74)
UV I+ ﬂAD i + ﬂ

Ap

Néu G >> 1 va A, >> 1 thi ta lai c6 két qua nhu truong hop vira tinh cho bo KDTT 1y tudng.

e D¢é x4c dinh tr khéng vao can thay thé so d6 nhu hinh 4.65. Nho ¢6 phan héi ma c6 mot
dién dp rat nho dat 1én tré khang vao vi sai rp:

Up = YUa _ Uy
Ap  PAp
Nhu vay la chi cé dong U, / A, 1, chay qua dién

trd nay. RO rang trd khang vi phan 16i vao nho ¢

phan hoi am ma da dugc tang 1én SA, 14n. Ta ¢ cong
thic véi téng trd vao:
AUy

Hinh 4.65. So d6 bo khuéch dai khong dao cé
ry =PAprp llrg =ig (4.75)
14

tinh dén tré khang vao.
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Ngay ca véi cac bo KDTT thong thuong diing transistor ludng cuc thi tré nay cling da vugt qua
10°Q nhung nhd ring day 1a trd doi véi tin hiéu xoay chiéu bién thién nho trong khi tri trung binh
ctia dong vao mot chiéu thi 16n hon nhiéu.

2. So' do khuéch dai ddo

So d6 co ban dugce chi ra trén hinh 4.66.a véi thé 16i ra nguoc pha véi thé 16i vao.

(b)
Hinh 4.66. So do khuéch dai c6 déo co ban (a) va so d6 bién d6i dong thanh thé (b).

Dé tinh hé so6 khuéch dai thé ta sir dung quy tic dugc phét biéu nhu sau: do ¢é phdn hoi dm;
voi do chinh xdc dii cao, trong mién khuéch dai tuyén tinh b6 KDTT ddm bdo bién thién sao cho
dién ap hai 161 vao U, va Uy, luén bang nhau. Trong so d6 nay 16i vao khong ddo dugc noi véi diém
khong, diém dat (U, = 0) nén theo quy tac trén gid tri cia Uy ciing luon béing 0 trong mién khuéch
dai mic du diém N khong duoc néi véi diém dat. Vi the diém N clia 16i vao ddo thudng duoc goi 1a
diém ddt do. Viét phuong trinh Kirchhoff cho diém nidt N trong trudng hop coi bo KDTT 1a Iy
tudng (dong vao bing 0):

u, U U R
v Ya_y Af:l:__f (4.76)
R, Ry Uy R,
Trong trudng hop bo KDTT la thuc, tri s6 Uy khéc khong va bang U, =-U,, / A, . Khi d6:
Ap=—"2L12D U=f)Ap 4.77)
: 1+ pA,

Khi SAp, >> 1 talai c6 gid tri hé s6 khuéch dai trong trudng hop 1y tudng. Nhu vay do sai léch
s0 v6i truong hop 1y tudng duge xdc dinh boi hé s6 SA,; .

Trd khdng vao cta so d6 khuéch dai dao c6 tri s6 gdn bang R,.

Hinh 4.66.b 12 trudng hop déc biét tng dung so d6 khuéch dai ddo dé bién déi dai lugng dong
dién & 16i vao thanh dai luong dién dp & 16i ra bo KDTT. Pay 1a mach phan héi am dién 4p - song
song. C6 thé tinh hé s6 truyén dat clia mach nhu sau:

ra

4.6.3. Cac bién phap bu léch khong cua bo KPTT

Khi ding bo KDTT dé khuéch dai cac tin hiéu mot chiéu ¢6 tri s6 nho thi phai tinh dén the vao
léch khong va hién tuong troi diém khong. Cic dong dién finh & hai 16i vao bo KDTT thudng gin
béng nhau va thudng dugec cho gid tri trung binh trong céc tai liéu ki thuat. Cac dong nay gay nén
sut 4p trén cac 16i vao. Do su khac nhau ctia céc dién trd 16i vao ma céc sut 4p nay ciing khac nhau

gay nén hiéu dién thé€ cla chdng 12 dién dp léch khong khac 0. Vi vay trong cdc so do thuc t&€ cin
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phai thiét k€ sao cho dién dp léch khong nay cang nho cang tét. Thi du, trong so d6 khuéch dai dao
& hinh 4.67.a, diém P cta 16i vao thuan khong dugc néi truc tiép xuong dat ma thudng duoc ndi qua
mot dién tré R, ¢6 gid tri dugc tinh sao cho bing gid tri dién trd vao trén 16i vao dao. Nghia 1a chon
R,R;
sao cho: Ry =R; /IRy = ———

la Iy(R, //R;) va I,(R, //R;) bing nhau.

. Lic nay dong tinh gay ra trén hai dau vao cdc sut 4p tuong ding

(b)
Hinh 4.67. Céc so do bu dién 4p 16i vao léch khong.

Ip +1y
2
Dién 4p lech khong con gay ra trén 16i ra bo KDTT mot sai s6. C6 thé tinh sai s6 nay dua vao

Trén 16i vao bo KDTT con ¢6 thém dién dp dong pha U, =1, (R 1 1TRy ) voi I, =

phuong trinh dong dién cho niit N.

uv,-t, U, -U Ry R
v=Yo Y=Y _, | Um:__fUVﬁL[]jL_f]UO
Tir d6 6 sai s6 dién dp léch khong béng:
Rf'
U, =|1+-L U, 4.79)
R,

R& rang h¢ s6 khuéch dai A; = R,/ R, cia mach cang 16n, sai s6 nay cang 1én.

Trong thyc t€ ngudi ta thudng dung cdc so d6 bu dién hinh nhu hinh 4.67.b va 4.67.c trong d6
viéc chinh gi4 tri clia bién trd R, cho phép bii chinh xéc thé 1éch khong. Cac so d6 nay khong nhiing
cho phép bu thé léch khong ma trong mot s6 trudng hop dic biét ¢ thé chinh dién 4p ra ban diu
dén mot gia tri can thiét khdc.

4.6.5. Cac so do mach iing dung bo KPTT

Nhu trén da néi, do tinh chét dic biét cia bo KDTT nén béng viéc mac cdc mach phan hdi am
khac nhau vao s€ cho ta cic mach dién tng dung khac nhau. Dué6i day trinh bay mot s6 mach tng
dung d6 v6i tinh todn coi bd KDTT 1a 1y tudng.

1. Mach ldy tong dai sé (cong / trix)

So d6 mach nhu trén hinh 4.68. St dung quy tac dong dién tai nit N ta c6 thé tinh dugc thé 16i

ra nhu sau.

Uv] +U\72 +“.+Uw1 +Uru
R, R, R, R,

n

=0
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U Rf U Rf U Rf U
= — +—U,, +...+—
ra R[ vl R2 v2 Rn vn

(4.80)
NéuchonR, =R, =..=R,=Rtacé:

Ry
U,, =?(Uv1 +U,, +...+U,,) (4.81)

2. Mach khuéch dai trir (so d6 vi sai)
So d6 mach khuéch dai trlir nhu hinh 4.69. Ta sé

chitng minh th& 16i ra U,, ty 1& vé6i hiéu cta hai th& 16i

vaoU,vaU,,.

Taco: U, =kU,; +kU,, véik, vak,lacéache

s6 khuéch dai riéng cua tiing tin hiéu vao.

Khi U,, = 0, tin hiéu U,, dugc khuéch dai theo

kiéu dao:

1+
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UmN = _aNle - k] =—OpN

Re/op

Re

Hinh 4.69. Mach khuéch dai trir.

Khi U,; = 0, tin hiéu U,, duoc khuéch dai theo kiéu khong dao vé6i hé so khuéch dai bang

3. Mach tich phdn

R . . .
NN hhung tin higu nay con bi qua bo phan 4p gom Ry/ap VA Ry nén:
N
R
UraP = UVZ —PR
Rp+-1
ap
5 a
Vay Ura = UraN + UruP = |: £ (1 + ay ):|(UVZ - UVI) (482)
I+ap
Trudng hop dac biétkhi ay =ap =a — U,, =a(U,, -U,,) (4.83)

C6 mot vai so d6 cho phép tin hiéu 16i ra ty 1 véi tich phan theo thdi gian cua tin hiéu vao.

- So d6 tich phan dao: nhu trinh bay trén hinh 4.70.a.

Uveo 0——3— u,

(a)

(b)
Hinh 4.70. Mach tich phan ddo va dac trung tan sé.



Phuong trinh cho dong dién tai nit N:

U du,
Iy+1-=0 hay —L+C—2=0
v YR dt
T
Tirdé cé: U =—4LJU'anﬁ=—4LjU'gnﬁ+U (t=0) (4.84)
ra RC v RC ! |4 ra

Trong d6: T 1a thoi gian 14y tich phan, U,,(r =0) 1a thé 16i ra tai thoi diém bat dau 14y tich
phan (diéu kién dau).

Dong va thé vao léch khong ciing nhu dong do tinh qua tu C dnh huéng ddng ké t6i 16i ra clia
mach tich phan. Khi chua 14y tich phan, dong va céc thang gidng 16i vao gay nén hién tugng troi thé
16i ra va trong thoi gian di 16n c6 thé léch dén tan thé ra cuc dai. Pé gidm anh hudng nay cé thé
tang gid tri ctia tu C, chon c6 vat liéu cach dién t6t, v.v.... Con giam dong tinh 16i vao bing k¥ thuat
so d6: khong néi truc tiép 16i vao thuan véi ddt ma néi qua mot bién trd R,. Diéu chinh chinh x4c
gid tri R, bang trd vao bén 16i vao dao (béng trd R// trd do qua C// trg vao bo KDTT = R).

D6 thi Bode dac tuyén tan s6 ctia bo tich phan dién hinh nhu hinh 4.70.b trong d6 hang s6 tich
phan 7=RC =100us. D6 la duong déc 20 dB/ decad véi hé sd khuéch dai cuc dai cia mach phan
héi ¢& 600 1an, nhu vay c6 thé dam bao do chinh x4c ctia phép tich phan dén 1/600 ~ 0,2%.

Thuong diéu kién dau duge chon bang 0. Trong trudng hgp d6, mach 14y tich phan dugc thiét
ké& thém vao cdc khod K, va K, nhu so d6 hinh 4.71.a. Khi chua 14y tich phan cdc khod & vi tri 1, thé
161 ra bang 0. Céc khoa duoc chuyén sang vi tri 2 khi bat ddu 14y tich phan. So dé nay trénh duoc
hién tugng tich phan (tich lu§) cdc dién dp thang gidng troi & 16i vao bd KDTT khi chua 14y tich
phan.

So d6 tich phan khong ddo dugc trinh bay trén hinh 4.71.b. Viét phuong trinh dong dién cho
diém nit P:

Uy ~Up Up-Up CdUp

=0
R R dt
PR Ura N A 2
Theo so do thi Uy :T vaUp=Upy nén: U, :EJ.UV(U‘# (4.85)
Thuc chat so d6 nay 12 mot mach tich phan RC duoc ghép v6i mot bo KDTT ¢6 phdm chat cao
01 Ry
K, ~
2 Ry

|
I U
U, —ol R (o]

ig K, N Un U R
0 v o—/—+—4+—1 _1+—

(a) (b)
Hinh 4.71. So d6 mach tich phan c6 khod dat lai (reset) va tich phan khong ddo.
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4. Mach vi phdn
So d6 mach vi phan dugc cho trén hinh 4.72.a. Viét phuong trinh dong dién cho nit N ta c6:

dB
A,
100 -----=--=--~ .
80 Y
60 T
U, 40 N
o 0 1127RC .
% — T Tt 1> fH)
-ZOM‘ 102 10° 10°  10° 10°
-40
(@) (b)
Hinh 4.72. So d6 mach vi phan va dac trung tan so.
1 U
Uy =g=—J'1Cdt nhung [, =—I = ——22
c C R
au
nén: U,, =—RC y V (4.86)
t

Dac trung bién do - tin s6 (d6 thi Bode) theo thang 16-ga-rit 12 mot dudng thang vé6i do doc
+20 dB trén mot decade.

5. Mach diéu khién PID: 12 mot mach hay duogc dung trong k¥ thuat diéu khién nhim tang
tinh 6n dinh ctia hé thong trong mot dai tin rong. L6i ra clia mach nay duoc thiét ké ty 1é véi 16i vao
v6i cdc hé s6 ty 1& (Propotional), tich phan (Integration) va vi phan (Diffrentiation) khac nhau. Hinh
4.73.a 1a mot trong nhitng so d6 mach PID.

R, 2 C,
f
W | |_N U,
C,
> log f
(a) (b)

Hinh 4.73. So d6 mach PID (a) va dac trung tan s6 ctia né (b).

Viét phuong trinh dong dién cho nit N:

U du
Y .c,—X

+1,=0
R, ?

Phuong trinh dién 4p trén nhanh ra:

1
U., =R, +—|Ldt
ra 242 CZJ.2

U du, U du
Tacé: U, =-| —2“+C;, — R, _ L Vi, —L |ar
R, dt C, '\ R,
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R, C
Hay ~U,, =| =2+, +LIUth+R2C, (4.87)
R1C2

Nhin vao biéu thic (4.87) ta thdy, & tin s6 thip @ << w, = s mach c6 tinh chat nhu mot
202

bo tich phan, & tdn s6 cao o >> @, =

mach c6 tinh chdt nhu mot bo vi phan, con trong dai tan
11

, < @ < w, mach giong bo khuéch dai thong thudng. Do vay dép ting tan s6 cua mach cé dang nhu
hinh 4.73.b.

6. Mach khuéch dai lo-ga-rit

Nho ¢6 viéc mic mot diode (hodc transistor) vao mach phan héi ctia bo KDTT ma so d6 mach
nhu hinh 4.74.a va 4.74.b cho phép dién 4p 16i ra ty 1& vé6i 16-ga-rit cua dién ap vao.

Ta biét ring dong chay qua diode /,, va dién dp dit 1én n6 U, c6 méi quan hé:

Ip =Ig(e"»'Ur —1)

Yy

D|_

u, U, Uy o—

(a) ®)
Hinh 4.74. So d6 mach khuéch dai 16-ga.

Trong d6 I 1a dong ban dau bing dong nguge va Uy ~ 25,5 mV & nhiét do phong goi 1a thé
nhiét. Néu I, >> I thi:

I
Ip =1’ hay Up =U; ln[l—D]

Nhung N la datdonén U,, =Uj ,taco:

U.. U,
%:—ID =—IgeU'Ur N U,,=-U; ln(ﬁj (4.88)

7. Mach doi l6-ga-rit (mach 18y ham e mii):
Do phép 14y e mii 1a phép ngugc ctia phép 1ay 16-ga nén trong so do trén ta chi viéc trdo vi tri
ctia diode hoac transistor va dién trd 1a ¢6 mach d6i 16-ga nhu hinh 4.75.a va 4.75.b.

R R

Yp

(@) )
Hinh 4.75. So d6 mach khuéch dai doi 16-ga.
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Ly luan tuong tu nhu trén ta sé c6:

U,, =Rl =Rige" 'V (4.89)

8. Cdc mach so sdanh tin hiéu tuong tu

Mach so sanh c¢6 nhiém vu so sinh mot dién 4p vao tuong tu U, v6i mot dién ap chuan U,
bién 4p ra ctia mach so sanh s€ & mic th€ thap hoac cao tuy vao mdi tuong quan giita dién 4p vao
va dién 4p chuén. Néu dung bo KDTT dé lap mach so sanh thi miic thap va cao ctia né chinh 1a mic
dién 4p 16i ra bdo hoa U,,,,;, VA U, e €40 2 mic dién dp nguon cung cap -V va +Vc.

- So sanh mot ngudng: can ci vao dic tuyén truyén dat chia bo KDTT, vé nguyén tic c6

thé dung n6 lam mot mach so sanh do chi mot chénh léch rat nho giita 2 the 16i vao U, va Uy (c&
mV) cling gay nén mot budc nhay ra ngoai viung khuéch dai tuyén tinh va t6i mot trong hai ngudng
U, amin 103C U, e - Hinh 4.76.2 12 b0 KDTT ding nhu mot bo so sdnh va dic tuyén truyén dat clia
né véi su sai khic gita U, va U, 16n.

Toc do chuyén mach ciia bo so sanh (tit U,,,,;, sang U,,,.. hoic nguoc lai) phu thudc vao viéc
céc transistor trong IC thodt ra khoi mién bdo hoa nhanh hay cham. T6c do nay goi la t6c do tiang

trudng va tuy thuoc vao cong nghé ché tao va duoc do bing don vi V/us.

U o—13 U,
Us o—— Uen Uy

Uramin

() (b)
Hinh 4.76. Bo KDTT nhu mot bo so sanh (a) va dac tuyén truyén dat (b).
- So sdnh hai nguong: cho phép thé€ 16i ra chi thi hai trudng hgp khi thé 16i vao 16n hon mot
miic dién 4p chudn hay bé hon mot mic dién dp chudn khdc. So d6 dién hinh ctia n6 cho trén hinh

4.77.
X, I

> U,
X, 4 i
1
1
| ' > U,
UmI H '
I > U,
UcI'M Uch2
(@ (b)

Hinh 4.77. B¢ so sanh hai ngudng (a) va dic tuyén truyén dat (b).
So d6 str dung 2 bo KDTT va mot mach 1ogic s6 AND. Mach s6 AND ¢6 chic nang: 16i ra chi
6 miic thé cao khi va chi khi c4 2 thé 16i vao & miic cao.
Ta c6 chic nang ctia toan mach nhu biéu thic sau: U,, & mic the cao khi U,,; <U, <U,,,

U,, 6 muc thé thap trong cac trudong hgp con lai.
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- Trigo smith: 12 mot bo so sanh c6 2 mitc chuyén mach khong tring nhau ma khac nhau
mot gia tri nao d6 goi 1a do tré. So d6 mot trigo Smith déo duge trinh bay nhu hinh 4.78.a trong dé
¢6 mot mach phan hdi duong qua phan dp R;, R,.

AU,
Uy U, U
R, .
UPz UP1 Uv
R Unor
(2) (b)
Hinh 4.78. Trigo Smith (a) va dic tuyén truyén dat (b).
Khi U, =U,,,., thi thé & diém P bing: U, =—9—U
R, +R,

Néu U, tién t6i U,,,, nhung vin nho hon thi thé U,, vin khong déi. Nhung khi U, >U,, thi thé
16i ra nhdy xuéng miic U,,,;,. Qué trinh nay x4y ra rat nhanh vi c6 phan héi duong. Thé tai diém P
ldc nay bang: U, = % camin

Néu mudn thé€ 16i ra trd v€ U, thi phai cho thé 16i vao giam xudng dén khi U, <U,,. Vay
nhu hinh 4.78.b ta thay c6 mot vong tré chuyén mach trong hé 1a:
Ry rame =Y

in)
ramin 4'93
R, (4.93)

AU, =Ug —Up, =
9. Mach diode Iy tudong va chinh luu nita chu ky chinh xdc
Mot diode thong thudng khong thé chinh luu chinh xdc dugc cdc séng c6 bién do nhd hon miic
thong cta diode (thi du, 1a 0,6 V véi diode Silic). Muén chinh Iuu dugc céc séng c6 bién do nho c&
mV phai ¢c6 mot diode 1y tudng c6 dic trung V-A di tuyén tinh hod nhu hinh 4.79.a, trong d6 miic
thong ctia diode (mutic ngudng) duge dich vé gan OV. Mach chinh luu chinh xdc dugc ding trong
cac may do luong, trong cic bo tich song. Dung bo KDTT két hgp v6i mot diode thong thuong co
thé cho mot so do tach séng ly tudng. Hay so sanh 2 mach: chinh Iuu nita chu ky thong thudng véi
1 diode (hinh 4.79.b) va chinh luu cé dung bo KDTT (hinh 4.79.c).

A
lo(V) Pac trung ly tudng

¢/ Unguang ~ OV ‘
Dac trung thuc Uy Una| | Rr

Ungudng = 0,6(V)

7 »Un(V)
(@) (b) ©)

Hinh 4.79. Dic trung V-A cta diode 1y tudng (a), mach chinh luu diode thudng (b)
va mach chinh luu chinh xdc véi so d6 diode 1y tudng (c).
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V6i mach chinh luu thudng (hinh 4.79.a) ta ¢6: U, =U,-U,, th€ U,, phai 16n hon mic

ngudng 1a muc thong cta diode khi dugc phan cuc thuan Uy, (thi du, 0,6V) thi U,, m&i 16n hon 0.
Véi mach hinh 4.79.c,tacé: Uy, =Up, +U,, =Ap(Uy -U,,)

- U, =Uy,-Up /Ap 4.91)

RO rang véi so d6 diode 1y tudng, mic ngudng giam di A, 14n. Vi hé s6 khuéch dai cta bo

KDTT rat 16n (hang tram ngan 14n) nén miic nay c6 thé gidm xudng dén mV va do d6 so dé cho

phép chinh luu (tich séng) céc tin hiéu vao nho t6i mV chi khong phai trén 600 mV nhu binh

thuong. So d6 hinh 4.80.a 1a mach chinh luu nira chu ky chinh xac kiéu dao. Hinh 4.80.b. Ia so d6
chinh luu chinh xac kiéu khong déo.

R, Rz
—
D. D, D D.
o
R, Ura R, Uia
o—/———H+ -E:I—
Uy
Uy
(a) (b)

Hinh 4.80. So d6 chinh luu chinh x4c kiéu dao (a) va khong dao (b).
- Khi tin hiéu vao am, U, < 0 thi diode D, thong, D, cdm, ta co:
R,
"Ry
Theo so do ta thay dién dp 16i vao dao cua bo KDTT la:

U -U

ra —

R R U
UN _ UV 2 + Ura 1 _¥YDtl _
R, +R, R, +R, Ap

Trong d6 U, 1a dién ap thuan cua diode D, khi thong bao hoa.

R R, +R
Do d6: U. = UV_2+@(LJ

ra = "

R, Ap R,
. .3 9 9 N , S N R] .
Chu y rang hé s6 phan hoi cua mach lic nay bang f =———— tacé:
R, +R,
R, U
U, =-U,~2+221L (4.92)
R, pAp

Diéu nay néi 1én rang & 16i ra, dién ap thong cia diode da giam di BA, 14n 1am cho dic tuyén
truyén dat gan véi dang 1y tudng hon.

_U’;’Zzo

- Khi tin hiéu vao duong, U, > 0, diode D, thong, D, cdm. Do dé U,, = a1
D

Hinh 4.81 14 so d6 mach chinh luu 2 ntra chu ky chinh xédc va dic tuyén truyén dat ctia né. Day
con goi 1a bo tao gia tri tuyét d6i cua tin hiéu vao.
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o Uy

(b)
Hinh 4.81. Mach chinh luu 2 nira chu ky chinh xac (a) va dac tuyén truyén dat (b).

Khi dién dp vao duong, dong vao chay qua R;, diode D,, dién trd tai, diode D, roi t6i dau ra bo
KDTT va vé dit. Khi dién 4p vao am thi dong vao chay tir ddu ra bo KDTT, qua D,, qua tai, dén D,
qua R; trd vé dau vao. Nhu vay dong chdy qua tai la: 1, =U, /R,.

10. Mach tdch song dinh

Hinh 4.82.a 1a mach chinh luu gid tri dinh (mach tdch séng dién dp dinh). Mach nay cé chic
nang ndy luon cho thé 16i ra bang gia tri dinh cta thé vao bién déi theo thoi gian.

Uy ©

Hinh 4.82. Mz;?})l tach séng dinh (a) va tin hiéu vao, ra theo th(\ji(gan (b).

Khi U, > U, thi diode D thong va dong ra cta bo khuéch dai A, nap cho tu C t6i khi U, = U,
dinh. Néu sau d6 U, giam thi diode D cdm, tu C phéng dién qua dién tré ngugc cta diode va trd 16i
vao clia bo khuéch dai A,. Vi dién trd nguoc cta diode ciing nhu trd vao cia A, 1a mach khuéch dai
lap lai c6 gid tri rat 16n nén dién dp trén C hdu nhu khong suy gidm mic du dién dp vao giam. Két
qua ta c6 d6 thi thoi gian cla dién 4p ra theo dién dp vao nhu hinh 4.82.b. Khoé K trong so do dé
ngin mach tu C, tao dudng xa hét dién trén tu khi cin do cdc gid tri méi.

11. Cdc mach loc tich cuc dung bo KDTT

C6 nhiéu loai mach loc dugc phan biét theo dai thong tdn Af trén dic trung tin s6 nhu minh
hoa trén hinh 4.83: mach loc thong thap (a), loc thong cao (b), loc thong dai (c¢) va loc chan dai (d).

A K/Kmax

o7 [e—Af —>

(a) (b) (c) (d)
Hinh 4.83. Phan loai cdc mach loc theo dai thong.
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Céc mach loc & tdn s6 cao hay dugc thi€t k€ bing cdc phan tir thu dong RLC. Tuy nhién & tan
s0 thép thi viéc thiét k€ nhu vay gip phai khé khin do céc gid tri dién cam can phai qué 16n cling
nhu hé s6 pham chat ctia mach loc trong dai tan nay rat thap. Cdc bo loc thu dong khong thé c6
duoc mot do doc 16n (gan vuodng goc) tai viing tan so cit nhu ddp ting 1y tudng. Vi vay hién nay hay
st dung phén ti tich cuc 12 bo KDTT két hop vdi cdc phan tir RC d€ tao nén cac mach loc tich cuc.
Ham truyén dat ciia mot bo loc thong thap bat ky thudng dugc biéu dién nhu sau:

K
K(P)= 0 : (4.93)
(7 +a,P +b,P? )
Trong d6 : PELZEZMZJQ
a)(‘ a)(,' fC

K, 12 hé s6 truyén dat & tan s6 thap;
a; va b; 1a nhiing s6 thuc duong.

Bac ctia bo loc dugc quyét dinh bsi s6 mii 16n nhat chia P trong biéu thic, né 4nh hudng dén do
doc cha bo loc quanh tan s6 cat. Dang dép tGng tan s6 xung quanh tan s6 giGi han va dai thong tan
con dugc xac dinh bdi loai bo loc. P6 1a cac loai bo loc Tschebyscheff, bo loc Bessel va bo loc
Butterworth. Dac tinh cua cidc mach loc thong thap cta ching dugc minh hoa trén hinh 4.84, trong
d6 thang tan s6 duoc chudn theo tan s6 cit (tdn s6 cat Q = 1).

Bo loc Butterworth (duong a) c6 d4p ting phang trong viing truyén qua nhung dac trung pha lai
khong t6t, dap ting bién do c6 dang:

®

1
K

—— (4.94)
VI+(F I fe )

Trong d6 n 12 bac ciia bo loc va £, 1a tin s6 cit. Bac bo loc xdc dinh do doc cta dic tuyén & tin

SO f>f..

_ \/a c
© RUAN
LA

0,01 0,03 0,1 03 1 3 10 30

DV

Hinh 4.84. Ddp tng tan s6 cta 3 loai bo loc thong thap bac 4.
Bo loc Tschebyscheff (dudng b) c6 do doc & viing tin s6 cit cao hon nhung lai map mo & ving
truyén qua. Ddp ting bién do clia n6 c6 dang:
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*

K 1

_ (4.95)

Jl+ec (f /1)

Trong d6 ¢ 1a hing s6 quyét dinh do map mo tai vung truyén qua va C, 1a cdc hé s6 cua da thiic

Tschebyscheff bac n. Giong nhu trén, bo loc nay cling ¢6 dap ting pha khong t6t 1am.

Bo loc Bessel (duong ¢) c6 dédp tng bién do khong t6t biang hai bo loc trén, nd giam déu tir
viing truyén qua dén viing chin nhung lai ¢6 ddp ting pha rat tot.

Duéi day 1a mot vai so d6 mach loc tich cuc don gian.

e Bo loc tich cuc thong thdp va thong cao bdc mot.

Ham truyén dat ctia bo loc thong thap bac 1 trong trudng hop téng quét c¢6 dang:

K
K(P)=—""—
®) 1+aP

Nhu da biét, mot mach thu dong RC 16i ra trén C cho ta mot mach loc thong thap don gian véi
hé s6 truyén dat: K(P) = 1/(14pRC) = 1/(1+®wcRCP). Néu b6 sung cho né mot bo KDTT c¢6 nhiém
vu bién ddi trd khang va khuéch dai tin hiéu nhu so d6 hinh 4.85.a ta s& c6 mot mach loc tich cuc
thong thap bac mot, trong d6 hé s6 truyén dat tin hiéu mot chiéu K, = 1 + R,/R;.

R o
- U |

w L ]

C, R: R,
R, Ura
Uy —0

Rs

(@ (b)
Hinh 4.85. So d6 mach loc thong thap bac 1.
Mach 6 hinh 4.85.b st dung mach RC 1am vong phan héi cho bo KDTT. Ham truyén dat cla
né dugce tinh ¢6 dang:
R,/R,

K(P)=—-—2 L _
1+@,R,CP

(4.96)

Thudng ngudi ta cho trudc tin s6 cit o, hé so truyén dat & mot chiéu K, va C,, tinh dugc:
R,=a,/274.C, va R =-R,/K,
Dé ¢6 so do bo loc thong cao bac 1, chi can thay hé s6 P trong biéu thiic (4.99) biang 1/P. Do
d6 chi can trdo vi tri ctia C, va R, trong so d6 4.85 1a dugc. So do loc thong cao bac 1 ¢é dao nhu
hinh 4.86.

Ham truyén dat ctia so d6 nay c6 dang: R
Cy R1
K(P)= e’ 497)  u,o— U
1+ —
o,RC, P
Tinh dugc cdc tri so linh kién: R; = 1/2xf.a,C, Hinh 4.86. So d6 loc thong cao bac 1
va R2 = _R[Koo ¢6 dao.
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o Cdc bo loc tich cuc thong thdp va thong cao bdc cao
V6i bo loc thong thap bac 2 ta ¢6 ham truyén dat tong quat:
K(P)= Lz
I+a;P+b,P

Hinh 4.87 1a moét so d6 ctia bo loc tich cuc thong
thap bac 2 ¢6 phan héi am dung bo KDTT.

Ham truyén dat ctia n6é dugc tinh ra nhu sau:

U\/ Ura
—O
K(P) - _ R2 /R] C.
R2R3 2 2 I
I1+w0,C)| R, +R; + P +w.C,C,R,R;P
R, Hinh 4.87. B0 loc tich cuc
(4.98) thong thap bac 2.

Giong nhu bo loc bac 1, dé thuc hién bo loc thong cao bac 2 ¢6 thé dung tit ca cac so do loc
thong thap véi diéu kién ddi ché vi tri cha R va C.
Hinh 4.88 14 so d6 mot bo loc thong cao bac 2 ¢6 mach phan hdi duong. Ham truyén dat cua
né c6 dang:
a
]+R2(C,+C2)+R,C2(1—a)i+ 1 1
R,R,C,C50, P R,R,C,C,w* P?

K(P)= (4.99)

Néu dic tinh bién do cua bd loc bac 2
con chua du doc thi c6 thé xay dung céc bo Rz[j 1

loc ¢6 bac cao hon. Muén thé phai méic néi G
Uy

ti€p cdc mit loc bac 1 hodc bac 2 véi nhau.
Dic tinh cta toan bo loc sé€ la tich cic dac
tinh cha cdc mét loc thanh phin. Tuy nhién
lic nay bac cua bo loc khong phai 1a tich cac Rs

bac thanh phin va tin s6 cit ciing s& khéc. Do

d6 vé nguyeén tic phai cho cdc hé s6 cua cdc Hinh 4.88. B0 loc tich cuc thong cao bac 2.
mit loc sao cho két qua nhan cdc dic tinh tin s6 cla chiing s& cho mot loai bo loc mong mudn.
Viéc sip xép thit tu cdc mit loc tuy thudc vao trd ganh clia timg mat (mét loc ¢6 tan so cit nho nhat
duogc chon 12 mit thit nhat), tuy thudc vio mitc tap am clia bo loc (mét loc ¢6 tan s& cit nhod nhat lai
nén dugc dat & khau cudi cliing), v.v...

e Bo loc tich cuc thong ddi

Néu mic mot mit loc thong thap va mot " é > c
mit loc thong cao, ta ¢6 thé nhan dugc mot bo c 1 E{_ E m Usa
loc thong dai. Xét mot bo loc thong dai bac 2 I Rla
duoc thiét k€ tir viec mic lién ti€p 2 mit loc
thong thap va thong cao bac 1 nhu so d6 hinh Hinh 4.89. Bo loc thong déi bac 2.

4.89.
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Dép tng tan s6 cha né 1a tich ddp ting cua 2 khau loc riéng r&. Két qua ta ¢c6 ham truyén dat
nhu sau:

1 1 R
K(P)= - - apRC - (4.100)
1+(1/apRC) 1+(pRC /@) 1+ [(I+a)’ /a]pRC +(pRC)
Néu goi w, =1/RC la tan s6 cong hudng ta c6 dang ham truyén dat dugc chuén hoa:
K(P)= aP 5 (4.101)
I+[(I+af/a]P+P
Hé s6 pham chat ctia bo loc 1a: Q = 5 Véi =1, Q dat cyc dai va bang 0,5. Pé ¢6 pham
1+a

chét 16n hon phéi thuc hién bdi cdc mach dic biét. Hinh 4.90 1a mach loc thong dai ¢6 phan héi am
phtc tap.

Hinh 4.90. Bo loc thong dai ¢6 phan hoi am.
Ham truyén dat ctia n6 c6 dang:

K(P)=——p— 18 PR R (4.102)
1+ 753 Co P+ 1525 Ol PP
R, + Ry R, +R;
Tén sO cong hudng clia bo loc 1a:
1 R, +R
fr=— "1 (4.103)
27C \ R, R,R;

KA 1 I |Ry(R; +R;3)
H¢ so pham chat: Q = — | ———— = 7R, (Y, (4.104)

Dai thong cua bo loc 1a:

S
0 mR,C

(4.105)

e Bo loc tich cuc chdn ddi.

Dé chian mot dai tan s6 ndo d6 ta phai cdn mot bo loc c6 hé s6 truyén dat & mot tan s6 ndo d6
bing 0 con & cdc ving tin s6 thdp hon va cao hon, hé so truyén dat s& ting dén mot gid tri khong
déi nao d6. Mach loc thu dong cau chit T kép (hinh 4.91.a) c6 dac tinh bién do - tan s6 K(€Q) va pha
- tAn s6 @(Q) nhu hinh 4.91.b. Tai tin s6 cong hudng (Q = 1) hé s6 truyén bing 0 va cé pha béng
+90°. Két hgp véi bo KDTT cho ta mot mach loc chan dai tich cuc nhu so d6 hinh 4.91.c.
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0,5R

C C Y
> U
o
| A o R R
R R 90T (k-DR;
ZCI 0,5R L Izc
1 S
1
j1 o R,
(@) -90°k '

(b) (©)
Hinh 4.91. Mach loc tich cuc chan dai st dung céu chit T kép.

Cic tin hiéu c6 tan s6 xa tin s6 cong hudng chay qua ciu chit T kép khong bi thay déi va bang
kU,. Tai tan s6 cong hudng f, =1/(2zRC)dién é&p ra bang khong. Lic nay cdu chit T kép tuong
duong véi trd R/2 néi dat. Ham truyén dat ctia bo loc ¢6 dang:

2
K(p) = KI+P?) 2
1+2(2—-k)P+P

(4.106)

1
2(2-k)

Viéc diéu chinh dién trd sao cho dat t6i wu ca gid tri tAn s6 cong hudng va hé sd truyén dat clia

Hé s6 pham chat ctia mach Ia: 0= (4.107)

bd loc cau chit T kép 1a khé khan. Do vay ngudi ta con st dung mach loc dung cdu Vién (hinh
4.92.a) lam mach phan héi cho bo KDTT. Dic trung tin s6 clia cAu Vién ciing giong nhu cdu chit T
kép. So d6 mach loc tich cuc chin dai dung cdu Vién nhu hinh 4.92.b. Gid tri do pham chat ctia by
loc nay khong hon gi cau chit T kép nhung dé diéu chinh hon.

Ham truyén dat ctia n6 c6 dang:

2
K(P)=— [BI(I+a)](l+P )2 (4.108)
1+[3/(a+1)/P]+P
< 1
Tan s6 cong huodng la: o= 4.109
ong huong [ 2R,C ( )
. < A e ia » I+«
Hg so truyén dat K, =—] va hé s6 pham chat Q = (4.110)
+a
Ri/a
Uy
R 2R
o
Ura Ura
I, L
R cI Ri (DR

(@) (b)
Hinh 4.92. Bo loc chan dai tich cuc dung cau Vién.
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CHUONG 5

CAC MACH TAO DAO PONG PIEN

5.1. CAC KHAI NIEM CHUNG VE MACH TAO DAO PONG

MACH DIEN TUDE TAO RA PIEN AP XOAY CHIEU CO DANG THEO YEU CAU THi
PUOC GOI LA MACH DAO PONG PIEN TU (HAY LA MACH TAO SONG). MACH TAO DAO
PONG CO THE TAO RA DAO PONG CO DANG PIEU HOA (DAO PONG HINH SIN) HAY
CAC DAO PONG CO DANG KHAC SIN NHU: XUNG CHU NHAT, XUNG TAM GIAC,
XUNG RANG CUA HOAC TAO TUNG XUNG PON RIENG BIET.

CAC MACH DAO PONG PIEU HOA THUONG PUGC DUNG TRONG CAC HE THONG
THONG TIN, TRONG CAC MAY PO, TRONG MAY KIEM TRA, TRONG CAC THIET BI Y
TE V.V... CAC MACH DAO PONG PIEU HOA CO THE LAM VIEC TOT TRONG DAI TAN
TUVAI HZ CHO PEN HANG NGHIN MHZ.

PE TAO DAO PONG, CO THE DUNG CAC PHAN TU TICH CUC NHU: DEN DPIEN TU,
TRANSISTOR LUGNG CUC (BJT), TRANSISTOR TRUONG (FET), CAC BO KHUECH DAI
THUAT TOAN HOAC CAC PHAN TUDAC BIET NHU: DIODE TUNEL, DIODE GUNN.

CAC DEN PIEN TU CHAN KHONG VAN CON PUGC DUNG KHI YEU CAU CONG
SUAT RA LOGN. MACH TAO DAO PONG DUNG PEN PIEN TU €O THE LAM VIEC TU
PHAM VI TAN SO RAT THAP DEN PHAM VI TAN SO RAT CAO.

G PHAM VI TAN SO THAP VA TRUNG BINH THUONG DUNG KHUECH DAI THUAT
TOAN, CON G PHAM VI TAN SO CAO VA RAT CAO THI DUNG TRANSISTOR LUGNG
CUC VA TRANSISTOR TRUONG HOAC CAC LOAI DIODE DAC BIET.

CAC THAM SO CO BAN CUA MACH TAO DAO PONG GOM: TAN SO CUA TIN HIEU
RA, BIEN DO DIEN AP RA, PO ON DINH TAN SO, CONG SUAT RA VA HIEU SUAT.

CO THE TAO DAO PONG DBIEU HOA THEO 2 NGUYEN TAC CO BAN SAU:

- TAO DAO PONG BANG BO KHUECH DAI CO HOI TIEP DUGNG.
- TAO DAO PONG BANG PHUONG PHAP TONG HOP MACH.

CAC MACH TAO XUNG THUONG PUOC DUNG TRONG CAC THIET BI PO LUONG,

KIEM TRA HOAC BUJC DUNG TRONG TRUYEN THONG SO.

5.2. NGUYEN TAC TAO CAC DAO PONG DPIEN TU
PE XET NGUYEN TAC TAO CAC DAO PONG DIEN DUNG SO PO KHOI HINH 5.1,
TRONG PO KHOI (1) LA KHOI KHUECH PAI €O HE SO KHUECH DAI K = K.el?* VA
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KHOI (2) LA KHOI HOI TIEP CO HE SO TRUYEN DAT (HAY HE SO HOI TIEP)
B=pe".

Vi MACH KHUECH PAI VA MACH HOI TIEP PEU GOM CAC PHAN TU DIEN
KHANG NEN HE SO TRUYEN DAT CUA CHUNG LA MOT PAI LUGNG PHUC.

O DAY : K LA MO-DUN CUA HE SO KHUECH DAI (PO LON CUA HE SO KHUECH
DAI).

¢ LA bO DI PHA CUA BO KHUECH DAI (GOC LECH PHA CUA TIN HIEU & LOI
RA SO VOI TIN HIEU 6 LOI VAO CUA BO KHUECH DAI).

B LA MO-BUN CUA HE SO HOI TIEP (PO LON CUA HE SO HOI TIEP).

¢, LA DO DI PHA CUA BO HOI TIEP, LA GOC LECH PHA CUA TIN HIEU O LOI RA
VA LOI VAO CUA BO HOI TIEP.

PE XAC PINH XEM SO PO VOl [ 77777777 777TTTmTmmmmommemes L

A A~ . , P | b
MACH HOI TIEP KIN CO TAO RA TIN 1 O X @ 'a,
A 2 A at * * *
HIEU XOAY CHIEU HAY KHONG TA . X 8 .
MAC MOT DIEN TRO R, VAO LOI RA f Runt B )j‘

CUA MACH HOI TIEP CUA BO TAO DAO e
PONG HO MACH CO TRI SO BANG pIEN HINH 5.1, SO DO KHOI CUA MACH TAO DAO
TRG LOI VAO CUA MACH KHUECH DAL PONG THEO NGUYEN TAC HOI TIEP.

PIEN TRO Ry, LA DIEN TRG LOI VAO CUA BO HOI TIEP.

NEU DAT TGI LOI VAO CUA MACH KHUECH DAI MOT TIN HIEU X, VA GIA
THIET K4 =1 THI:

X, = X fp=X,KB=X, .

O DAY X, LA TIN HIEU 6 LOI RA CUA MACH KHUECH DAL, X,, LA TIN HIEU
LOI RA CUA MACH HOI TIEP.

TIN HIEU VAO CUA MACH KHUECH DAI X, VA TIN HIEU RA CUA MACH HOI
TIEP X,, BANG NHAU CA VE BIEN DO VA PHA NEN CO THE NOI A VA A’ VOI NHAU,

NGAT TIN HIEU PUA TOI LOI VAO CUA MACH KHUECH DAL, TiN HIEU RA VAN
KHONG POL.

LUC NAY TA CO SO PO CUA MACH TAO DAO PONG THEO NGUYEN TAC HOI
TIEP.

TRONG SO PO NAY CHI DUY TRI DAO BPONG MA TAN SO CUA NO THOA MAN
PIEU KIEN SAU:
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KB=1 (5.1)
Vi K VA £ PEU LA SO PHUC, NEN (5.1) CO THE VIET LAI NHUSAU:
KB =K. B ") =] (5.2)
CO THE TACH BIEU THUC (5.2) THANH HAI BIEU THUC: MOT BIEU THUC VIET
THEO MO-PUN VA MOT BIEU THUC VIET THEO PHA.
KB =1
(5.3A) ]
p=pk +z=2nn VOIN =0, £1, +2...
(5.3B)
@ LA TONG PO DICH PHA CUA MACH KHUECH PAI VA MACH HOI TIEP.
QUAN HE (5.3A) PUGC GOI LA DPIEU KIEN CAN BANG BIEN PO. NO CHO THAY
MACH CHI CO THE TAO RA DAO PONG DUY TRI KHI MACH KHUECH DPAI CO HE SO
KHUECH PAI BU BUGC SU TON HAO DO MACH HOI TIEP GAY RA. QUAN HE (5.3B)

PUGC GOI LA PIEU KIEN CAN BANG PHA,
CHO THAY DAO PONG CHI CO THE PHAT + U, Ry
SINH KHI TiN HIEU HOI TIEP VE PONG | — 1 i
PHA VOI TIN HIEU VAO (HOI TIEP Ra C L ' O
DUONG).
PE MINH HOA TA XET MACH TAO o I
DAO DONG TREN HINH 5.2.

HINH 5.2. SO DO NGUYEN LY CUA MACH
TAO DAO DONG THEO NGUYEN TAC HOI
TIEP.

BO KHUECH PAI DUNG KHUECH DAI
THUAT TOAN MAC THEO SO bO KHUECH
DAI THUAN CO HE SO KHUECH DAL

K=1+ I;—Z. VI TRG KHANG RA CUA BO KHUECH DAI NHO, NEN TRONG MACH RA
1

MAC THEM DIEN TRG R PE GIAM ANH HUONG CUA TRO KHANG RA PEN TRO
KHANG CUA KHUNG CONG HUONG LC.

DIEN AP HOI TIEP VE BO KHUECH DAL

M
Um:fU/ =pU, (5.4
M LA HE SO HO CAM CUA CAC CUON DAY; L LA BIEN CAM CUA KHUNG

DAO PONG.
DIEN AP RA CUA BO KHUECH PAT:
U, =KU,, (5.5)
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DE XAC DINH DIEN AP RA, VIET PHUONG TRINH DONG DIEN TAINUT 1:
U, -U, _dU

—C—’—ijU,dzzo (5.6)
R dr L

THAY (5.4) VA (5.5) VAO (5.6) VA BIEN DOI TA BUOC (5.7).
d*U, 1-KpadU, L

— U, =0 5.7
dr? RC dr LC ' 7
DE DON GIAN, DAT:
1-K 1
_1=K5 0} = —
2RC LC
KHI DO (5.7) PUOC VIET LAI NHU SAU:
d’u, d
Y, +2ai+w§.u,. =0 (5.8)
dr? dt

NGHIEM CUA PHUONG TRINH VI PHAN (5.8) NHU SAU:

U, =U, e cos\o, —a’t (5.9)

TUNGHIEM (5.9) CO THE PHAN BIET BA TRUONG HOP DAC TRUNG:

l. @ >0, NGHIA LA KB <1, BIEN PO PIEN AP RA GIAM DAN THEO QUY LUAT
HAM MU, MACH CO DAO PONG TAT DAN.

2. a=0, NGHIA LA KB =1, PIEN AP RA LA DIEN AP HINH SIN CO TAN SO
, =—— VA BIEN PO KHONG DOL

LC

3. a<0, NGHIA LA KB >1, BIEN BO DIEN AP RA TANG DAN THEO QUY LUAT
HAM MU.

TU CAC TRUONG HOP TREN DAY, CO THE RUT RA KET LUAN, BE CO DAO PONG
DUY TRI THI KHI MOI PONG MACH K PHAI LON HON 1 LAM CHO BIEN O DAO
PONG TANG DAN CHO PEN KHI BO KHUECH DAI CHUYEN SANG LAM VIEC O
TRANG THAI BAO HOA, HE SO KHUECH DAI GIAM DAN SAO CHO KB = 1. LUC NAY
DAO PONG RA PUGC DUY TRI NHUNG KHONG PHAI HINH SIN. PE CO DAO PONG
HINH SIN PHAI PIEU CHINH HE SO KHUECH
DAI SAO CHO KB =1 VA XAC LAP TRUGC KHI BO KHUECH DAI CHUYEN SANG
TRANG THAI BAO HOA.

TAI CAC TAN SO PU CAO, DE DANG CO THE THUC HIEN CAC KHUNG DAO PONG
€O PHAM CHAT CAO. KHI PO DIEN AP TREN KHUNG DAO BPONG NGAY CA LUC BO
KHUECH DAI BAO HOA SAU, TREN THUC TE VAN CO DAO PONG HINH SIN. Vi THE
TRONG CAC SG PO TAO DAO DONG CAO TAN THUOUNG KHONG DUNG CAC BIEN
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PHAP DPAC BIET PE PIEU CHINH BIEN PO TIN HIEU RA CUA BO KHUECH DAL, CON
DIEN AP RA LAY TRUC TIEP TREN KHUNG DAO DPONG.

5.3. ON PINH BIEN PO VA TAN SO DAO PONG

5.3.1. ON PINH BIEN PO DAO PONG

KHI MGI DPONG MACH, CO MOT XUNG DONG CHAY QUA CAC PHAN TU TRONG
MACH. PHO CUA MOT XUNG LA LIEN TUC CO TAN SO TU KHONG PEN VO CUNG.
NEU DPIEU KIEN CAN BANG PHA (5.3B) BUJC THOA MAN TAI MOT TAN SO NAO PO,
PONG THOI K3> 1 THI TRONG MACH TANG CUONG DAO PONG G TAN SO bO, MACH
G TRANG THAI QUA PO VA BIEN DO DAO DONG TANG DAN. DEN TRANG THAI XAC
LAP HAY TRANG THAI DUNG BIEN PO DAO PONG KHONG POI UNG VOI K5= 1.

PE DAM BAO ON PINH BIEN PO G TRANG THAI XAC LAP, CO THE THUC HIEN
BANG CAC BIEN PHAP SAU:

- HAN CHE BIEN PO DIEN AP RA BANG CACH CHON TRI SO DIEN AP NGUON
CUNG CAP MOT CHIEU THICH HGP. BIET RANG BIEN PO DINH DINH CUA DIEN AP
XOAY CHIEU CUC DAI TREN LOI RA CUA MACH KHUECH DAI LUON NHO HON GIA
TRI PIEN AP MOT CHIEU CUNG CAP CHO TANG KHUECH DAI PO.

- DICH CHUYEN PIEM LAM VIEC TREN PAC TUYEN PHI TUYEN CUA PHAN TU
TICH CUC NHO THAY DOI DIEN AP PHAN CUC DAT LEN CUC DIEU KHIEN CUA PHAN
TUKHUECH DAL

- DUNG MACH HOI TIEP PHI TUYEN HOAC DUNG PHAN TU BIEU CHINH, VI DU:
PIEN TRG NHIET, PIEN TRO THONG THUAN CUA DIODE DE ON DINH BIEN DO.

TUY THUOC VAO MACH CU THE CO THE AP DUNG MOT TRONG NHUNG BIEN
PHAP TREN.

5.3.2. ON PINH TAN SO PO DAO PONG

VAN PE ON PINH TAN SO DAO PONG LIEN QUAN CHAT CHE PEN PIEU KIEN
CAN BANG PHA.

KHI PO DICH PHA GIUA DPIEN AP HOI TIEP VE VA DIEN AP LOI VAO THAY PO,
SE DAN PEN SUTHAY DOI TAN SO DAO DONG.

TRONG DPIEU KIEN CAN BANG PHA (5.3B), NEU CHO N = 0, TA CO:

p=¢x +pz =0 (5.10)

GOC PHA ¢, VA ¢, PHU THUQC VAO THAM SO CAC PHAN TU CUA MACH VA
PHU THUOC VAO TAN SO. DO PO CO THE VIET PIEU KIEN (5.10) MOT CACH TONG
QUAT NHUSAU:
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Px(mo)+@z(no)=0 (5.11)
TRONG PO M VA N DPAC TRUNG CHO THAM SO CUA CAC PHAN TU TRONG
MACH KHUECH PAI VA MACH HOI TIEP.
LAY VI PHAN TOAN PHAN BIEU THUC (5.11) VA BIEN POI, TA NHAN BUOC BIEU
THUC (5.12)

(0pk [Om).dm + (0 5 /On).dn
“= (0pk [0w) +(0pp [0w)
TU (5.12) CO THE SUY RA BIEN PHAP DE NANG CAO PO ON DINH TAN SO CUA
MACH TAO DAO PONG:

(5.12)

A) THUC HIEN CAC BIEN PHAP BE ON DINH THAM SO CUA MACH KHUECH DAI DM
VA THAM SO CUA MACH
HOI TIEP DN BANG CACH:

- DUNG NGUON NUOI MOT CHIEU LA NGUON ON AP.

- DUNG CAC PHAN TU CO HE SO NHIET NHO.

- GIAM ANH HUONG CUA TAI PEN MACH DAO PONG BANG CACH MAC THEM
TANG DPEM G LOI RA CUA MACH TAO DAO PONG.

-DUNG CAC PHAN TUBU NHIET.

B) THUC HIEN CAC BIEN PHAP NHAM GIAM TOC PO THAY POI GOC PHA THEO
THAM SO CUA MACH, NGHIA LA GIAM a@% VA a@% BANG CACH CHON MACH DAO
PONG THICH HOP (BA BIEM DIEN CAM, BA PIEM DIEN DUNG, GHEP BIEN AP ...).

C) THUC HIEN CAC BIEN PHAP LAM TANG TOC PO BIEN POI CUA GOC PHA THEO
TAN SO TUC LA TANG % VA % XUNG QUANH TAN SO DAO PONG. CU THE LA
SUDUNG CAC PHAN TU CO PHAM CHAT CAO NHU THACH ANH VA SUDUNG CAC
PHAN TUTICH CUC CO HE SO KHUECH DAI CAO.

THONG THUONG NEU KHONG DUNG CAC BIEN PHAP ON PINH DAC BIET, THI PO
KHONG ON PINH TAN SO TUGNG DOl Af—f CUA BO TAO DAO DONG DIEU HOA €O

(o]

THE PAT DUOC TRONG KHOANG 107 =107 . KHI DUNG CAC BIEN PHAP ON DINH CO
THE DAT PUGC PO KHONG ON PINH TAN SO TUONG POI TOI 10 HOAC NHO HON,
TRONG TRUONG HOP MACH DAO PONG DUNG THACH ANH CO THE PAT 10° <107,

54. BO TAO DAO PONG SONG CAO TAN HINH SIN LC
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54.1. VAN PE ON PINH BIEN PO TRONG CAC CAC BO TAO DAO PONG CAO
TAN LC

1) CHE PO DAO PONG MEM VA DAO
PONG CUNG

PpE ON DPINH BIEN PO TRONG CAC BO
TAO DAO PONG CAO TAN LC THUONG
DUNG PHUONG PHAP DI CHUYEN DIEM
LAM VIEC CUA CAC PHAN TU TICH CUC.
PIEN TRO R, TREN HINH (5.3) LAM NHIEM
Vu }?O' A A HINH 5.3. SO O MAY PHAT BA DIEM

O DAY R, R, Ry PHAN CUC CHO PIEN DUNG (SO PO COLPIT).
TRANSISTOR BANG DONG EMITTER (TU
PHAN CUC). KHI MOI PONG MACH, BIEN PO DAO PONG NHO, MACH LAM VIEC VOI
GOC CAT 6 =180° TUONG UNG CHE PO DAO PONG MEM, PO DOC TRUNG BINH TAI
LAN CAN DIEM LAM VIEC KHA LON, DO BO
Kp> 1. TRONG QUA TRINH QUA PO, BIEN bO
DAO PONG TANG DAN, PIEM LAM VIEC
CHUYEN SANG VUNG PHI TUYEN, BO
KHUECH DAl CHUYEN SANG LAM VIEC &
CHE PO BAO HOA, UNG VOI GOC CAT
0 <90°, TUONG UNG CHE PO DAO PONG
CUNG. PONG THOI pO DOC TRUNG BINH HINH 5.4. MACH TAO DAO DONG DINH
GIAM, LAM CHO HE SO KHUECH DAI GIAM, THIEN
TICH Kg TIEN TOI BANG 1 6 CHE PO XAC TUCAP RiC,

LAP. CONG CO THE DICH CHUYEN DIEM LAM VIEC BANG CACH THAY POl DINH
THIEN TU CAP TREN PIEN TRG R, CUA MACH BASE TREN HINH 5.4.

2) HIEN TUONG DAO PONG NGAT QUANG

NEU CHON R, C, (HINH 5.3) HOAC R, C, (HINH 5.4) QUA LON THI NGAY KHI
MACH PANG G TRANG THAI QUA PO DIEN AP BASE-EMITTER DA QUA AM LAM
CHO TRANSISTOR NGAT VA MAT DAO PONG. SAU PO C, PHONG DPIEN QUA R,
(CONG NHU VAY, C, PHONG DIEN QUA R;), DIEN AP BASE-EMITTER TANG DAN. SAU
MOT THOI GIAN NAO PO MACH DAO PONG TRO LAL QUA TRINH LAP PI LAP LAI VA
TRONG MACH CO DAO PONG NGAT QUANG. NGUOC LAI NEU CHON R, C;, (R,C5) QUA
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NHO THI MACH CO DAO PONG TANG DAN (KA > 1). Vi VAY CAN CHON TRI SO R,C,
(R, C) THICH HGP LAY BE TRONG MACH LUON LUON CO DAO DONG VA MACH LAM
VIEC G TRANG THAI XAC LAP KHI Kf = 1.

5.4.2. MACH TAO DAO PONG CAO TAN LC GHEP HO CAM (GHEP BIEN AP - SO
PO MAISNO)

0 +Eg

0 +E¢

ol

&
—
NI
N

~(]

HINH 5.5. BO TAO DAO DONG CAOTANLC  HiNH 5.6. BO TAO DAO PONG LC GHEP BIEN

GHEP BIEN AP AP, DUNG DIODE ON AP BE ON DINH PIEN
(SO O MAISNG) PHAN CUC BANG DONG AP MOT CHIEU CUA BASE
EMITTER.

PAC PIEM CUA BO TAO DAO PONG THEO SO PO MAISNG LA: HOI TIEP BUOC
THUC HIEN NHO MOT BIEN AP. CUON SO CAP CUA NO KET HOP VOI TU PIEN LAM
THANH MOT KHUNG DAO PONG QUYET BINH TAN SO DAO PONG
CUA BO TAO DAO PONG. TREN HINH 5.5 PEN 5.7 VE
BA BIEN THE CUA BO TAO DAO PONG TRANSISTOR
MAC THEO SO PO EMITTER CHUNG. BO KHUECH
DAL, KHUECH PAI PIEN AP LOI VAO CO TAN SO
BANG TAN SO CONG HUONG CUA KHUNG DAO
PONG o, =1//LC, TREN CUC COLLECTOR CUA

TRANSISTOR, PIEN AP SE CO BIEN bO CUC PAI VA

DICH PHA 180°. MOT PHAN DPIEN AP NAY LAY TU HINH 5.7. BO TAO DAO
CUON THU CAP DUNG PE HOI TIEP. DE THOA MAN  pONG LC GHEP BIEN AP, HOAT
PIEU KIEN CAN BANG PHA, BIEN AP CAN BAO PAM PONG G CHE PO B.

VIEC QUAY PHA TIN HIEU HOI TIEP 180°. NEU
CUON SO CAP VA THU CAP CUA BIEN AP CO CUNG
CHIEU CUON, THI PE QUAY PHA, PHAI PAU CAC
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CUON DAY NGUOC PAU NHAU, TUC LA DIEN AP

TREN DAU CUOI CUA CUON THU CAP PONG PHA VGI PIEN AP TREN COLLECTOR.
DAU SAO (*) & GAN CUON DAY BIEN AP CHI RO CAC PAU RA CUA CUON DAY CO
PIEN AP PONG PHA. HE SO BIEN AP PUOC CHON SAO CHO TAI TAN SO CONG
HUONG, HE SO KHUECH DAI VONG XA LON HON 1. NHO bO MA NGAY LAP TUC KHI
DPAU NGUON NUOI SE XUAT HIEN MOT DAO PONG CO BIEN PO TANG THEO HAM
MU CHO PEN LUC TANG KHUECH PAI BI QUA TAIL DO BI QUA TAI MA HE SO
KHUECH DAI TRUNG BINH CUA TANG KHUECH DAI BI GIAM DI, QUA TRINH GIAM
TIEP TUC CHO PEN KHI TRI SO X = 1. LUC PO BIEN PO DAO PONG PUJC XAC LAP
BANG MOT HANG SO. SE PHAN BIET 2 DANG QUA TAI LA QUA TAI LOI VAO VA QUA
TAI LOI RA. QUA TAI LOI RA XUAT HIEN KHI TIEP GIAP COLLECTOR BASE CUA
TRANSISTOR MO. TRONG CAC SO PO HINH 5.5 VA 5.6 XUAT HIEN KHI DIEN AP TREN
COLLECTOR NHO HON DIEN AP TREN BASE.

VOI PO SAU HOI TIEP LGN CO THE XUAT HIEN QUA TAI LOI VAO. NO XUAT HIEN
Vi CAC TIN HIEU VAO LGN BAT PAU PUGC TACH SONG BOI TIEP GIAP BASE -
EMITTER CUA TRANSISTOR. TU C, BAT DPAU NAP VA DO PO TRANSISTOR CHI BUGC
MG TRONG NUA CHU KY DUOGNG CUA PIEN AP VAO.

TRONG SO PO HINH 5.5, NEU BO PIEN TRG R,, LUC PO TRANSISTOR PUGC PHAN
CUC BANG DONG CO PINH, NGAY CA VOI BIEN bO DAO BPONG NHO, TU C, CUNG
PUGC NAP RAT NHANH PEN DIEN AP AM, LUC PO TRANSISTOR BI KHOA VA CHAM
DUT DAO PONG. BO TAO DAO PONG CHI bUJC KICH (DAO PONG) KHI DIEN AP
TREN BASE-EMITTER VOI HANG SO THOI GIAN R,C, PU LON, BE TANG DEN +0,6V.
KHI DO MOT DIEN AP RANG CUA PUCC TAO RA TREN TU C,. SO bO NHU VAY BUGC
GOI LA BO TAO DAO PONG TU TRIET, HAY LA BO TAO DAO PONG NGHET
(BLOCKING). PE TRANH HIEN TUONG TU TRIET CUA BO TAO DAO PONG, TRUGC
HET PHAI GIAM QUA TAI LOI VAO BANG CACH CHON HE SO BIEN AP THICH HOP.
NGOAI RA, MACH THIEN AP MOT CHIEU CHO BASE SE BUJC CHON CO DIEN TRG
CANG NHO CANG TOT. TRONG SO PO HINH 5.3 NEU BO R,, GIAM DIEN TRO R, SE
LAM CHO DONG BASE LGN DO PO KHONG THE THUC HIEN PUOC. Vi THE, HGP LY
NHAT LA PINH BPIEM LAM VIEC BANG HOI TIEP AM DONG BIEN, DOI VGI SO pO
HINH 5.5 CO PIEN TRO R,, HOAC NHU CAC SO PO HINH 5.6 VA 5.7.

DE XET PIEU KIEN CAN BANG BIEN DO, TINHK VA £

HE SO KHUECH DAL K = -SZ, (5.13)

OPAY Z.LA TRO KHANG CUA KHUNG CONG HUONG CUA MACH COLLECTOR;
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S LA PO DOC CUA DAC TRUNG TRUYEN DAT CUA TRANSISTOR.

TRONG DO:
I 1 1

—=—t—+— (5.14)
Z(' th hllv Zt
Ry LA TRO KHANG CUA KHUNG CONG HUONG TAI TAN SO CONG HUGNG.
L
R,=— (5.15)

Cr
L : PIEN CAM CUA KHUNG CONG HUONG;
C: PIEN DUNG CUA KHUNG CONG HUONG;
R : PIEN TRO TON HAO CUA KHUNG CONG HUONG;
Z,: TRO KHANG CUA TAL.

h
S =2 (5.16)
. hlle
HE SO HOI TIEP:
7 L
LAP TICH KB >1 (5.18)
THAY (5.13) ... (5.17) VAO (5.18) NHAN PUOC:
h
n’—nh,, +%so (5.19)

TRONG PO Z =R, //Z,
CHO VE PHAI CUA BIEU THUC BANG KHONG, GIAI PHUONG TRINH TA PUOC:

2
n,, =z y (B2 ) B (5.20)
27 2 2
DAO HAM (5.19) VA XET DAU, TA THAY (5.19) < 0. KHI
n,<n<n, (5.21)

VAY NEU HE SO HOI TIEP N THOA MAN DIEU KIEN (5.21) TRONG MACH CO DAO
DONG. MACH CO DAO PONG HINH SIN (O TRANG THAI XAC LAP) TAI N, , HOAC N..

XAC PINH TRI SO CAC LINH KIEN QUA HE SO HOI TIEP N THEO (5.17) VA QUA
TAN SO DAO PONG CUA MACH:

T L (5.22)

* an/LC

5.4.3. BO DAO PONG BA PIEM (MAY PHAT BA DIEM)
CUNG NHUMAY PHAT GHEP HO CAM, MAY PHAT BA PIEM CONG GOM MOT
TANG KHUECH DAI CONG
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HUONG VA MACH HOI TIEP DUGNG. SUKHAC NHAU CHi G MACH HOI TIEP. BOI VOI
MAY PHAT GHEP HO CAM, MACH HOI TIEP DUONG PUOC THUC HIEN BOI MACH HO
CAM, CON CAC SO PO MAY PHAT BA PIEM MACH HOI TIEP DUONG PUJC THUC
HIEN BANG DPIEN CAM HOAC DIEN DUNG.

KHAI NIEM BA DIEM G DAY, POI VOI SO PO DUNG TRANSISTOR LA 6 BIEM NOI
CAC CUC EMITTER E, BASE B, COLLECTOR C VAO MACH, CON POI VGI TRANSISTOR
TRUONG LA BA BIEM NOI CUA CUC NGUON S, CUC MANG D, CUC CUA G VAO MACH.
TRONG THUC TE CAC SO O MAY PHAT BA BIEM DUGC SUDUNG NHIEU HON, NHAT
LA VUNG TAN SO RAT CAO, Vi LINH KIEN IT, DE LAP RAP V.V...

1) NGUYEN TAC THIET LAP MACH BA PIEM

CAC MACH TAO DAO PONG LC NOI CHUNG PEU CO THE DUA VE MOT KET CAU
CHUNG THEO HINH 5.8.A. TRONG PO K, LA MOT BO KHUECH PAI CO THE DUNG
TRANSISTOR, TRANSISTOR TRUONG, KHUECH DAI THUAT TOAN V.V... BO KHUECH
DAINAY CO THE BIEU DIEN THEO SG PO TUGNG DUONG (HINH 5.8.B). TRONG PO U,
LA DIEN AP VAO, K, LA HE SO KHUECH DAI KHI CHUA CO HOI TIEP, R, LA PIEN TRO
RA CUA TANG KHUECH DAL

THEO HINH 5.8.A TA CO:
HE SO HOI TIEP:
-

Z;+7Z;

(5.23)

HE SO KHUECH PAI KHI CO TAL:
/] Z
K=—"=-K —" (5.24) o
u, r+Z, HINH 5.8. SO bO TONG QUAT MACH TAO DAO
Z =7,IZ +Z) (5.25) DONG BA DIEM (A), SO PO TUONG PUONG CUA BO
KHUECH PAI K, (B).

LAP TICH Kf VA THAY (5.23) ...
(5.25) VAO TA CO:
ZZZI
"1 (Z+Z,+Z)+Z,(Z,+Z,)

KB =-K (5.26)

TRONG CHE PO DAO DONG GIA THIET TRG KHANG Z,, Z,, Z, LA THUAN KHANG.
Z, = jXy; Z,=)Xy; Z,=jX,

THAY VAO (5.26) TA CO:

KB =-K X, X,

DX X, # X))+ XL (X + XS)

(5.27)
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KHUNG DAO PONG GOM CAC PHAN TU X,, X,, X;. THUONG TAN SO DAO PONG
GAN BANG TAN SO CONG HUONG RIENG CUA KHUNG, NEN TAI TAN SO DAO PONG
PHAN AO CUA TRO KHANG BANG KHONG:

X +X,+X,=0 (5.28)
DO PO TU'(5.27) SUY RA:
X
KB =-K ! 5.29
p "X, + X, 629
TU(5.28) SUY RA:
X, + X, ==X,
DO PO TU'(5.29) SUY RA:
KB =K, Xy (5.30)
X,

TUDIEU KIEN CAN BANG PHA, BE CO HOI TIEP DUONG, TONG DI PHA DO MACH
KHUECH DAI VA MACH HOI TIEP GAY RA PHAI BANG KHONG, TUC LA KB >0. DO

PO TU(5.30) SUY RA: X, X, >0 VA X, PHAI NHO HON KHONG, HAY NOI CACH KHAC
LA X, TRAI DAU VOI X, X,. TUPO SUY RA:

- MACH BA DIEM DIEN CAM:
X, X, >0 VA X, <0 (5.31)
(TRONG PO X,, X, LA BIEN CAM VA X, LA PIEN DUNG).
- MACH BA PIEM DPIEN DUNG:
X, X, <0 VA X,>0 (5.32)

(TRONG PO X,, X, LA BIEN DUNG VA X, LA DIEN CAM).

2) MACH BA PIEM PIEN CAM (MACH HARLEY)

MACH TAO DAO PONG BA PIEM PIEN CAM, CUNG TUONG TUNHU MACH DAO
PONG GHEP HO CAM. NO CHi
KHAC & CHO BIEN AP PUOC THAY POI BANG CUON CAM CO PAU RA PHU. CUON
CAM CUNG TU PIEN MAC SONG SONG VGI NO QUYET PINH TAN SO DAO PONG CUA
BO TAO DAO BONG.

HINH 5.9.A TRINH BAY SO PO MACH TAO DAO PONG BA PIEM DIEN CAM DUNG
TRANSISTOR MAC THEO KIEU EMITTER CHUNG. DIEN AP HOI TIEP LAY TREN CUON
L, QUA TU C, DUA VE BASE CUA TRANSISTOR NGUOC PHA VOI DIEN AP TREN
COLLECTOR CHINH LA DPIEN AP TREN CUON L,, NHU VAY MACH THOA MAN DIEU
KIEN CAN BANG PHA. HINH 5.9.B TRINH BAY SO PO MACH TAO DAO PONG BA PIEM
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PIEN CAM DUNG TRANSISTOR MAC THEO KIEU BASE CHUNG. PIEN AP HOI TIEP
LAY TREN L, QUA TU C, PUA VE EMITTER CUNG PHA VOI DPIEN AP TREN
COLLECTOR LAY TREN L, VA L,. NHU VAY MACH THOA MAN DIEU KIEN CAN BANG
PHA.

0+ Ec

R |:| wi &L
1
E Uid
Ci ¢

Re Ce

B
(A) B)
HINH 5.9. MACH BA DIEM DIEN CAM (MACH HARLAY): SO DO EMITTER CHUNG (A), SO DO
BASE CHUNG (B).

XET THEO DIEU KIEN (5.31), CAC SO PO HINH 5.9, X, LA DIEN KHANG GIUA BASE
VA EMITTER, X, LA PIEN KHANG GIUA COLLECTOR VA EMITTER MANG TINH DIEN
CAM, CON X; LA PIEN KHANG GIUA COLLECTOR VA BASE MANG TINH DIEN DUNG.
DO PO MACH THOA MAN DIEU KIEN CAN BANG PHA.

XET PIEU KIEN CAN BANG BIEN PO (5.3A). TA TINH CHO MACH HINH 5.9.A:

.U L
UC L2
A % h21e 2 hlle
VA K=-SZ,=-2P°R, /-1 (5.34)
n
1le
TRONG PO P LA HE SO GHEP GIUA TRANSISTOR VA MACH

poYe Ly (5.35)

U, L, +L,

THAY (5.33) ... (5.35) VAO (5.3A) TA BUQC:
(1+n)’h,,, +n°R, —nR ;h, <0 (5.36)
NHU VAY (5.36) HOAN TOAN TRUNG HOP VOI (5.19) NEN CAC KET QUA (5.20),

(5.21) PEU DPUNG TRONG TRUONG HOP NAY. TAN SO DAO PONG CUA MACH PUGC
XAC PINH THEO (5.37):

1

f zf =
COT oL, +L,)C

(5.37)
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TRONG TRUONG HOP DUNG MACH BASE CHUNG NHU HINH 5.9.B PE TAO DAO
PONG TAN SO CAO, CUNG CHO NHONG KET QUA NHU VAY, NHUNG TRONG CAC
BIEU THUC TREN PHAI THAY H,,; VA H,,, BOI h,, VA h,,, VAHE

SO HOI TIEP 8 PUCC XAC DPINH THEO (5.38), VA HE SO GHEP GIUA TRANSISTOR VA
MACH THEO (5.39)

Ug L +L,
P= [.JCB =1 (5.39)
Utd

3) MACH BA PIEM PIEN DUNG (MACH COLPITS)
MACH BA DPIEM PIEN DUNG MAC THEO SO PO EMITTER CHUNG NHU TREN
HINH 5.10.A. CON MAC THEO SO PO BASE CHUNG NHU TREN HINH 5.10.B.

o+ Er

=+ Ep

@
HINH 5.10. MACH BA PIEM PIEN DUNG MAC THEO SO PO EMITTER CHUNG (A),VA SG PO

BASE CHUNG (B)
X, =Xge :—wé: <0
2
1
X2 :XCE :—E<O

X, =X =L >0.
NHUVAY MACH THOA MAN DPIEU KIEN CAN BANG PHA.
POI VOI SO PO HINH 5.10.A, HE SO HOI TIEP:

ﬂ:_qi:_&
UCE Cl

pOI VOI SO PO HINH 5.10.B, HE SO HOI TIEP:

BZ_U:BE - _ Cz
U C, +C,

(5.40)

(5.41)
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DAC PIEM CUA SO PO BA PIEM PIEN DUNG LA DUNG DIEN DUNG DE PHAN AP,
TAN SO DAO DPONG CUA MACH DUOC XAC DINH THEO (5.42)
fonf, — (5.42)
2n C.C, L
C, +C,

4) BO TAO DAO PONG LC GHEP EMITTER
SO PO BO TAO DAO PONG LC GHEP EMITTER
PON GIAN NHAT TRINH BAY O HINH 5.11, THUC L gi
HIEN TREN CO SO MOT TANG KHUECH DAI VI SAL L

Vi PIEN AP TREN BASE CUA TRANSISTOR 7, DPONG
PHA VOI DIEN AP TREN COLLECTO CUA  HINH 5.11. BO TAO DAO PONG
TRANSISTOR T, NEN HOI TIEP XUAT HIEN KHI DAU LC GHEP EMITTER
CHUNG TRUC TIEP LA HOI TIEP DUONG.

BO KHUECH DAI DUNG DE XAY DUNG NEN BO
DAO PONG GHEP
EMITTER VA TANG CUOI VOI BIEN PO TiN HIEU RA PIEU CHINH BUJC PA BUGC
HANG MOTOROLA CHE TAO DUGI DANG VI MACH KY HIEU MC - 1648, NO CO THE
TAO RA TIN HIEU CO TAN SO PEN 200MHZ.

54.4. CAC MACH TAO DAO PONG DUNG THACH ANH

1) TINH CHAT VA MACH TUONG PUONG CUA THACH ANH

TRONG NHIEU TRUONG HGP, PO ON BINH TAN SO CUA BO DAO DONG LC DUNG
CAC BIEN PHAP ON DINH NHU DA TRINH BAY TRONG MUC 5.3.2 LA KHONG BU. bO
ON PINH TAN SO PHU THUOC VAO NHIET PO, HE SO DIEN CAM VA BIEN DUNG. BE
DAT DO ON DINH TAN SO CAO HON THUONG DUNG THACH ANH BE ON DINH TAN
SO. THACH ANH CO NHONG TINH CHAT VAT LY RAT PANG QUY NHU PO BEN CO
HOC CAO, IT CHIU TAC PONG CUA NHIET PO, PO AM VA TAC DUNG HOA HOC.

THACH ANH CO TINH CHAT AP DIEN, NGHIA LA DUGI TAC DUNG CUA DIEN
TRUONG THI SINH RA DAO PONG CO HOC VA NGUOC LAI KHI CO DAO PONG CO
HOC THI SINH RA PIEN TiCH, DO PO CO THE DUNG THACH ANH NHU MOT KHUNG
CONG HUONG. KY HIEU THACH ANH TREN HINH 5.12.A; SO PO TUGNG PUGNG CUA
THACH ANH VE DIEN HINH 5.12.B, TRONG DO L,, C,, R, PHU THUOC VAO KICH
THUGC VA CACH CAT KHOI THACH ANH.
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THACH ANH CO KICH THUOC CANG NHO THI

. . r ox A o A 0A A
L,, C, VA R, CANG NHO VA TAN SO CONG
HUONG CANG CAO, L,, C,, R, CO TINH ON DINH
CAO, CON C, LA PIEN DUNG CUA GIA b6 CO PO L Ly
- , 1 ¢l
ON DINH KEM HON. — - G
SAU DAY LA CAC GIA TRI PIEN HINH CUA i
CAC THAM SO TRONG SO PO TUGNG DUONG DOI B
o 0 B
VOI MOT THACH ANH 4MHZ: @ ©
L, =100mH |, r, =100Q . o
a q HINH 5.12. KY HIEU THACH ANH
C, =0,015pF, C, =5pF (A), SO PO TUONG PUONG VE DIEN
PO PHAM CHAT Q = 25.000 CUA THACH ANH (B).

VI GIA TRI CUA R, RAT NHO, NEN TRONG
TINH TOAN CO THE BO QUA. TRG KHANG TUONG
PUONG CUA THACH ANH LUC PO LA DIEN
KHANG TUONG PUCONG BUOC XAC PINH THEO

(5.43)
(JolL, +
Ja)C a)C . w L C, -1
Zy=Xq="— == (5.43)
_ ol +- a)(C +C—a)LCC)
JaC, JaC,

TU (5.43) SUY RA THACH ANH CO HAI TAN SO CONG HUONG: MOT TAN SO CONG
HUGNG NOI TIEP f, UNG VOI Z, =0 VA MOT TAN SO CONG HUONG SONG SONG f_

UNG VOI Z, =o0.
TU(5.43) SUY RA:
f=—— (5.44)

1 [c,+¢, C.
S i i N Y (5.45)
7\ L,C,C, C,

PIEN DUNG C, CANG LON SO VOI C, THI TAN SO CONG HUONG NOI TIEP f,
CANG GAN VOI TAN SO CONG HUONG SONG SONG f,. TU BIEU THUC (5.43) VA PAC

TINH DIEN KHANG CUA THACH ANH HINH 5.13, THACH ANH XUAT HIEN 3 MIEN CO
TINH CHAT PIEN KHANG LAN LUOT LA: 6 VUNG TAN SO f < f, THACH ANH TUONG
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PUONG NHU MOT DUNG KHANG, 6 VUNG TAN SO f, < f<f, THACH ANH TUONG

DUONG NHUMOT CAM KHANG, G VUNG TAN SO f > f, THACH ANH TUONG DUONG

NHUMOT DUNG KHANG.
HAI TAN SO f, VA f, CUA THACH

ANH RAT GAN NHAU CHI CACH NHAU
VAI CHUC KHZ. THUONG SAN XUAT CAC
THACH ANH VOI TAN SO f,= IKHZ DEN

HANG TRAM MHZ.

CAC TINH CHAT CO BAN VE PIEN
CUA THACH ANH

o PO PHAM CHAT CAO: Q =10* +10°.

e TY SO L, /C,RAT LON NEN TRO
KHANG TUONG PUONG CUA THACH ANH
R, =L, /C,r, RATLON.

e VOI KHUNG DAO PONG DUNG
THACH ANH CO THE DAT BUGC PO
KHONG ON PINH TAN SO TUGNG POI:

Af
T =1

PE THAY POI TAN SO CONG HUONG
CUA BO CONG HUONG THACH ANH
TRONG PHAM VI HEP, NHUMO TA O HINH
5.14 NGUOI TA MAC NOI TIEP VOI THACH
ANH MOT TU BIEN DBOI Ci.

LUC NAY TRO KHANG TUONG PUONG
CUA MACH:

0°%=10"

1 C,+C,+Cs-0’L,C,(C,+Cy)

Xtd

Zid

HINH 5.13. DAC TINH DIEN KHANG
CUA THACH ANH

HINH 5.14. MOT BIEN PHAP DE THAY DOI
TAN SO
CONG HUONG CUA THACH ANH.

Z,=- : (5.46)
joC, C,+C,-@’L,C,C,
DO PO TAN SO CONG HUONG NOI TIEP CUA MACH:
£, =f“/1+ <. (5.47)
C,+C;
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NGOAI RA VI ¢, ON PINH KEM, PE GIAM ANH HUONG CUA C, NGUOI TA MAC
MOT TU C, SONG SONG VOI C, , LUC PO TROG KHANG TUONG DUONG CUA MACH:
o’L,C, -1

Z,=j (5.48)

o lc,+C +C -w’L,C,(C,+C,)]

a4

KHI DO TAN SO CONG HUGNG SONG SONG:

/ C
f,=f 1+ (5.49)
C,+C,

KHIC,>>C, THI f  ~ f

a

DO MAC THEM TU C, NEN TAN SO CONG HUONG SONG SONG f, GIAM XUONG
GAN BANG TAN SO CONG HUONG NOI TIEP f, VA f, HAU NHUKHONG PHU THUOC

VAO C, VA C,. NHUNG CONG Vi VAY MA DO PHAM CHAT CUA MACH Q-1 \E
.

GIAM, VI C TANG.

2) BO TAO DAO PONG DUNG THACH ANH VOI TAN SO CONG HUONG NOI TIEP

CcO THE ON PINH TAN SO CONG HUONG CUA BO TAO DAO PONG LC, NEU
TRONG MACH HOI TIEP DUNG BO CONG HUGNG THACH ANH. PE DAM BAO YEU
CAU VE TAN SO, THACH ANH MAC NOI TIEP VOI C;, O TAN SO CONG HUONG NOI
TIEP CUA THACH ANH, TiN HIEU HOI TIEP LA LON NHAT. KHI PO THIET KE DE DIEN
TRG MACH NGOAI (PAU NOI TIEP TRONG MACH HOI TIEP) NHO HON DIEN TRG TON
HAO CUA THACH ANH CANG NHIEU CANG TOT. NEU KHONG LAM PUGC DIEU NAY,
THI PO PHAM CHAT CUA THACH ANH GIAM, VA KHI PO PHAM CHAT CANG GIAM
THi PO DOC CUA PAC TiNH PHA G GAN TAN SO CONG HUONG CUA THACH ANH
CANG NHO. LUC PO DICH PHA KY SINH SE ANH HUONG NHIEU DEN TAN SO
CONG HUONG.

0+ Ee 0+ E;

] e 1 Lf ] L _%Cs

R
Ra |:| e By 3 Cg Ex

(A) ®)
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HINH 5.15. BO TAO DAO PONG DUNG THACH ANH VOI TAN SO CONG HUONG NOI
TIEP:
3 DIEM DIEN CAM (A) VA 3 BIEM DIEN DUNG (B).

DE DANG THUC HIEN PUGC DIEU KIEN DIEN TRG NOI TIEP NHO TRONG MACH
CONG HUONG THACH ANH, NEU BO TAO DAO PONG LC BUOC XAY DUNG TREN CAC
TRANSISTOR MAC THEO SO PO BASE CHUNG PUOC MO TA TREN HINH 5.15. CAC SO
PO MO TA TREN HINH 5.15 LA BO TAO DAO PONG CO KHUNG CONG HUONG LC. PE
CHO DAO PONG XUAT HIEN PHAI BIEU CHINH TAN SO CONG HUONG CUA KHUNG
CONG HUONG LC G TAN SO CUA BO CONG HUONG THACH ANH. TAN SO CONG
HUGNG CUA KHUNG DAO PONG CO THE CHON BANG BOI SO NGUYEN TAN sO
CONG HUONG CUA THACH ANH, VA BO DAO PONG PUGC KICH THICH TAI HAI BOI
TUONG UNG. PHUONG PHAP NAY RAT THUAN LGI DUNG BE TAO CAC TAN SO LGN
HON 10MHZ.

KHI SUDUNG THACH ANH & TAN SO CONG HUONG CG BAN CUA NO THI CO THE
BO KHONG DUNG KHUNG DAO DONG PHU. TREN HINH 5.16 TRINH BAY SO PO
TUONG UNG DUNG PE KICH CONG HUONG NOI TIEP CUA THACH ANH. BE KHONG
LAM GIAM PO PHAM CHAT CUA THACH ANH, SO PO KICH THICH PHAI CO PIEN TRO
PU NHO. MUON THE NGUOI TA DUNG BO LAP LAI EMITTER CUA TRANSISTOR T,.
DONG CHAY QUA BO CONG HUONG THACH ANH, PUJC KHUECH PAI BOI MOT
GUONG DONG DPIEN TREN TRANSISTOR T, VA DIODE D,. TAI TAN SO CONG HUONG
NOI TIEP, TRI SO CUA DONG NAY DAT CUC PAIL HE SO KHUECH PAI DONG PUGC
CHON SAO CHO TAI TAN SO NAY THOA MAN DIEU KIEN TUKICH CUA SO PO. DIEN
TRG R, PUGC CHON NHO PE DIEN AP XOAY CHIEU TREN BO CONG HUONG THACH
ANH KHONG VUOT QUA 10 MV. KHI PO CONG SUAT TIEU THU TREN THACH ANH
NHO PEN MUC NO KHONG ANH HUONG PEN PO ON DPINH CUA TAN SO CONG
HUONG. THAY CHO DIEN TRO R;, TOT HON CA LA
CHON MOT PHAN TU DIEU KHIEN PUOC VE MAT DIEN, CHANG HAN NHU
TRANSISTOR TRUONG. KHI PO TRI SO PIEN TRO KENH CUA TRANSISTOR TRUONG
PUCC XAC LAP BANG MOT SO PO PIEU KHIEN TU PONG BIEN PO TIN HIEU. GIAI
PHAP NAY PAM BAO SUKICH THICH TIN CAY CHO BO CONG HUONG THACH ANH,
VA DAM BAO PO MEO NHO CHO DIEN AP HINH SIN CUA SO DO.
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SO PO HINH 5.16 CONG €O . o +Ec
THE BAO DPAM PUOC KHA NANG
KICH THICH CHO MACH CONG
HUONG O CAC SONG HAI BOL
MUON THE TU ¢, SE PUOC THAY
THE BOI MOT KHUNG DAO DPONG,
PIEU CHINH TAI TAN SO TUONG

T1

UNG. SO PO BO DAO PONG CO  ¢s %
PHAN TU DIEU CHINH BIEN O == (L) "
PIEN AP TREN BO CONG HUONG 1 . 1

THACH ANH DANG XET DA BUJC HINH 5.16. BO TAO DAO BPONG DUNG THACH ANH

HANG PLESSEY CHE TAO DUOL 6 TAN SG CONG HUSNG NOI TIEP KHONG CO
DANG VI MACH VOI KY HIEU SL- KHUNG DAO PONG LC.

680C.

VI MACH NAY CHO PHEP
NHAN PUOC PIEN AP RA CO TAN
SO PEN 150MHZ. PO KHONG ON
DINH TAN SO TUGNG POI TRONG
SO PO NAY VAO KHOANG 107
PEN 1077
3) BO DAO PONG DUNG THACH ANH VOI TAN SO CONG HUONG SONG SONG
MACH DIEN TREN HINH 5.17.A LA MOT DANG MACH DIEN BA DIEM DIEN DUNG.
NHANH CO THACH ANH MAC NOI TIEP VOI TU C; TUGNG DPUGNG NHU MOT DIEN
CAM, NGHIA LA TAN SO DAO PONG CUA MACH PHAI THOA MAN DIEU KIEN (5.50)
VA TU Cs PHAI THOA MAN DIEU KIEN (5.51).
f, <f, <f, (5.50)
LRSS (5.51)

WyeLs

TRONG DO, L,; LA PIEN CAM TUONG DUONG CUA THACH ANH.
PE GIAM ANH HUONG CUA PIEN DUNG RA, DIEN DUNG VAO PEN TAN SO DAO
DPONG CUA MACH:
C,.,C,>C (5.52)

TAN SO DAO PONG CUA MACH CO THE XAC PINH GAN DUNG NHU SAU:
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£, ~f (5.53)

VOI SO PO HINH 5.17.B CUNG LA MACH PIEN BA PIEM DPIEN DUNG, NHANH CO
THACH ANH MAC NOI TIEP VOI TU C; TUONG PUONG NHU MOT DIEN CAM, PIEN
DUNG GIUA BASE VA EMITTER CUA TRANSISTOR VA TU BIEN BOI C, TAO THANH
MACH HOI TIEP. GIA TRI CUA C, THAY DOL LAM THAY POI HE SO HOI TIEP.

CAC MACH TAO DAO DONG DUNG THACH ANH HINH 5.17 DPEU SUDUNG TAN SO
CONG HUONG SONG SONG.

PIEU KIEN BIEN PO PUCGC XET NHU MACH BA DIEM DPIEN DUNG THONG
THUONG.

o+Ec (12V)

0 +Ep
Rc
Cs 1K
R1 .
c 30K H AEH/' e
[ ‘ Ca
=0 ==q m— % 5200p

E
Ce | T
Cs
Ca Ry
27K CE F1
B 150F 10K

(A) (B)
HINH 5.17. BO TAO DAO PONG DUNG THACH ANH VOI TAN SO CONG HUONG SONG SONG.

5.5. BO TAO DAO PONG RC

5.5.1. KHAI QUAT CHUNG CUA CAC BO TAO DAO PONG RC.

DE TAO RA CAC DAO PONG TAN SO THAP (CO TAN SO TU 10 HZ BEN 30 KHZ),
VIEC SUDUNG BO DAO PONG LC LA BAT CAP, Vi CAN TRI SO CUA L, C RAT LON.
CAU TAO CUA BO DAO PONG CONG KENH VA GIA THANH DAT. HON NUA KHI L, C
LON THI BIEN TRO TON HAO CUNG LON, DO PO PO PHAM CHAT Q CUA MACH RAT
NHO VA pO ON DINH TAN SO THAP. Vi VAY BO TAO DAO BONG RC THUONG BUGC
DUNG G PHAM VI TAN SO THAP THAY CHO CAC BO TAO DAO PONG LC. TRONG CAC
BO TAO DAO PONG RC KHONG CO CUON CAM, DO PO €O THE CHE TAO NO THUAN
TIEN DUGI DANG VI MACH.

VOI CUNG MOT PIEN DUNG BIEN POI, CO THE PIEU CHINH PUOC TAN SO DAO
PONG CUA BO TAO DAO PONG RC TRONG PHAM VI RONG HON SO VOI BO TAO
DAO PONG LC. VI TRONG BO TAO DAO PONG RC TAN SO DAO

PONG Ti LE VOI 1/C, CON TRONG BO TAO DAO PONG LC, TAN SO Ti LE VOI 1/4/C .
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MACH HOI TIEP CUA BO TAO DAO PONG RC CHI BAO GOM CAC PHAN TU RC,
NGHIA LA NO KHONG CO TINH CONG HUGNG TAI TAN SO CO BAN NHU TRONG CAC
BO TAO DAO DONG LC, VI VAY BE GIAM MEO PHI TUYEN, YEU CAU BO KHUECH
DAI LAM VIEC O CHE PO A.

5.5.2. BO TAO DAO PONG RC DUNG MACH DI PHA TRONG MACH HOI TIEP.

pOl VOl BO TAO DAO DONG RC GOM MOT TANG KHUECH DAI DUNG
TRANSISTOR MAC THEO SO DO EMITTER CHUNG, DIEN AP G LOI RA LECH PHA SO
VGI PIEN AP & LOI VAO 180°. DO PO PE THOA MAN DIEU KIEN CAN BANG PHA,
MACH HOI TIEP PHAI TAO RA MOT GOC DI PHA 180° (MACH NHANH PHA) HOAC
~180° (MACH CHAM PHA). NHU DA BIET TRONG CAC PHAN TREN, MACH RC LOT RA
TREN R CO HAM TRUYEN PAT PUJC XAC DINH NHU SAU:

(5.54A)
GOC LECH PHA:

=arct
¢ § @RC

(5.54B)
THEO (5.54B) MOT MACH RC LOI RA TREN R CHI CO THE TAO RA MOT GOC DI

PHA ¢ <90°KHI R VA C KHAC KHONG. VI VAY MUON DAM BAO DIEU KIEN CAN

BANG PHA MACH HOI TIEP PHAI CO TOI THIEU BA MAT LOC RC LOI RA TREN R MAC
NOI TIEP NHAU, MOI MAT LOC THUC HIEN MOT GOC DI PHA BANG 60°. NEU DUNG
BON MAT LOC THi MOI MAT LOC THUC HIEN MOT GOC DI PHA BANG 45°.

CO THE DUNG CAC MAT LOC RC CO TRI SO KHAC NHAU, NHUNG DE DON GIAN
THUONG CHON CO TRI SO BANG NHAU. TREN HINH 5.18.A TRINH BAY BO TAO DAO
PONG RC DUNG MACH DI PHA TRONG MACH HOI TIEP, CAC LINH KIEN THOA MAN
PIEU KIEN (5.55).

R, //R, /1y, =R (5.55)
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0+E¢

R Er

&44$ 1 C 2 C 3
Lt‘:}_T_({: c|_ B " Ue=Uy ® R R[] Vemt
RQ E |:l:|R2 Re o o
(B)

40 @)
HINH 5.18. MACH TAO DAO PONG DUNG MACH DI PHA TRONG MACH HOI TIEP (A);
MACH HOI TIEP DUNG BA MAT LOC RC (B).
PE TINH HE SO TRUYEN PAT CUA MACH HOI TIEP, VIET PHUONG TRINH DONG
PIEN CHO NUT 1, 2, 3 HINH 5.18.B, ROI DUNG PHUONG PHAP THE PE GIAL TA XAC
PINH DUOC:

p=Us_ !
U. 1-5a°-ja(6-a’)

(5.56A)

) 1
TRONG DO ¢ =——
oRC

TUDPO SUY RA PO LON CUA HE SO HOI TIEP:
~ 1
JA=5a%) +a*(6-a?)’

(5.56B)
VA GOC PHA CUA MACH HOI TIEP:
2
Y, = arctg% (5.57)
VOI MACH DI PHANAY, ¢, =7 KHI o’ =6
DO bO:
! (5.58)

(D =
“ J6RC
THAY a® =6 VAO (5.56B) XAC DINH PUGC GIA TRI HOI TIEP TAI TAN SO DAO
PONG:

1
= 59
s 29 (5:59)

NHU VAY THEO DIEU KIEN CAN BANG BIEN PO (5.3A), HE SO KHUECH DAI CUA
TANG K >29.

BANG CACH TUGNG TU, TINH DUGC TAN SO DAO PONG VA HE SO TRUYEN DAT
pOI VOI MACH HOI TIEP GOM 4
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MAT LOC RC NHU'SAU:

N

¢, =7  KHI codd=; VA ﬁ’zL

18,4
e ,
7

NGUOI TA THAY RANG SO MAT LOC CUA MACH HOI TIEP CANG TANG THI DAO
N a N 2, z N A A 2, A A A A R
HAM —;’ﬁ CANG LON, DO bO CANG THUAN LOI bOI VOI YEU CAU VE O ON DINH
w

TAN SO.

TRONG SO PO HINH 5.18, MACH HOI TIEP DUNG MACH LOC THONG CAO (MACH
NHANH PHA), THUC TE CO THE DUNG MACH HOI TIEP DUNG MACH LOC THONG
THAP (MACH CHAM PHA) HINH 5.19.

o+E,
E
1 Re R . R ) R ;
0

= e < o

— I c c U,
il iciwwu T T T,
T T °T 7
(A) (B)
HINH 5.19. BO TAO DAO PONG RC DUNG MACH CHAM PHA (TRE PHA) TRONG MACH HOI
TIEP (A);
MACH HOI TIEP DUNG MACH THONG THAP, TRE PHA (B).

POI VOI MACH HOI TIEP DUNG 3 MAT LOC THONG THAP RC, CO THE TINH DUGC:

J6

: . X I
=-n KHI o, =— VA TAI TAN SO DAO PONG [ =—
e “ = RC : NG =25

VOI BON MAT LOC THONG THAP RC THI ¢, = -1 KHI o, = VIO v TAI TAN 86
DAODONG g = 1
18,4
5.53. BO TAO DAO PONG DUNG MACH LOC CAU CHU T VA T-KEP TRONG
MACH HOI TIEP

MACH LOC T VA T-KEP PUOC BIEU DIEN TREN HINH 5.20.
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HINH 5.20. MACH LOC CAU CHUT (A); VA CHUT-KEP (B).

VOI MACH LOC T VIET PHUONG TRINH DONG DIEN CHO NUT 1 VA NUT 2, TUDPO
XAC PINH BUOC HE SO TRUYEN DAT:

.U 2 g4

pote o Zltjza (5.60)

U, a —1+j3a
TRONGD(’)a=L
oR

VAY PO LON CUA HE SO TRUYEN PAT VA GOC PHA:
(a® =1 +4a’
po |l e

(a® -1)* +9a*

(5.61A)
a(l-a?)
=arct ————————
O J (@’ =1 +6a’
(5.61B)

R . 1
VAY ¢, =0 KHI o =1 TUC 0, =—
A @Dy “ = Re
THAY « =1 VAO (5.61A) PUGC HE SO TRUYEN DAT CO GIA TRI NHO NHAT
2
ﬂ - ﬁmin - 3

(5.61C)
VGI MACH LOC T-KEP, BE TINH HE SO TRUYEN DAT, VIET PHUONG TRINH
DONG DIEN CHONUT 1,2 VA 3:

NUT I: Mo BT 2jeC =0.

R R
NUT 2: (it, —u1,).joC + (i, —it,) joC — R =0.
NUT 3: (uz—a,_)ja)C+M1;u" =0.

X 1 , ) A A
DAT o = —c KHU #,, i, TA DPUGC HE SO TRUYEN:
[0,
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U 2 _
I s (5.62)
U, (a -1+ jda
PO LGN CUA HE SO TRUYEN:

2
a” -1

J@ -1 +16a°

(5.63A)
VA GOC PHA:
—-4a 4o
@, =arctg el arctg —
(5.63B)
KHI ¢ =1 TH o, =— VA g, =+%
RC 2

THAY a=1 VAO (5.63A) TA PUGC HE SO TRUYEN DAT NHAN GIA TRI NHO

NHAT:
B=Prin =0
(5.63C)

TRONG MACH LOC T-KEP , VOI a =1, @, =1/RC HE SO TRUYEN DAT, DAT GIA
TRI TOI THIEU B =0,
VA GOC PHA ¢, =0. DAY LA TRUONG HOP MACH CAU KEP CHU'T LECH CAN BANG
HAY PUJC DUNG TRONG BO TAO DAO BONG. TA THAY TAI TAN SO w, =1/RC,
(o =1) HE SO TRUYEN DAT CA HAI MACH TREN DAT CUC TIEU. VI VAY CAC MACH T
VA MACH LOC T-KEP PHAI BPUGC MAC VAO BO KHUECH PAI CO HE SO KHUECH DAI
LON, VA CHI MAC TRONG NHANH HOI TIEP AM CUA BO KHUECH DAI LAM NHIEM
VU CHON LOC TAN SO. PE MACH CO THE TAO PUOC DAO PONG ON PINH TRONG
BO KHUECH DAI PHAI CO THEM MOT NHANH HOI TIEP DUONG KHONG PHU THUOC
VAO TAN SO, SAO CHO MACH CHI TAO DAO PONG CO TAN SO MA HE SO HOI TIEP
AM QUA MACH T VA T-KEP NHO NHAT, TUC LA KHI @ = o, =1/RC. TREN HINH 5.21
TRINH BAY MACH DAO PONG DUNG BO KHUECH PAI THUAT TOAN CO MACH T
TRONG MACH HOI TIEP AM.
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THEO HINH 521, MACH HOI TIEP
N N A +
DUGNG GOM R,, R,. MACH HOI TIEP AM o,
LA MACH T. TAI TAN SO @ = o, =1/RC -

B
N N ~ A RN 2 A I_{
THI HE SO HOI TIEP AM f_ =§. DO BO . Cl_
R

KHUECH DPAI THUAT TOAN cO HE SO
KHUECH DAI K, RAT LON, NEN DE CO  HiNH 5.21. MACH TAO DAO PONG DUNG BO

Rg

DAO PONG ON DINH HE SO HOI TIEP KDTT
DUONG S, > .. CO MACH T TRONG MACH HOI TIEP AM.
HE SO HOI TIEP DUONG:
R, _2
= >Z 5.64
P R+R, 3 (.64)

TUDPO SUY RA PIEU KIEN (5.65) LA DIEU KIEN CAN BANG BIEN PO:
R, > 2R, (5.65)

TUONG TU NHU VAY CO THE THAY MACH T TRONG HINH 5.21 BANG MACH T-
KEP VA TINH DIEU KIEN CAN BANG BIEN DO CUA MACH.

BO TAO DAO PONG RC DUNG MACH T-KEP CO PO ON PINH TAN SO CAO HON
DUNG MACHT.

554. BO TAO DAO PONG RC DUNG MACH CAU VIEN TRONG MACH HOI
TIEP.

MACH CAU VIEN PUOC TAO NEN BGI MACH X

LOC THONG DAI CO DANG NHU TREN HINH 5.22. °—|C
4 A 9, p 1 .
HE SO TRUYEN DAT CUA MACH: U cz_l_ Ry Ur
p=Yr _ ! (5.66) o —
U R, C ) N A
Yoo+ Rf’ + sz TI(OR)Cr =) HINH 5.22. MACH LOC THONG
2 1 2%

DAL
TU (5.66) XAC DINH PUGC PO LON CUA HE SO TRUYEN DAT:
1

2 2
R
]+—]+C—2 + wR,CZ—;
R2 C[ a)chl

B=

(5.67A)
VA GOC PHA:
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wR,C, —

pp =—arcig

]+&

2

+

(5.67B)
TRONG THUC TE THUONG CHON:
TA CO:

1

oR,C,
G
¢

C,=C,=C VAR =R, =R

ﬂ - ] 2 - 2
9+(ch_j 9+(_aj
oRC a
(5.68A)
_WRC + %C Lia
VA =arct @ =arct a
Pp g 3 8
(5.68B)
TRONG PO o =——
oRC
KHI o =1 TUC LA w:a;ddzRI—C THI ¢, =0

THAY « =1 VAO (5.68A) TA BUOC

1
ﬁ=ﬁmax=§

(5.68C)
TAI TAN SO DAO PONG, MACH C
NHAT VA GOC DI PHA BANG KHONG,

HE SO TRUYEN DAT, DAT GIA TRI CUC PAT:

O HE SO TRUYEN PAT (HE SO HOI TIEP) LON
DO PO CO THE DUNG MACH CAU VIEN LAM

MACH HOI TIEP DUONG TRONG BO TAO DAO PONG RC DUNG TRANSISTOR VOI HAI

TANG KHUECH DAL

SO PO TRINH BAY TREN HINH
5.23 LA BO TAO DAO BONG RC DUNG
TRANSISTOR VOI MACH CAU VIEN
TRONG MACH HOI TIEP.

HE SO HOI TIEP DUONG P =1/3,
DO PO PE THOA MAN PIEU KIEN
CAN BANG BIEN PO, HE SO KHUECH
PAI CUA BO KHUECH DAL
K = K,.K, >3 TRONG K, K, LA HE SO
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HINH 5.23. BO TAO DAO PONG RC DUNG MACH
CAU VIEN TRONG MACH HOI TIEP.



KHUECH PAI CUA TANG THU NHAT
VA THU HAL PE TANG PO ON DINH
TAN SO TRONG MACH SU DUNG HOI
TIEP AM XOAY CHIEU TREN R., R, .

5.5.5. BO TAO DAO PONG RC DUNG MACH CAU VIEN - ROBINXON
VE NGUYEN TAC, BO TAO DAO PONG RC CO THE XAY DUNG THEO SO PO

TUONG TU NHU SO PO HINH 5.2, NEU TA THAY KHUNG DAO PONG BANG MOT BO
LOC THONG DAI THU PONG RC. KHI KHAO SAT CAC MACH LOC THU PONG, NGUOI
TA PA CHONG MINH PUGC, BO LOC THU PONG RC PO PHAM CHAT LGN NHAT BI
HAN CHE G GIA TRI 1/2. DAO BONG HINH SIN NHAN BUGC TRONG CAC BO TAO

DAO PONG NAY €O PO ON PINH TAN SO THAP. BIEU NAY PUJC SUY RA TU PAC
TINH PHA - TAN SO CUA CAC BO LOC KHAC NHAU VE TREN HINH 5.24. POI VOI BO
LOC TAN SO THAP THU PONG VGI DO PHAM CHAT Q =1/3, THI DICH PHA TAI TAN

SO BANG MOT NUA TAN SO CONG HUGNG SE VAO KHOANG 27°.

NEU DICH PHA BO SUNG BOI BO
KHUECH DAI, CHANG HAN -27°, THI
BO DAO DONG, PHU HOP VOI PIEU
KIEN CAN BANG PHA, TONG PO DICH
PHA ¢ =0, SE PUJC KICH TAI TAN SO
BANG MOT NUA TAN SO CONG
HUGNG CUA BO LOC TAN THAP. NHU
VAY BE NHAN BUGC BO ON DINH TAN
SO CAO PHAI CO MACH HOI TIEP, DAC
TINH PHA - TAN SO CUA MACH HOI
TIEP PHAI CO BO DOC LON G BIEM DI
QUA KHONG. TINH CHAT NHU VAY
TON TAI TRONG CAC KHUNG DAO
PONG CO PO PHAM CHAT CAO VA
TRONG CAU VIEN - ROBINXON. MACH

b (9)
180 —

120

60

0

-60

-120

-180

HINH 5.24. SUPHU THUOC CUA PO DICH PHA
VAO TAN SO: DUONG 1: CAU VIEN-ROBINXON;
PUGNG 2: KHUNG DAO BPONG VOI Q = 10,
PUONG 3: BO LOC THONG DAI VOI Q =1/3.
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CAU VIEN-ROBINXON PUJC TRINH
BAY TREN HINH 5.25.

KHAC VOI BO LOC THONG DAI, PAC TINH BIEN PO - TAN SO CUA HE SO
TRUYEN DAT TAI TAN SO CONG HUONG LA CUC TIEU. CAU VIEN - ROBINXON DUNG
PE TRIET TIEU TIN HIEU TAI MIEN TAN SO NHAT PINH, DIEN AP RA U,

PUCC XAC PINH THEO BIEU THUC (5.69).
1. jiQ

. U,=-U, -—————U, (5.69)
Uy R@ iR‘ 3 1+3jQ-0°
C ) ~ N N N~ 2
ju 3 PAY: Q=wRC =" GOI LA TAN SO GOC CHUAN
D 0)0
ul=c||r U% HOA.
— TUPO TA CO HE SO TRUYEN DAT:
HINH 5.25. CAU VIEN - . 1 1-07
R AU = — (5.70)
ROBINXON. 37 143jQ -0
MO-DUN CUA CO HE SO TRUYEN:
1-0?
_ (5.71)
3,(1-Q%)* +90°
GOC PHA:
¢ =arctg. 55— (5.72)
PO THI CUA 8 VA ¢ PHU THUOC VAO TAN SO BUGC TRINH BAY TREN HINH (5-

26)

TUY NHIEN, DIEN AP RA CUA CAU VIEN - ROBINXON TAI TAN SO CONG HUONG
BANG KHONG, Vi THE NO KHONG THE DUNG TRUC TIEP TRONG CAC SO PO TAO
DAO PONG. BE THIET LAP SO PO TAO DAO PONG, NGUDI TA THAY POI CAU VIEN -
ROBINXON BI POl CHUT NHUMO TA & HINH 5.27. TRI SO ¢ LA SO DUGNG NHO HON 1
RAT NHIEU. DE DANG TINH PUGC DPAC TINH PHA - TAN SO CUA CAU VIEN -
ROBINXON CAI BIEN, TAI TAN SO CAO VA THAP SO VGI TAN SO CONG HUONG U, =

o : 1
0. KHIDO DIEN APRA Up, =—U,
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(do)
90

B

0,3
45 +

0,2

0,1

HINH 5.26. DO THI BODE CUA CAU VIEN - ROBINXON

DICH PHA TAI CAC TAN SO NAY BANG g
+180°. I . R
C

N , A . T
TAI TAN SO CONG HUOGNG U, =§UV, Vi IUD
VAY bR
U- _ 1 1 U - & U Ull L® m
P 3 3+¢) Y 9oV . o - 7
HINH 5.27. CAU VIEN - ROBINXON CAI

NHU VAY TAI TAN SO CONG HUONG, PIEN
APRA U, DONG PHA VOI PIEN AP VAO U, .

BIEN

PE PINH LUONG
CAC THAM SO CUA PUONG 1 TRONG HINH 5.24, TRUGC TIEN TA VIET HAM TRUYEN
DAT CUA CAU VIEN - ROBINXON:
U, -1 (1+P*)—&P

U, 3+¢ 1+[9+&)(3+s)]|P+P?
GDAY P=p/w,: TAN SO GOC PHUC CHUAN HOA;

p= jo+o: TAN SO GOC PHUL.
BO QUA CAC £ CO BAC CAO, TA CO CONG THUC PE XAC DPINH DAC TINH PHA -
TAN SO:
3Q(Q% - 1)(3+2¢)

= arct
P 1 Gre) -9

PUONG CONG NAY PUGC VE G HINH 5.24 VOI &= 0,01. NHU TA THAY RO TUDO
THI CUA HAM NAY, PHA CUA DIEN AP RA CUA CAU VIEN - ROBINXON CAI BIEN,
TRONG MOT DAI TAN SO RAT NHO THAY DOI TU +90° +—90° . DAI NAY CANG NHO
NEU CHON & CANG NHO. VI VAY CAU VIEN - ROBINXON CO THE SO SANH VOI
KHUNG DAO BPONG CO BO PHAM CHAT CAO.
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UU PIEM CUA SO PO NAY LA: DICH PHA KHONG BI HAN CHE BOI TRI SO
+90° MA TANG LEN CHO DEN
+180°, KHI CO PO LECH TAN LON. VIEC NAY DAN DEN VIEC SUY GIAM TOT HON
POI VOI CAC HAI BAC CAO TRONG THANH PHAN CUA TIN HIEU RA.
NHUGOC BIEM CUA SO PO CAU VIEN - ROBINXON LA SUY GIAM TIN HIEU TAI
TAN SO CONG HUGNG CANG MANH KHI £ CANG NHO.
TRI SO SUY HAO TAI TAN SO CONG HUONG BANG:
U £
ﬁ =f~ 5 (5.73)
NHU VAY TRONG THI DU DANG XET, TRI SO NAY VAO KHOANG 1/900 . BE DPAM
BAO PIEU KIEN CAN BANG BIEN PO, CAN PHAI BU SUY HAO NAY BANG BO
KHUECH DAL TREN HINH 5.28 MO TA SO PO BO TAO DAO PONG VOI CAU VIEN -
ROBINXON.

NEU BO KHUECH PAI CO HE SO
KHUECH DAI VI PHAN K,, THI PE
THUC HIEN DPIEU KIEN CAN BANG
BIEN PO K,.8 =1, CAN PHAI CHON

GIA TRI €.
e=96=9/K,
NEU ¢ LON, THI BIEN BO DAO

PONG BAT PAU TANG, SU TANG  HINH 5.28. BO TAO DAO PONG PON GIAN VOI
CON TIEP DIEN CHO PEN KHI NAO CAU VIEN - ROBINXON. TAN SO CONG HUONG:

R . 1
BO KHUECH f=——-

N . _ . 272RC
DAl CHUA VAO MIEN BAO HOA.
NEU TRI SO ¢ RAT NHO, HOAC THAM
CHI LA AM, THI BO DAO DPONG
KHONG TUKICH.
TUY NHIEN, KHONG THE CHON CAC PIEN TRO R, VA R, /(2+¢&) VOI PO CHINH

XAC bU BE DAM BAO PO ON DINH BIEN DO CUA TIN HIEU, Vi THE CAC TRI SO NAY
CAN PHAI PUCC PIEU CHINH TU PONG, TUY THUOC VAO BIEN PO DIEN AP RA.
MUON THE, TRONG SO PO HINH 5.28 TA SUDUNG TRANSISTOR TRUONG T. bOI VOI
TRANSISTOR TRUONG, DIEN TRO KENH R,; CUA NO, KHI TRI SO U,s DU NHO, CHI

PHU THUOC VAO BIEN AP DIEU KHIEN U MOT PHAN DIEN AP U, DAT TREN DIEN
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TRO R,. VIEC DAU NOI TIEP DIEN TRO R, VOI R,; DE TAO RA DIEN TRO R, /(2+¢)
GIA TRI TOI THIEU CUA BIEN TRO KENH R,s BANG R,,s MO. DO PO TRI SO CUA PIEN

TRG R, CAN PHAI CHON NHO HON % R, - Rps MO.

KHI DAU NGUON NUOI CHO BO DAO PONG, PAU TIEN Uy, =0, Ry = Rps MO.
KHI THOA MAN DIEU KIEN LUA CHON TRI SO R,, THI DIEN TRG MACH NOI TIEP GIUA
DIEN TRO R, VA R, SE NHO HON (1/2).R, . KHI PO, TAI TAN SO CONG HUGONG, DIEN
AP RA U, CUA CAU VIEN - ROBINXON SE CO TRI SO BU LON. DAO PONG XUAT HIEN
VA BIEN PO BAT DAU TANG. DIEN AP RA CUA BO TAO DAO PONG PUJC CHINH LUU
BOI AP BAC 2 TREN CAC DIODE D, VA D,. PIEN AP TREN CUC CUA CUA TRANSISTOR
TRUONG TRGO THANH AM, VA TRI SO DIEN TRO R, TANG LEN, BIEN PO TIN HIEU RA
SE CON TANG CHO PEN KHI DIEU KIEN SAU DAY PUGC THOA MAN:
— Rl _ Rl
T 2+s 2+(9/K,)

HE SO MEO PHI TUYEN CUA DIEN AP RA CUA BO TAO DAO BONG PHU THUOC
VAO PO TUYEN TINH CUA DAC TINH RA CUA TRANSISTOR TRUONG. BO TUYEN
TINH NAY CO THE BUGC NANG CAO DANG KE NEU MOT PHAN DIEN AP GIUA CUC
MANG VA CUC NGUON CUA TRANSISTOR TRUONG PUGC CONG VOI CAC PIEN AP
CUC CUA. MUON VAY TA DUNG CAC BIEN TRO R;, R, TRONG SO PO. TU C; DUNG BE
NGAN DONG MOT CHIEU PEN LOI VAO N CUA TANG KHUECH DAL, DONG NAY CO
THE LAM LECH PIEM KHONG CUA DIEN AP RA. THUONG NGUOI TA CHON R; ~ R,
BANG CACH PIEU CHINH CHINH XAC TRI SO CUA PIEN TRG R, CO THE GIAM PUGC
HE SO MEO PHI TUYEN DEN GIA TRI NHO NHAT. TREN THUC TE HE SO NAY DAT
KHOANG 0,1%.

NEU R LA MOT CHIET AP, THI CO THE THAY POI TU TU TAN SO CONG HUONG
CUA SO PO. PAC TRUNG GOC QUAY CUA CAC CHIET AP CONG KEM DONG NHAT,
THI SO PO PIEU CHINH TU DONG BIEN DO DIEN AP RA CANG CAN PHAI CO HIEU
QUA HON. TRI SO CUC PAI CUA PIEN TRO R PHAI PUGC CHON SAO CHO SUT AP DO
DONG VAO TINH CUA BO KHUECH DAI THUAT TOAN GAY RA TREN NO LA KHONG
DANG KE. TRONG TRUONG HGP NGUOC LAI CO THE DAN PEN VIEC LAM SAI LECH
PIEM LAM VIEC CUA BO KHUECH DAL PE DPAM BAO KHA NANG PIEU CHINH TAN
SO TRONG GIOI HAN 1:10 THI PHAI DAU NOI TIEP VOI CHIET AP MOT PIEN TRO CO
PINH CO GIA TRI BANG R/10. NEU LAP THEM MOT BO PHAN LAM CHUYEN POI

Rps + R,

(5.74)

PIEN DUNG C THI SO O €O THE BAO MOT DAI TAN SO TU 10HZ PEN IMHZ. BE BO
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PIEU CHINH TU PONG BIEN PO KHONG GAY RA MEO NGAY CA O TAN SO THAP
NHAT, THI HANG SO THOI GIAN NAP VA PHONG CUA TU LA R.C, VA R,C, PHAI
PUCC XAC LAP LGN HON [T NHAT 10 LAN CHU KY DAO

PONG LON NHAT CUA BO TAO DAO DONG.

BIEN PO PIEN AP RA PHU THUOC VAO THAM SO CUA TRANSISTOR TRUONG T.
PO ON PINH BIEN PO KHONG THE DAC BIET CAO, Vi CO SUTHAY POI THEO DIEN
TRO KENH CUA TRANSISTOR TRUONG T, THI CAN PHAI CO MOT SUBIEN DOI NHAT
DINH CUA BIEN DO DIEN AP RA. CO THE KHAC PHUC NHUOC PIEM NAY NEU DUNG
MOT TANG DEM, DE KHUECH DAI DIEN AP DIEU KHIEN TRANSISTOR TRUONG.

SO O BO TAO DAO DONG NHUVAY TRINH BAY TREN HINH 5.29.

TU LOI RA CUA BO CHINH LUU, TRI SO TUYET POI CUA DIEN AP RA XOAY
CHIEU CUA BO TAO DAO PONG PUGC DAT LEN BO PIEU CHINH TO HOP TY LE CAI
BIEN (THUC HIEN BOI BO KHUECH DAI THUAT TOAN 2). BO DIEU CHINH XAC LAP
DIEN AP TREN CUC CUA CUA TRANSISTOR TRUONG T, SAO CHO GIA TRI TRUNG
BINH CUA DIEN AP VAO BO KHUECH PAI THUAT TOAN 2 BANG KHONG. KHI PO GIA

TRI TRUNG BINH CAC DIEN AP RA |U'r BANG DIEN AP CHUAN U,
HANG SO THOI GIAN T i
N A N 5 N C Ur C2
CUA BO DIEU CHINH CAN R
2 2. 2. Z, R
PHAI PU LON SO VGl CHU
3

KY DAO PONG, BOI Vi CJ_ KpTT Bo chinh
TRONG TRU(\)N’G HOP I [

NGUOC LAI, HE SO KHUECH

DAI CUA NO SE THAY POI T R4

Q[,JA ?UNG CHI{ KY. DIFU HINH 5.29. BO TAO DAO PONG DUNG CAU VIEN -
PO DAN DEN MEO NGHIEM ROBINXON €O BO PIEU CHINH BIEN PO TIN HIEU RA

TRONG TRONG DIEN AP RA. CHINH XAC. BIEN PO TIN HIEU: U, ~ = U
VI VAY NEN CAI BIEN MOT 2
CHUT SO PO KHUECH DAI

BANG CACH DAU SONG

SONG VOI PIEN TRO R, MOT

TU DIEN, TU NAY NGAY

cA VOI TAN SO

ch
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LAM VIEC THAP NHAT CUA BO TAO DAO PONG CUNG LAM GIAM BOT SUT AP TREN
TRO R,. KHI PO PIEM UON CUA PAC TINH BIEN PO TAN SO CUA BO PIEU CHINH
NAM DUGI DAI TAN SO LAM VIEC.

5.6. CAC MACH PIEN TAO DAO PONG XUNG

NGOAI CAC BO TAO DAO PONG DIEU HOA CON CO CAC BO TAO TIN HIEU
XUNG. KY THUAT XUNG SO BAO
GOM CAC LINH VUC KHA RONG VA QUAN TRONG CUA NGANH DIEN TU - TIN HOC.
NGAY NAY TRONG BUGC PHAT TRIEN NHAY VOT CUA KY THUAT TU DONG HOA,
NO MANG Y NGHIA LA MOT KHAU THEN CHOT, LA MOT CONG CU KHONG THE
THIEU BUOC TRONG CONG NGHE HAY KY THUAT , NANG CAO PO TIN CAY HAY
HIEU QUA CUA CHUNG.

5.6.1 KHAINIEM CHUNG

1. TIN HIEU XUNG VA CAC THAM SO

TIN HIEU PIEN AP HAY DONG DIEN BIEN BOI THEO THOI GIAN CO HAI DANG CO
BAN: LIEN TUC HAY ROI RAC (GIAN DOAN).

TUONG UNG VGI CHUNG TON TAI HAI LOAI HE THONG GIA CONG, XU LY TIN
HIEU CO NHONG DAC PIEM KY THUAT KHAC NHAU, MANG NHONG UU NHUOC DPIEM
KHAC NHAU LA HE THONG LIEN TUC (ANALOG) VA HE THONG ROI RAC (DIGITAL).
NHIEU KHI DO PAC PIEM PHAT TRIEN VA DE PHAT HUY PAY PU UU THE CUA TUNG
LOAI TA GAP
TRONG THUC TE HE THONG LAI GHEP KET HOP CA VIEC GIA CONG XULY HAI LOAI
TIN HIEU TREN.

TRONG PHAN NAY CHi DE CAP TGI LOAI TiN HIEU ROI RAC THEO THOI GIAN
GOI LA TIN HIEU XUNG.

DANG CUA TIN HIEU XUNG THUONG GAP BUOC TRINH BAY TREN HINH 5.30. TIN
HIEU €O THE LA MOT DAY XUNG TUAN HOAN THEO THOI GIAN VGI CHU KY LAP
LAI T, HAY CHI LA MOT XUNG DPON XUAT HIEN MOT LAN, XUNG CO THE CO CUC
TINH DUONG, AM, LUGNG CUC, HOAC CUC TiNH THAY DOL

CAC THAM SO CO BAN LA: BIEN PO, PO RONG XUNG, PO RONG SUON TRUGC
VA SAU, O SUT DINH.
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BIEN PO XUNG U, XAC DINH
BANG GIA TRI LON NHAT CUA DPIEN {j, t,

AP TIN HIEU XUNG TRONG THOI GIAN  Unm <_h‘t_g”
TON TAL
PO RONG SUON TRUOGC VA SAU . @
. ; , , 0 -« T —> t
(Tre VA Ts) XAC PINH BOI KHOANG  {j,
THOI GIAN TANG VA GIAM CUA BIEN
310) XPNG TRONG KHOANG GIA TRI 0,1 SR ?_U: - (b)
Uy PEN 0,9 U, - *
PO RONG XUNG Ty XAC DINH ta T;

BIEN O TREN MUC 0,1 Uy (HAY MUC
0,5 Uyy).

HINH 531 CHI RA MOT XUNG
VUONG THUC TE, VOI CAC DOAN DAC
TRUNG: SUON TRUOC, DINH, SUON
SAU. PO SUT PINH XUNG THE HIEN
MUC GIAM BIEN PO XUNG G DPOAN DINH XUNG AU.

VOI DAY XUNG TUAN HOAN, CON CO CAC THAM SO DAC TRUNG SAU (CU THE
VOI DAY XUNG VUONG):

- CHU KY LAP LAI XUNG T (HAY TAN SO XUNG f =1/T ) LA KHOANG THOI GIAN
GIUA CAC PIEMTUONG UNG CUA HAI XUNG KE TIEP NHAU.

BANG KHOANG THOI GIAN XUNG CO UI

N . ©

ol -—— T—»% t

HINH 5.30. CAC DANG TIN HIEU XUNG. DAY
XUNG VUONG (A). DAY XUNG TAM GIAC, RANG
CUA (B). DAY XUNG HAM MU, XUNG KIM (C).
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- THOI GIAN NGHI TRONG HINH U

5.30(A) LA THOI GIAN TRONG GIUA HAI Un ; \ AU
~ ~ 0,9Um
XUNG LIEN TIEP.
- HE SO LAP DAY y LA Ti SO GIUA .
,1 Um
PO RONG XUNG Ty VA CHU KY T. o —*
-—— ¢ |
T |
=7 " e
N < O
- CHU KY XUNG T =t +t,, VA |
DOPO y<I. HINH 5.31. DANG XUNG VUONG THUC
TRONG KY THUAT XUNG SO, NGUOI TE.

TA THUONG SUDUNG PHUONG PHAP SO
pOI VOI CAC TIN HIEU XUNG, QUY UGC
CHI CO HAI TRANG THAI PHAN BIET:
- TRANG THAI CO XUNG (KHOANG Ty) VOI BIEN bO LGN HON MOT MUC
NGUONG U, GOI LA MUC CAO HAY MUC “1” MUC U, THUONG PUOC CHON C3 BANG
1/2 PIEN AP NGUON CUNG CAP.

- TRANG THAI KHONG CO XUNG (KHOANG Ty;) VOI BIEN PO NHO HON MOT
MUC NGUONG U, GOI LA MUC THAP HAY MUC “0” MUC U, PUJC CHON TUY THEO
PHAN TUKHOA (TRANSISTOR, KHUECH DAI THUAT TOAN).

- CAC MUC PIEN AP RA TRONG DAI U, < Uy, < U, LA TRANG THAI CAM.

2. CHE PO KHOA CUA TRANSISTOR

TRANSISTOR LAM VIEC O CHE PO KHOA, HOAT PONG NHUMOT KHOA PIEN TU,
PONG MO MACH VOI TOC PO NHANH (TU 107°S PEN 107°S), CO NHIEU DAC DIEM
KHAC VOI CHE PO DA XET & CAC CHUONG TRUGC.

YEU CAU CO BAN VOI MOT TRANSISTOR & CHE PO KHOA LA DIEN AP G LOI RA
CO HAI TRANG THAI RIENG BIET.

e Upn2Uy KHI Uyppo< } (5.75)
UL.

o Upn<U, KHI Uyo2

UH;

CHE PO KHOA CUA TRANSISTOR PUJC XAC PINH BOI CHE PO DIEN AP HAY
DONG DIEN MOT CHIEU CUNG CAP TU NGOAI QUA MOT MACH NAO PO. VIEC
CHUYEN TRANG THAI CUA KHOA, DPUOC THUC HIEN NHO MOT TIN HIEU XUNG CO
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CUC TINH THICH HOP TAC PONG TGOI LOI VAO. CONG CO TRUONG HOP KHOA TU
PONG CHUYEN DOI TRANG THAI MOT CACH TUAN HOAN NHO MACH HOI TIEP
DUONG NOI BO, KHI PO, KHONG CAN XUNG PIEU KHIEN, SE KHAO SAT TRONG
MACH TAO XUNG TIEP SAU.

PE DUA RA NHONG DAC PIEM CHU YEU
CUA CHE PO KHOA, HAY XET MACH CU THE
HINH 5.32. MACH THUC HIEN PUJC PIEU
KIEN (5.75), KHI LUA CHON Uy, U, CUNG NHU
CAC GIA TRI R, , R. THICH HOP. BAN DAU
KHI Uy, = 0 (HAY Uy < U;), TRANSISTOR G  HINH 5.32. MACH KHOA (PAO) DUNG
TRANG THAI CAM, DONG I.. = 0, NEU KHONG TRANSISTOR.

CO TAI R;: Uy, = +E,. LUC PIEN TRG TAI NHO

NHAT R, = R; (VOI R; LA DIEN TRG VAO CUA

TANG SAU NOI

VOI LOI RA CUA SO PO), U, =(1/2)E,., LA MUC NHO NHAT CUA BIEN AP RA O MUC
TRANG THAI CAO H, PE PHAN BIET CHAC CHAN, TA CHON U, =(I/2)E, (CHANG
HAN Uy, = 2,5V KHI E. = 5V).

PHOI HOP VGI BPIEU KIEN (5.75), PIEN AP VAO NAM DUSI MUC U, (PUGC HIEU LA
DIEN AP VAO LON NHAT, BE TRANSISTOR BI KHOA CHAC CHAN U, = Uy yay), VOI
TRANSISTOR SILIC NGUOI TA CHON U, = 0,4V.

KHI CO XUNG DPIEU KHIEN CO CUC TINH DUONG DUA TOI DAU VAO Uy, = Uy
TRANSISTOR CHUYEN SANG TRANG THAI MG (BAO HOA), PIEN AP RA KHI PO
THOA MAN DPIEU KIEN Ug, < U,. PIEN TRO R. CHON THICH HGP

PE THOI GIAN QYA DO PU NHO VA DONG I. KHONG QUA LON, CHANG HAN Re =
5KQ. XAC PINH R, PE KHI Uy = Uy = 1,5V KHI BIEN AP Uy, < U, = 0,4V, MUON VAY

- E.
DONG COLECTO BAO HOA |, = R— =1mA,
C

VOI HE SO KHUECH DAI DONG B = 100, KHI PO DONG BAZO I = 100A.
DE TRANSISTOR BAO HAO VONG CHAC CHON T = 100pA CO:

1,5-0,6)V
s _(L5-06V = 9kQ
100pA
O PAY 0,6V LA DPIEN AP THONG THUAN GIUA BASE VA EMITTER CUA

TRANSISTOR.
DAC TINH TRUYEN DAT CUA SO PO VOI NHONG THAM SO NHU VAY PUGC
TRINH BAY TREN HINH 5.33.
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PE DPANH GIA MUC TIN CAY CUA Ura (V)

KHOA, TA PINH NGHIA CAC THAM  Ving- | —\ Ving &—
biohoda |>a cam
2,5 y
A
St = Usyknea - Un 576 21 St
SL = UL - Ura mo ( ’ ) UH A Vﬁng khéa
(cat dong)
SO DU TRU CHONG NHIEU ¢ MUC 1y
s o . ~ 044 Y Uce Bh
CAO S,; VA O MUC THAP §,. 02 SN ‘ Usio (V)
O DAY Ugy cion VA Uga s LA CAC UL 1 > 1t 3

PIEN AP THUC TE TAI LOI RA CUA
TRANSISTOR LUC KHOA HAY LUC
MO TUONG UNG.
VOI TRUONG HOP CU THE TREN:
Sy = 2,5V - 1,5V = 1V (LUC Uy <
Up)
S, =0,4V-0,2V =0,2V (LUC Uy > Uy)
O DAY DIEN AP GIUA COLLECTOR VA EMITTER CUA TRANSISTOR KHI BAO HOA
Ucggn = 0,2V,
NHU VAY DU TRU CHONG NHIEU POI VOI MUC CAO Sy, = 1V, CON DU TRU CHONG
NHIEU POI VOI MUC THAP S, = 0,2V.
TUCAC KET QUa TREN, CO THE NHAN XET NHU SAU:
- CO THE DE DANG PAT PUGC MUC S,, LGN BANG CACH CHON E. VA CAC PIEN
TRO Ry, R THICH HOP.
- DO S, THUONG NHO, CAN PHAI QUAN TAM DAC BIET TOI VIEC NANG CAO
TINH CHONG NHIEU VOI MUC THAP. Vi TRI SO CUA DIEN AP RA NHO NHAT
U, . =U.y, THUC TE KHONG THE GIAM DBUGC, MUON S, TANG CAN PHAI TANG

MUC U, (THEO 5.76). MUON VAY NGUOI TA PUA VAO MACH BASE MOT HOAC VAI
DIODE HOAC LA NOI VAO PO MOT MACH PHAN AP (HINH 5.34).

NHONG BIEN PHAP NEU TREN, NHAT THIET PHAI TUAN THEO KHI SUDUNG CAC
TRANSISTOR GECMANI LAM PHAN TUKHOA. BGI Vi BOI VOI CHUNG DPIEN AP BASE
- EMITTER CUA TRANSISTOR M®, TRONG NHIEU TRUGNG HOP NHO HON Ugg 5. POI
VOI SO PO HINH 5.34.A PIEN TRO R, PE NOI MACH DONG NGUOC CUA TIEP GIAP
BASE — COLLECTOR VA MACH 5.33(C) PIEN TRG R, NOI VOI NGUON AM DE
TRANSISTOR PUGC KHOA CHAC HON KHI KHONG CO XUNG PIEU KHIEN O LOI VAO.

HINH 5.33. DAC TUYEN TRUYEN PAT CUA
TRANSISTOR KHOA.
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(A)

(B)
HINH 5.34. CAC BIEN PHAP NANG CAO S,.

MOT BIEM CAN CHU Y LA KHI SUDUNG TRANSISTOR LAM PHAN TUKHOA CAN
CHU Y PEN CAC TINH CHAT PONG (QUA PO) CUA MACH VA YEU CAU CAN NANG
CAO TINH TAC PONG NHANH CUA KHOA. KHI PO BIEN PHAP CO BAN LA NGAN
NGUA HIEN TUONG BAO HOA CUA TRANSISTOR BANG CAC GIAI PHAP KY THUAT

MACH.

THONG THUONG TINH CHAT TAN SO CUA KHOA BIEU THI BOI CAC THAM SO
TRUNG BINH VE THOI GIAN TRE TiN HIEU, TRINH BAY TREN HINH 5.35.

CAC GIA TRI 1,, 1, THUONG NHO
(TU 107*S PEN 107°S) NHUNG KHONG
THE BO QUA, PAC BIET LA 1, LIEN
QUAN PEN THOI GIAN HOI PHUC
PIEN TRO NGUOC KHI CHUYEN
TRANSISTOR TU MG SANG KHOA,
KHI QUAN TAM DPEN TiNH LAM VIEC
PONG BO GIUA CAC KHOI HOAC
CAC SO PO KHAC NHAU, KHI THUC
HIEN MOT NHIEM VU XU LY
THONG TIN CU THE, DIEU NAY
CANG QUAN TRONG TRONG CAC HE
THONG PIEU KHIEN, TINH TOAN
GIUA CAC KHOI, CAC MACH. THOI
GIAN TRE TONG CONG BANG TONG
THOI GIAN TRE CUA CAC MACH
THANH PHAN. TU SO PO HINH 5.32
TA THAY RANG: MUC H NHO HON
NHIEU SO VOI PIEN AP NGUON NUOI
VA PHU THUOC RAT MANH VAO
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DIEN

TRG GANH VA TRO TAIL PE KHAC
PHUC NHUGOC PIEM NAY CUA SO PO,
CcO THE NHU MACH MO TA TREN
HINH 5.36, NGUOI TA MAC THEM
MOT MACH LAP LAI EMITTER VAO
SAU SO bO KHOA. KHI bO CAC
NHUOC PIEM PA NEU TREN PUGC
KHAC PHUC, MUC U, PUOC NANG
LEN. VOI PAC TINH DIEN DUNG CUA
GANH, KHI U, > U, T, MO BAO HOA,
PIEN AP TREN COLLECTOR CUA T,
GAN BANG KHONG, CUNG CHINH LA
DIEN AP TREN BASE CUA T,.

HINH 5.36. SO DO KHOA TRANSISTOR VOI MACH
LAP DUNG T,

DO PO DONG PHONG CUA PIEN DUNG GANH QUA MACH RA CUA SO PO (CO
QUA BASE - EMITTER CUA T, PHAN CUC NGUOC), SE RAT NHO. VAY MACH PA MAC
THEM DIODE D, DIODE NAY NOI MACH PHONG CUA PIEN DUNG GANH QUA
TRANSISTOR MO T,, SE LAM QUA TRINH X4Y RA NHANH. TUY NHIEN LUC PO PIEN
AP RA CUA KHOA TRONG TRANG THAI THAP TANG PEN 0,8V (Uy; DIEN AP THUAN
TREN DIODE BANG 0,6V VA PIEN AP MG BAO HOA U, ~ 0,2V).

TUGNG TU CO THE DUNG TRANSISTOR TRUONG FET LAM PHAN TUKHOA.

KHI LAM VIEC G CHE PO XUNG, KHUECH DAI THUAT TOAN HOAT PONG NHU
MOT KHOA DIEN TUDONG, MG NHANH, PIEM LAM VIEC LUON NAM TRONG VUNG
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BAO HOA CUA DAC TRUNG TRUYEN DAT Uy, = F(Uyso). KHI DO DIEN AP RA CO GIA
TRI MOT TRONG HAI MUC BAO HOA U’ VA U _ UNG VOI CAC BIEN PO U, bU

rmax rmax

LON. NGUYEN LY HOAT BONG CUA MOT IC KHOA PA PUCGC KHAO SAT O CHUONG
KHUECH DAI THUAT TOAN.

5.6.2. CAC MACH KHONG PONG BO HAI TRANG THAI ON PINH

CAC MACH CO HAI TRANG THAI ON PINH G PAU RA (CON GOI LA MACH
TRIGGER) LA CAC MACH SO CO HOI TIEP DUONG. NO KHAC CAC SO PO TUYEN TINH
CO HOI TIEP DUONG (HE TU DAO PONG) G CHO PIEN AP RA CUA CHUNG KHONG
BIEN POI TU TU, MA NHAY TUMOT GIA TRI PIEN AP KHONG POI NAY PEN MOT GIA
TRI KHONG POI KHAC, CHI XaY RA KHI DAT TGI LOI VAO THICH HOP CUA NO CAC
XUNG DIEN AP CO BIEN bO VA CUC TINH THICH HOP.

1. TRIGGER POI XUNG DUNG TRANSISTOR (TRIGGER RS)

HINH 5.37 TRINH BAY SO PO NGUYEN LY CUA TRIGGER RS POI XUNG. THUC
CHAT PAY LA HAI MACH PAO DUNG T, VA T, GHEP LIEN TIEP NHAU BANG CAC
VONG HOI TIEP DUONG BANG CAC CAP PIEN TROR,, R, VA R, R,.

NGUYEN LY HOAT PONG:

MACH CHI CO HAI TRANG THAI ON PINH BEN LA: T, MO T, KHOA UNG VOI MUC
DIEN APRA Q=1, Q=0 HAY T, KHOA T, MO UNG VOI TRANG THAIRA Q=0, Q=1.
CAC TRANG THAI CON LAL: T, VA T, CUNG MO LA KHONG ON DINH. KHI PONG
MACH NGUON NUOIL, QUA CAC PIEN TRO R, R,, R,, MOT DIEN AP DUONG SE PUGC
DAT VAO BASE T,, T, DO PO LUC PAU CA HAI TRANSISTOR CUNG MG, NHUNG DO
TINH CHAT DOI XUNG KHONG LY TUONG CUA MACH, CHI CAN MOT SU CHENH
LECH VO CUNG BE CUA DONG DIEN TREN HAI NHANH (I, # Iy, HAY Iy # lo),
THONG QUA CAC MACH HOI TIEP DUONG, PO CHENH LECH NAY TANG LEN
NHANH
CHONG TGI MUC SO PO CHUYEN VE MOT
TRONG HAI TRANG THAI ON DINH BEN
DA NEU TREN. (CHANG HAN DPAU TIEN Iy,
> Iy, DAN DEN I, > I, DIEN AP TREN
COLLECTOR T, GIAM XUONG, CON TREN
COLLECTOR T, TANG LEN, QUA MACH
PHAN AP R,, R, VA R, Ry DAN DEN I, >> I,
VA KET QUA LA T, MO BAO HOA, T,

HINH 5.37. TRIGGER DOI XUNG KIEU RS
DUNG TRANSISTOR
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KHOA). NEU NGUOC LAI LUC PAU I, < I,
THI DAN DEN T, KHOA T, MO. TRANG
THAI CA HAI TRANSISTOR PEU KHOA LA
KHONG XAY RA.

PE LOI RA DON TRI, TUC LA DIEN AP & HAI LOI RA PAO NHAU (MOT LOI RA
CcO MUC PIEN AP CAO, LOI RA KIA
CcO MUC DPIEN AP THAP), PIEN AP G HAI LOI VAO KHONG DONG THOI G MUC CAO,
NGHIA LA R =S = 1. PO LA TRANG THAI KHONG CHO PHEP, HAY DIEU KIEN CAM R.
S=0.

MUON CHUYEN TRANG THAL TAC PONG TGI LOI VAO CUA TRANSISTOR KHOA
MOT XUNG DIEN AP DUONG, CO BIEN bO THICH HGP.GIA SU T, MO, T, KHOA, KHI
PO PIEN AP TREN COLLECTOR T, COI NHUBANG KHONG. SO bO
PE TINH DIEN AP TAI LOI VAO R TRINH BAY
TREN HINH 5.38.

PEMO T, DIEN AP Uy ~0,6V .

RZ

MA =—2 U, =006V.
BE, R2 N R4 VR
(5.77) HINH 5.38. SO PO XAC PINH BIEN
BIEN PO XUNG DUONG TAC DUNG VAO LOI 5%0)
VAOR DIEN AP PE MG T,
R,
Uy =| 1+=% 10,6V (5.78)
RZ

TU VIEC PHAN TICH TREN, RUT RA BANG TRANG THAI CUA TRIGGER RS, CHO
PHEP XAC DPINH TRANG THAI & DAU RA CUA NO UNG VOI TAT CA CAC KHA NANG
CO THE CUA CAC XUNG & DAU VAO G BANG 5.1.

BANG 5.1: BANG TRANG THAI CUA TRIGGER RS.

PAUVAO |  DAURA 6 PAY CHI SO N THE HIEN TRANG THAI
Re | Sv |0, |Q., HIEN TAL CON CHI SO N+1 CHI TRANG THAI
o [ v [ o | o, TIEP THEO. > o ;

LOI VAO R BANG 1 THI LOI RA Q BANG
(1) (1) (1) (1) KHONG, DO PO LOI VAO R LA LOI VAO XOA
T T x| x (RESET).

CON LOI VAO S BANG 1 THI LOI RA Q BANG
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1, DO PO LOI VAO S LA LOI VAO XAC LAP HAY
LOI VAO PAT (SET).
BIEU THUC LOGIC CUA LOI RA Q:

Q,.; =S, +RnQ, (5.79)

QUA BIEU THUC 5.79, CHO THAY TRANG THAI LOI RA CUA TRIGGER RS KHONG

CHI PHU THUOC VAO TRANG THAI LOI VAO, MA CON PHU THUOC VAO TRANG THAI

TRUGC, NHU VAY MACH CO TINH CHAT NHG, DO bO PUGC SUDUNG LAM O NHG CO
THE GHI VA POC THONG TIN DUSI DANG NHI PHAN.

2. TRIGGER SMITH DUNG TRANSISTOR

DE LAT TRANG THAI O LOI RA CUA TRIGGER RS, PHAI DAT MOT XUNG DIEN AP
DUONG, CO BIEN PO THICH HOP TOI BASE CUA TRANSISTOR BI KHOA PE MG NO (G
DAY CHI XET VOI QUY UGC LOGIC DUONG).

CO THE SU DUNG CHI MOT PIEN AP VAO DUY NHAT CO CUC TINH VA HINH
DANG TUY Y VOI BIEN PO THICH HOP PE LAT TRANG THAI & LOI RA CUA TRIGGER.
LOAI MACH NAY PUOC GOI LA TRIGGER SMITH, PUJC CAU TAO TU CAC
TRANSISTOR HAY IC TUYEN TINH.

TRIGGER SMITH DUNG PE LAM BO SO SANH VOI HAI NGUOGNG, DO PO TRANH
ANH HUONG CUA NHIEU VA BUGC GOI LA BO SO SANH CO TRE. PONG THOI CUNG
PUCC SUDUNG DE BIEN BOI BIEN AP HINH SIN THANH DIEN AP XUNG VUONG CO
BIEN PO XAC PINH. VI VAY MACH PUOC DUNG PE TAO DANG XUNG TRONG
TRUYEN THONG SO.

HINH 5.39 TRINH BAY SO PO NGUYEN LY TRIGGER SMITH DUNG TRANSISTOR
VA DPAC TUYEN TRUYEN DAT CUA NO.

CO THE GIAI THICH NGUYEN LY HOAT DPONG CUA MACH NHU SAU:

XET TRUONG HOP LUC DAU DIEN AP VAO CO GIA TRI AM LON, T, KHOA, T, MO
(DO T, PUOC PHAN CUC BANG THIEN DONG CO PINH TU E. QUA R, TOI BASE CUA
NO), LUCPO U, =U cepn =U

rmin *

o+Ec Ur A
U
Rc R - rmax
R1 ¢ e
0 f
T T, U v
-+ Urmin f
R2 L

— > | —» Uy

UV ngit Uvadosng

Uv
1 A) ®)
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HINH 5.39. SO DO NGUYEN LY TRIGGER SMITH DUNG TRANSISTOR (A) VA DAC TUYEN
TRUYEN DAT (B).

TANG DIEN AP VAO, DIEN AP RA VAN GIUKHONG POI U, =U, . CHO TGI KHI

r min
Uy = Uy pongs Tt MO, QUA MACH HOI TIEP DUONG GHEP TRUC TIEP TU COLLECTOR T,
DEN BASE T,, LAM POT BIEN T, MO BAO HOA T, KHOA. PIEN AP RA LAT TRANG

THAI TO1 U, =U TIEP TUC TANG DIEN AP VAO, PIEN AP RA VAN GIU KHONG

rmax *
pOIU, =U, .

TRUONG HOP LUC DPAU DIEN AP VAO CO GIA TRI DUONG LON, T, MO,
COLLECTOR T, NOI TRUC TIEP VOI BASE T, U =Ug ~0, DO DO T, KHOA

U, =u GIAM DIEN AP VAO, DIEN AP RA VAN KHONG DOI, CHO TGI KHI Uy < Uy,

Fmax °
wir T, KHOA, QUA CAC MACH HOI TIEP DUONG, POT BIEN T, MO BAO HOA
U, =U, .. TIEP TUC GIAM PIEN AP VAO, DIEN AP RA VAN KHONG DOIL CAC GIA
TRI Uy pong, Uvneir PHU THUOC VAO CAC GIA TRIR., R, R,.

HIEN TUONG TREN CHO PHEP DUNG TRIGEER SMITH NHU MOT BO TAO XUNG
VUONG, NHO HOI TIEP DUONG MA QUA TRINH LAT TRANG THAI XiY RA TUC THOI
NGAY CA KHI Uy BIEN POl TUTU:

HINH 5.40 MO TA MOT Vi DU BIEN POI TIN HIEU HINH SIN THANH XUNG VUONG
NHO TRIGGER SMITH.

GIA TRI Uy poxg - Uynaar GOI LA PO TRE CUA CHUYEN MACH.

TRI SO CUA PO TRE CHUYEN ‘
MACH CANG NHO PO LA DIEU  Urma
MONG MUGON) NEU HIEU CUABIEN  ;  [Urmi/ "\ /\ UR max

; R . ) V déng
AP U, VAU, . CANG NHO, HAY  Urmn [ N v

\
A v /
LA KHI HE SO SUY GIAM TIN HIEU ~ Uvngi v \/’\ .
GAY RA BOIPHAN AP R, R, CANG Y
LON. TAT CA MOI CO GANG HUONG

rmin *

A Ur

HINH 5.40. GIAN pO THOI GIAN BIEN POI TIN HIEU

BEN LAM GIAM PO TRE CHUYEN  yi\y SIN THANH XUNG VUONG NHO TRIGGER
MACH PEU LAM GIAM PO SAU HOI SMITH.

TIEP DUONG VA CO THE DAN DEN

VIEC SO PO KHONG CON HAI

TRANG THAI ON DINH. KHI

R, — , SO PO BIEN THANH BO KHUECH DAI HAI TANG THONG THUONG.
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PE KHAC PHUC NHUOC PIEM TREN, NGUOI TA DUNG TRIGGER SMITH GHEP
EMITTER NHUHINH 5.41.

MACH HINH 5.41(A) LA MOT TANG KHUECH DAI VI SAI CO HOI TIEP DUONG
QUA R,, R, VA CO HOI TIEP AM DONG DIEN QUA R.. BANG CACH LUA CHON THAM
SO THICH HOP, CO THE DAT PUOC TRANG THAL: KHI SO PO LAT TRANG THAI DONG
I. CUA MOT TRONG CAC TRANSISTOR HOAN TOAN TRUYEN DEN TRANSISTOR KIA
VA TRANG THAI BAO HOA KHONG XAY RA TRONG BAT K¥Y MOT TRANSISTOR NAO.
KHI DO SO PO CHUYEN TRANG THAL THOI GIAN TRE GAN BANG KHONG, SG PO
NANG CAO PUGC TAN SO GIGI HAN CUA CHUYEN MACH.

0+Ec Ur a
Ur max -~ -
I, f
Ur ¢ T
I Ur min_| =—
— —»
R2
(A) (B) ° Uvngst Uvdéng Uv

HINH 5.41. TRIGGER SMITH GHEP EMITTER (A) VA DAC TUYEN TRUYEN DAT CUA SO PO
(B).

TRIGGER SMITH CO THE DUNG KHUECH PAI THUAT TOAN, CAC SO PO NAY DA
PUCC KHAO SAT TRONG CHUONG BO KHUECH PAI THUAT TOAN.

5.5.3. MACH KHONG PONG BO MOT TRANG THAI ON PINH

DAY LA LOAI MACH CO MOT TRANG THAI ON DINH BEN. TRANG THAI THU HAI
CUA NO CHI TON TAI TRONG MOT THOI GIAN ON PINH NAO PO PHU THUOC VAO
THAM SO CUA MACH, SAU DO LAI QUAY VE TRANG THAI ON DINH BEN BAN DAU.
VI THE MACH DUOC GOI LA TRIGO MOT TRANG THAI ON DINH HAY DA HAI DOL

1) PA HAI POI DUNG TRANSISTOR

HINH 5.42.A TRINH BAY SO PO NGUYEN LY VA HINH 5.42.B TRINH BAY GIAN bO
DPIEN AP THOI GIAN, MINH HOA NGUYEN LY HOAT PONG CUA MACH DA HAI b0l
DUNG TRANSISTOR.
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A) (B)
HINH 5.42. SO PO NGUYEN LY MACH DA HAI POI DUNG TRANSISTOR (A) VA GIAN PO
DIEN AP THEO THOI GIAN (B).
THUC CHAT MACH DIEN HINH 5.42(A) LA MOT TRIGGER RS, TRONG PO MOT
TRONG CAC PIEN TRG HOI TIEP DUONG PUGC THAY POI BANG MOT TU PIEN. NHO
DIEN TRO R NHO T, MO BAOHOA Uy, ~ Uy ~0 NEN T, KHOA.

TRANG THAI BAN PAU T, MO T, KHOA LA TRANG THAI ON DINH BEN HAY GOI
LA TRANG THAI DOL TAI THOI PIEM T = T, CO MOT XUNG DIEN AP DUONG O LOI
VAO VOI BIEN PO THICH HGP MO T,, PIEN AP TREN COLLECTOR CUA T, THUC HIEN
MOT BUGC NHAY AM TUGIA TRI E. KHI T, CAM DEN GAN BANG KHONG KHI T, MO
BAO HOA, BUGC NHAY DIEN AP NAY QUA MACH LOC THONG CAO RC DAT TOAN
BO PEN BASE CUA T, LAM DIEN AP O PO POT BIEN TUMUC THONG (KHOANG 0,6V)
PEN MUC 0,6V - E¢ ~ -E., DO PO T, Bl KHOA. KHI T, BI KHOA NGUON E. QUAR,,
QUA MACH HOI TIEP DUONG R,, R, LAM T, PUGC DUY TRI &G TRANG THAI MG NGAY
CA KHI PIEN AP LOI VAO BANG KHONG. TU C BUGC TiCH DPIEN, MACH TICH DIEN
TU+E., QUA R, C, COLLECTOR- EMITTER CUA T, XUONG DAT. TU C PUOC TICH DIEN,
DIEN AP O BASE CUA T, TANG LEN THEO QUY LUAT:

Ug =E;¢ [1 -2 exp(— Rt_CH (5.80)

VOI PIEU KIEN BAN PAU U, (t=t,)~-E,
2
VA PIEU KIEN CUOI U, (t— o) ~ +E,
T, CHI BI KHOA CHO PEN LUC T = T,, PIEN AP Uy, DAT GIA TRI +0,6V (GAN DUNG
CHO U, = 0). KHOANG THOI GIAN NAY QUYET PINH PO RONG XUNG RA Ty.
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T,-To=Tx=RCLN2~0,7RC
(5.81)

SAU KHI PIEM T = T,, T, MG VA QUA TRINH HOI TIEP DUGNG QUA R,, R, DPUA
MACH VE TRANG THAI BAN DPAU, POI XUNG VAO TIEP SAU. NHONG PIEU TRINH
BAY O TREN PUNG VOI DPIEU KIEN:

T>t, >1, (5.82)

O DAY 1, LA O RONG CUA XUNG VAO, T LA CHU KY CUA XUNG VAO. NEU
PIEU KIEN (5.82) THOA MAN THI CHU KY CUA XUNG RA BANG CHU KY XUNG VAO.

PE THUC HIEN PUOC PIEU KIEN (5.82) MACH LOI VAO CUA DA HAI BOI NGUOI
TA DUNG MACH VI PHAN PE BIEN POI XUNG LOI VAO CO PO RONG LON THANH
XUNG CO bO RONG RAT NHO.

MACH DA HAI POl PUCGC SUDUNG DE TAO RA NHUNG XUNG CO PO RONG
THEO YEU CAU KHONG PHU THUOC
VAO PO RONG CUA XUNG LOI VAO.

2) MACH PA HAI POI DUNG KHUECH PAI THUAT TOAN

HINH 5.43.A TRINH BAY MOT DANG SO PO NGUYEN LY CUA MACH DA HAI BOI
DUNG KHUECH DAI THUAT TOAN. HINH 5.43.B LA GIAN PO DIEN AP - THOI GIAN
GIAI THICH NGUYEN TAC HOAT DPONG CUA MACH. PE PON GIAN, GIA THIET
KHUECH DAI THUAT TOAN PUJC CUNG CAP BANG MOT NGUON POI XUNG +E. VA
KHI DO U, .. =, 1| =~V |- BAN PAU, PONG MACH CAP NGUON, KHI CHUA CO

r max

r min I max
PIEN AP TGI LOI VAO U, = 0, DIODE D THONG NOI DAT (BO QUA SUT AP THUAN
TREN DIODE), Uy = Uc ~ 0. DIEN AP RA Uy = Uy yax» QUA MACH HOI TIEP DUONG R,,

R, PIEN AP DAU VAO P: U, =—U

rmax *

., R N A A A L
VOl B =——"— LA HE SO HOI TIEP.
R +R,

DAY LA TRANG THAI ON PINH BEN (TRANG THAI BOI CUA MACH). TAI THOI
PIEM T = T, CO XUNG DUONG CO PO RONG XUNG RAT NHO PUA TGI PAU VAO P.
NEU BIEN DO XUNG LON HON |- AU PIEN AP LOI VAO U, = U, - Uy POI DAU,

I max
DIEN AP RA LAT TRANG THAI TU Uy = —Up yiax TOI Uy = Uy yax, QUA MACH HOI TIEP
DUONG DIEN AP LOI VAO P: U , =AU SAU THOI DIEM T, DIEN AP RA Uy yux QUA

rmax *
PIEN TRG R NAP DIEN CHO TU C LAM CHO U, = Uy TANG LEN, CHO TOI THOI BIEM T
=T, KHI DO U, > AU, ., DIEN AP HIEU U, & LOI VAO DOI DAU, DIEN AP RA DOT

BIEN LAT TRANG THAI TOI Uy = —Up yax - TRONG KHOANG THOI GIAN TU T, = T, DIEN
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AP Uy = U > 0, NEN DIODE BI PHAN CUC NGUGC, CO PIEN TRG LGN COI NHU

KHONG THAM GIA VAO MACH.
R E
:l>_ﬂ
Ura
Cy

o]

| N [
Uvao C R> Uvao
g Rj R1 D
+Eo

(A) ©

Uvao

17
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15
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|
————qr-————1H
|
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|
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|
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1
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- == _Uramin _ : : t

Uramin : : :

t 1 |
Ura — O
Ul | ! b

Uramax Uramax
t1 t2 l
(6]
t t
Ura min
-Ura min I

B (D)
HINH 5.43. SO DO NGUYEN LY DA HAI DOl DUNG KHUECH DAI THUAT TOAN KHOI PONG
BANG XUNG CUC TINH

DUONG (A) VA XUNG CUC TINH AM (C). GIAN PO THOI GIAN MINH HOA TUONG UNG (B) VA
D).

SAU THOI PIEM T = T, TU C PHONG PIEN QUA PIEN TRO R TOI LOI RA CUA
KHUECH DAI THUAT TOAN, HUONG CUA DIEN AP RA LUC PO LA -Ug yux. TU C
PHONG DPIEN CHO TOI LUC T =T, U = Uy = —0,6V ~ 0, DIODE D MO GHIM MUC DIEN
AP PAU VAO PAO G GIA TRI NAY, MACH QUAY VE TRANG THAI BAN DAU (TRANG
THAI DOI).

NEU DUNG XUNG KHOI PONG U, CO CUC TINH AM CO THE DUNG SO PO HINH
5.43.C. PO RONG CUA XUNG RA PUOC THAY POI BANG BIEN TRG R. HOAT PONG
CUA MACH PUGC MINH HOA TREN DO THI HINH 5.43.D. VGI HINH 5.43.A VA HINH
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5.43.B CHO THAY PO RONG LOI RA Ty = T, - T, CHINH LA THOI GIAN TU C NAP TU
MUC 0 DEN
MUC BUyg yax VOI QUY LUAT:

Ucwy =Unw =Y rma (1 e %) (5.83)

THAY GIATRI Ug ) =0 VAU, =, VAO (5.83) TA CO:

1 R,
t, =t,—t,=RClIn =RCln| 1+—- (5.84)
1- R,

GOI'T; - T, = Ty py LA THOI GIAN HOI PHUC VE TRANG THAI BAN DAU CUA sO
PO, LIEN QUAN DEN QUA TRINH PHONG DIEN CUA TU C TUMUC BUp yax VE MUC 0
HUONG TOI LUC XAC LAP U, =-U, .., XUAT PHAT TU
PHUONG TRINH:

t
UC(t) = UC(OO) - [UC(oo) - UC(o) ]exp[— R_Cj (5.85)

PV R
COKET QUA: t,;, =RCIn(l+ #)=RCIn| 1+—
R, +R,

(5.86)
SO SANH HAI BIEU THUC XAC DINH t, VA thoh THAY DO B < 1 NEN t, >>t

hph -
NGUOI TA CO GANG CHON CAC THONG SO VA CAI TIEN MACH PE NANG CAO PO
TIN CAY CUA MACH KHI CO DAY XUNG TAC PONG TOI PAU VAO. KHI PO CAN
TUAN THEO PIEU KIEN:
to+ty < Tvio=Tra (5.87)

Tvio LA CHU KY DAY XUNG KHOI DONG G LOI VAO. CAC BIEU THUC (5.84) VA
(5.86) CHO PHEP XAC PINH CAC THONG SO QUAN TRONG CUA MACH.

5.6.4. MACH KHONG PONG BO HAI TRANG THAI KHONG ON DINH (PA HAI)

1. PA HAI DUNG TRANSISTOR

NEU THAY THE CA HAI DIEN TRG HOI TIEP DUONG TRONG SO DO TRIGGER RS
BANG HAI TU BIEN, KHI PO NHAN
PUOC MACH DA HAI TUDAO DONG (GOI TAT LA PA HAI), SO PO NGUYEN LY PUGC
TRINH BAY TREN HINH 5.44.A VA GIAN PO DIEN AP - THOI GIAN TREN HINH 5.44.B.
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Ural

+Ec -—--

Usi th 4t b B3
0,6Vl—, /:\ A .t
o e
Ec Fel_ : :
oy :
H Re R2 Ri H Re Eéiz b
o A s o jn* i {
Urai QCZ Cl1 p Uz o : : :

I Ti ('/ Usi Us2 \I> T I 0,6V ——7\1l/M t

(b)

(A)
HINH 5.44. SO DO NGUYEN LY DA HAI TUDAO DPONG (A) VA GIAN PO DIEN AP - THOI
GIAN(B).

TRANG THAI CAN BANG CUA MACH (MOT TRANSISTOR MO, MOT TRANSISTOR
KHOA) CHf ON BINH TRONG MOT THOI GIAN HAN CHE NAO PO, ROI TU DONG LAT
SANG TRANG THAI KIA, VA NGUOC LAI. HAI TRANG THAI NEU TREN CUA MACH DA
HAI TUDAO PONG CON PUJC GOI LA CAC TRANG THAI CHUAN CAN BANG. NHONG
THAY POI CUA PIEN AP VA DONG PIEN GIUA CAC PIEM TRONG SO PO DAN PEN
MOT TRANG THAI TGI HAN NAO PO, MA TAI PAY PU NHUNG DIEU KIEN PE TU
PONG CHUYEN POT NGOT TU TRANG THAI NAY SANG TRANG THAI KIA. NEU TAC
PONG TOI MOT TRONG CAC LOI VAO MOT PIEN AP NAO PO, CO CHU KY GAN BANG
NHUNG NHO HON CHU KY CUA PIEN AP TU DAO PONG, QUA TRINH CHUYEN
TRANG THAI SE XAY RA SGM HON, TUGNG UNG LUC PO TA €O CHE PO LAM VIEC
PONG BO CUA DA HAI TU DAO PONG. PIEN AP TAC PONG VAO (CO BIEN PO VA
CUC TINH THICH HOP) GOI LA DIEN AP PONG BO. DPAC PIEM CHINH CUA CHE DO
LAM VIEC PSNG BO LA CHU KY CUA XUNG RA BANG CHU KY CUA
PIEN AP DONG BO VA bO RONG CUA XUNG RA DO CAC THONG SO RC CUA MACH
QUYET DINH.

NGUYEN LY HOAT PONG CUA MACH HINH 5.44.A CO THE TOM TAT NHU SAU:

VIEC HINH THANH XUNG VUONG O CAC LOI RA PUGC THUC HIEN NHU SAU:
pOI VOI LOI RA (1) TRONG KHOANG THOI GIAN 1, = T, - T,, CON LOI RA (2) TRONG
KHOANG THOI GIAN 1, = T, - T, NHO CAC QUA TRINH POT BIEN CHUYEN TRANG
THAI CUA SO DO TAI CAC THOI PIEM T, T,, T,.
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GIA SULUC PAU PONG MACH NGUON NUOI MOT CHIEU, HAI TRANSISTOR T,, T,
PEU MG Vi PUGC CA HAI BAZO CUA CHUNG QUA CAC DPIEN TRG R,, R, NOI VOI
NGUON +E.. Vi DU DIEN AP TREN BASE T, LGN HON DIEN AP TREN BASE T, (SU
THANG GIANG NAY CHAC CHAN XAY RA VI HAI VE CUA MACH KHONG BOI XUNG
LY TUGNG) QUA CAC MACH HOI TIEP DUONG T, POT BIEN MG BAO HOA. DIEN AP
TREN COLLECTOR CUA T, THUC HIEN MOT BUGC NHAY AM, TU +E. KHI MOI PONG
MACH (HOAC QUA TRINH TRUGC T, CAM) XUONG GAN BANG KHONG KHI T, MO
BAO HOA. BUSC NHAY AM CUA DPIEN AP QUA MACH LOC THONG CAO C,R, DAT
TOAN BO DEN BASE CUA T,, PIEN AP O BASE CUA T, NHAY POT BIEN TU0,6V LUC T,
MG PEN MUC 0,6V - E. ~ -Ec DO PO T, KHOA. T, KHOA T, MO, TU C, PA BUJC NAP
PAY PIEN TICH TRUGC LUC T, PHONG DIEN QUA T,, QUA NGUON E. QUA R, THEO
PUONG +C, - T, - R, — - C, LAM DIEN AP TREN BASE CUA T, THAY POI THEO HINH
5.43(B). PONG THOI TRONG THOI GIAN NAY TU C, PUGC NAP DIEN TU NGUON E.
THEO DPUONG +E. — R, — C, — BASE-EMITTER T, XUONG PAT LAM DIEN THE TREN
COLLECTOR CUA T, VA BASE CUA T, THAY DOI THEO HINH 5.43(B). VI CAC DIEN
TRO R,, R, >> R, DO PO QUA TRINH NAP BIEN CUA TU C, RAT NHANH SO VOI QUA
TRINH PHONG DIEN CUA TU C,. TU C, PHONG DIEN, DIEN AP TREN BASE T, TANG
DAN CHO PEN THOI BIEM T = T, DIEN AP BASE T, U, ~ 0,6V XAY RA QUA TRINH BOT
BIEN LAN THU NHAT, QUA CAC MACH HOI TIEP DUONG T, MO BAO HOA. DIEN AP
TREN COLLECTOR T, LAI THUC HIEN MOT BUGC NHAY AM TU +E. KHI T, KHOA TOI
MUC KHONG, KHI T, MO BAO HOA, QUA CAC MACH LOC THONG CAO C,R, DAT
TOAN BO DEN BASE T, LAM PIEN AP BASE T, POT BIEN TU 0,6V KHI T, MO DEN
0,6V - Ec ~ -E. LAM T, KHOA. T, MO, T, KHOA, TU C, PHONG DIEN, TU C, NAP DIEN,
TUONG TU NHU QUA TRINH DA PHAN TiCH TREN, DEN THOI BIEM T = T, THI Uy, =
0,6V. T, MO LAI XAY RA POT BIEN LAN THUHAI SO PO VE TRANG THAI BAN DAU T,
KHOA T, MO.

CAC THAM SO CHU YEU CUA XUNG VUONG G CAC PAU RA DUA TREN VIEC
PHAN TICH NGUYEN LY VUA NEU TREN, CHO THAY PO RONG XUNG 1, VA 1, LIEN
QUAN TRUC TIEP PEN HANG SO THOI GIAN PHONG DPIEN CUA TU C, VA TU C,. TA
CO:
7,=RC,In2~0,7R,C, }

(5.88)
7, =R,C,In2~0,7R,C,

NEU CHON R, = R,, C,=C,, T, GIONG T, TA CO: t,= 1, VA NHAN PUOC SO PO DA
HAI POI XUNG, NGUGC
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LAI TA CO DA HAI KHONG POI XUNG (1, # 1,). CHU KY CUA XUNG VUONG:
T=r1+r1, (5.39)

BIEN PO CUA XUNG RA GAN BANG GIA TRI CUA NGUON MOT CHIEU CUNG CAP
Ec.

TRONG THUC TE CO THE DUA RA NHAN XET NHU SAU: BE TAO RA CAC XUNG
CO TAN SO THAP HON 1000HZ, GIA TRI CUA TU C,, C, PHAI LON, CON BE TAO RA
CAC XUNG CO TAN SO CAO HON 10KHZ DO ANH HUONG QUAN TINH CUA
TRANSISTOR LAM GIAM CHAT LUONG CUA XUNG VUONG. DO PO, PE TAO RA
XUNG VUONG 6 VUNG TAN SO THAP VA CAO NGUOI TA SU DUNG KHUECH PAI
THUAT TOAN.

2. DA HAI DUNG KHUECH PAI THUAT TOAN (KPTT)
HINH 5.45.A VA 5.45B LA SO PO NGUYEN LY CUA PA HAI POI XUNG DUNG

KDTT VA GIAN DO DIEN AP - THOI GIAN GIAI THICH HOAT PONG CUA SO PO.
U=U,

Umax
Unngit
0 t
t : t
Uvdong
U, \‘\;Umax
Ungit
t1 t ) t3 I BU max
0 t
= BU,_, 1
Udﬁng
Ura,
[+
C
I p Ura2 U,
j 0 t t, ty ¢
R2 Unax
R1 L T o
-U rmax f———— ——— 3

B)
HINH 5.45. DA HAI DUNG KDTT (A) VA GIAN DO DIEN AP - THOI GIAN CUA DA HAI
DUNG KDTT (B).
O PAY SG PO GOM BO KPTT CO MACH HOI TIEP DUGNG VOI R,, R, NHU MOT
TRIGGER SMITH. DIEN AP LOI RA CO HAI GIA TRI Upyax VA ~Uppiax. DO DO DIEN AP O
LOI VAO THUAN TUONG UNG U, = BUgyax VA -BUruax.
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R < a xA ) ,
B= = lR LA HE SO HOI TIEP DUONG CUA MACH.
+

1 2

MACH HOI TIEP AM GOM DIEN TRO R VA TU C, QUYET DINH TAN SO CUA
XUNG.

NGUYEN LY HOAT PONG CO THE GIAI THICH NHU SAU: KHI PONG MACH
NGUON NUOI MOT CHIEU, GIA SUDIEN AP HIEU Uy, = U, - Uy LA DUONG, DIEN AP RA
Ur = Upyax, QUA MACH HOI TIEP DUONG DIEN AP LOI VAO THUAN Up = BUpyax, PIEN
AP Upyax O LOI RA QUA DPIEN TRG R TICH PIEN CHO TU C. TU C TICH DIEN, DIEN AP
Uy = Uc TANG CHO PEN THOI PIEM T = T,, Uy = Uc = Up = BUgniax = Ui

PIEN AP HIEU U, POI DAU, DIEN AP RA POT BIEN LAT TRANG THAI TOI Uy = -
Upuax. KHI DO DIEN AP TREN LOI VAO THUAN U, = -BUpyax, TU C PHONG DIEN TU +C
— R — LOI RA KDTT — PAT — -C. TU C PHONG DIEN, DIEN AP TREN TU C GIAM CHO
DEN THOI PIEM T =T,

Uy = Uc £ Up = -BUruax = Uvbong

PIEN AP HIEU U, POI DAU, DIEN AP RA LAI LAT TRANG THAI TOI Uy = Ugyax.
QUA TRINH TIEP TUC TAO RA XUNG VUONG TAI LOI RA, GIAN PO DIEN AP - THOI
GIAN bUGC TRINH BAY TREN HINH 5.45.B.

PHUONG TRINH VI PHAN DE XAC DINH DIEN AP Uy(T) CO DANG:

dUN :iUrmax _UN (590)
dt RC
VOI BIEU KIEN BAN DAU:  Uyro = Uvpong = -BUrmax  CO NGHIEM:
UN(t) :Urmax 1_(1+ﬁ)exp£_Lj (591)
RC

Uy SE DAT TOI NGUONG LAT CUA TRIGO SMIT SAU MOT KHOANG THOI GIAN 1
PUOC TINH THEO (5.92):

r=RC 111[1 il ﬂ} - RC 11{1 +2—le (5.92)

- 2

TUDPO TA CO CHU KY CUA XUNG RA:

T,,=2r=2RC ln(l + Z—Rl] (5.93)

2
NEU CHON R, =R, TA CO: T, =22RC

(5.94)
TUCAC BIEU THUC (5.93) (5.94) CHO THAY:
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CHU KY CUA XUNG O LOI RA CHI PHU THUOC VAO THONG SO MACH NGOAI R,
R, (MACH HOI TIEP DUGNG) VA R, C (MACH HOI TIEP AM). CAC HE THUC TREN CHO
PHEP XAC PINH CAC THAM SO CO BAN NHAT CUA MACH.

KHI THIET KE CAC MACH DA HAI CAN PO ON DINH TAN SO CAO HON VA CO
KHA NANG DPI2U CHINH TAN SO RA, NGUOI TA SUDUNG MACH PHUC TAP HON (Vi
DU BO SO SANH 2 NGUGNG, DUNG IC PINH THOI 555).

TRONG THUC TE CO TRUGNG HGP CAN NHUNG XUNG KHONG bOI XUNG. SO bO
MACH DA HAI KHONG POI XUNG BUJC TRINH BAY TREN HINH 5.46, PUJC SUDUNG
VOI DAC PIEM TAO RA KHONG DOI XUNG GIUA MACH PHONG DIEN CUA TU C QUA
R,, DIODE D, VA MACH NAP QUA R,, DIODE D, VOI R, # R, KHI PO:

R3 DZ U Ura
t N\ Ue(t)
Urnax ,
- 4
/ 7
7/ 7
Uy s / /
V ngat K—— T+ — o —— _—— —f —— —
N /7|~ / ot
V4 R A >
UVdéng———\l———__:al______
'Umax
—> T |<—‘|:2—>|

(a) (B)
HINH 5.46. MACH DA HAI KHONG DPOI XUNG (A) ; GIAN PO DIEN AP - THOI GIAN GIAI THICH
HOAT DONG CUA MACH (B).
2R
7, =R,C 1n[1 + —1)

2

7, =R,C ln[l +%J
2

KHI PO CHU KY CUA XUNG RA:

2R
T=r+7,=C(R, + R4)ln(1+R—lj (5.95)

2
DIODE D,, D, CO NHIEM VU KHOA NGAT NHANH TUONG UNG KHI NHANH KIA
LAM VIEC HOAC NGUOC LA
5.6.5. DA HAIL, DA HAI POI DUNG IC555
VI MACH DINH THOI 1C555 VA HO CUA NO BUOC UNG DUNG RAT RONG RAI
TRONG LINH VUC PIEN TU DAN DUNG CUNG NHU DPIEN TU CONG NGHIEP. VI NEU
KET HOP VOI CAC LINH KIEN RC ROI BEN NGOAI MOT CACH THICH HOP THI NO CO
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THE THUC HIEN NHIEU CHUC NANG NHU DINH THOIL, TAO XUNG CHUAN, TAO TIN
HIEU KICH HAY DPIEU KHIEN CAC LINH KIEN BAN DAN CONG SUAT NHU
TRANSISTOR, SRC, TRIAC, V.V.

TRONG PHAN NAY SE GIGI THIEU CAU TRUC, NGUYEN LY HOAT PONG CUA
1C555 VA CAC UNG DUNG CO BAN CUA NO.

1. CAU TRUC CUA IC555

HINH 5.47 TRINH BAY SO PO CAU
TRUC CUA IC555, GOM MOT MACH
PHAN AP VOI 3 PIEN TRO R (5KQ) NOI
VGOI CHAN 8. & DAY CHAN 8 BAO GOM
CA NGUON NUOI CUA CAC BO SO SANH,
CAC CONG LOGIC TRONG MACH. PIEN
AP +E. NOI VOI CHAN 8 CO GIA TRI TU
+5V + 425V TUY THEO MUC BIEN PO
CUA XUNG O LOI RA. MACH GOM HAI
BO SO SANH (1) VA (2). PIEN AP LOI
THUAN CUA BO SO SANH THU NHAT CO

HINH 5.47. SO PO CAU TRUC CUA IC —
555.

MUC PIEN AP BANG JEc, PIEN AP o]

LOI VAO PAO CUA BO SO SANH THU
S 1 A

HAI BANG gEC.LOIRA

CUA HAI BO SO SANH BUOC NOI VOI LOI VAO CUA TRIGGER RS, TRIGGER RS SU
DUNG TRONG MACH NAY DUNG CAC CONG NAND, DO PO MUC TAC PONG LA MUC
THAP. CHAN 4 PUGC NOI VOI LOI VAO CUA MOT CONG NAND CO TAC DUNG DIEU
KHIEN HOAT DONG CUA TRIGGER, PIEN AP CHAN 4 O MUC CAO (MUC “I17)
TRIGGER HOAT PONG BINH THUONG, CON DIEN AP CHAN 4 & MUC THAP (MUC “0”)

CAM TRIGO HOAT PONG. LOI RA Q CUA TRIGGER RS PUJC DUA QUA CONG NOT

TGI LOI RA G CHAN 3, PONG THOI Q QUA DIEN TRO R, NOI BASE CUA TRANSISTOR

T.
2. MACH PA HAI DUNG IC - 555.
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SO PO NGUYEN LY MACH B ——
DA HAI DUNG IC - 555 PUOC H}
TRINH BAY TREN HINH 5.48. O
DAY C, CUNG VOI DBIEN TRO R
NOI VOI NGUON +E. TAO NEN

MACH LOC THONG THAP, NHAM (
2

5

Cy

1
T s

ON PINH DIEN AP LOI VAO .

THUAN CUA BO SO SANH THU _E_S_Kfi _____________________

NHAT VA LOI VAO PAO CUA BO -

SO SANH THU HAL HINH 5.48. MACH DA HAI DUNG IC - 555.
LUC DPAU DONG MACH

NGUON NUOI MOT CHIEU, TU C

CHUA KIP NAP DIEN, DIEN AP

TREN TU U, = 0, DO PO DIEN AP

RA CUA BO SO SANH (1)Rs=l,

DIEN AP RA CUA BO

R ] e e

SO SANH (2) S« =0, DAN DEN Q=1, Q=0 VA U, = 1. TU C TICH DPIEN, MACH TIiCH
PIEN TU +E., QUA R,, P,, R,, QUA C XUONG DAT, TU C NAP PIEN VOI HANG SO TOI
GIAN: 1y = (R, + P, + R,).C. TU C NAP DIEN, DIEN AP TREN TU C TANG LEN, CHO

AL 2 A z ?. A z — ~ ~
PEN KHI UCZEEC,DIEN AP RA CUA BO SO SANH (1) R¢ =0, Q=1, Uy =0. Q=1

LAM CHO TRANSISTOR T THONG, TU C PHONG PIEN, MACH PHONG DPIEN TU +C,
QUA R,, QUA COLLECTOR- EMITTER CUA T XUONG DAT PEN —C. TU C PHONG DIEN
VOI HANG SO TOI GIAN: Tpone = (R, + Rey). C.

O DAY R LA DIEN TRO GIUA COLLECTOR VA EMITTER CUA TRANSISTOR T. TU

C PHONG PIEN PEN KHI DIEN AP TREN TU , < -E, PIEN AP RA CUA BO SO SANH
(2) Ra =0, DANPENQ =1, Q=0, Uy = 1. Q=0 TRANSISTOR T BI CAM, TU C LAI

PUGC NAP DIEN, QUA TRINH PUGC LAP LAI NHU CU. HIEN TUONG NAY TIEP DIEN
LIEN TUC VA TUAN HOAN.

) o . A . ) .
LUU Y: KHI MOl PONG PIEN NGUON TU C NAP TU 0 V PEN e SAUDO TU
. 2 oo 1 A 1 )
PHONG DIEN TU 3Ec XUONG —Ec, ROILAINAP, TU 5 Ec PEN JEc.
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THOI GIAN NAP VA PHONG CUA TU Ue (2-6)
PUOC TINH THEO CONG THUC (5.96) VA
(5.97).

+ THOI GIAN NAP: t

— naj
Taar = Taar LN 2. U, (7) P ol

Txar=0,7 (R, +P, +R,) C (5.96) /
+ THOI GIAN PHONG: /
Truong = Tenong LN2 = 0,7 (R, + Reg). C
(5.97)

Wk w|n
m
o

Ur (3)

+CHU KY CUA XUNG G LOI RA:

T = Tyar + Teuone Urmin — — — t

(5.98)
DANG TIN HIEU G CAC CUC CUA MACH
PUCC TRINH BAY TREN HINH 5.49. HINH 5.49. DANG DIEN AP TAI CAC CHAN
DO THOI GIAN PHONG, NAP KHONG CUA MACH
BANG NHAU, NEN XUNG VUONG RA DA HAIDUNG IC - 555.
KHONG BOI XUNG.

3. MACH PA HAI POI DUNG IC - 555.
HINH 5.50 TRINH BAY SO PO NGUYEN
LY CUA MACH PA HAI BOI DUNG IC - 555.

TRONG SO PO HINH 5.50, TU C, TAC DUNG CUNG PIEN TRG R TAO THANH
MACH LOC THONG THAP. BPIEN TRO R, PUGC CHON CO 10KQ, DE DPAM BAO DIEN AP

VN X , N p p 1 . A
G LGOI VAO THUAN CUA BO SO SANH (2) LON HON E¢. KHI PONG MACH NGUON

PIEN, LUC PAU TU C CHUA TICH PIEN U, =0, TU C TICH PIEN, MACH TICH DIEN
TU +Ec
QUAR,, P,, R,, QUA C XUONG PAT. TU C TICH PIEN, DIEN AP U. TANG LEN, CHO DEN

2 o A ) — I .
KHI UCZEEC,DIENAPRACUABO SO SANH (1) R¢ =0, DANPEN Q =1, U, = 0. VI

Q =1 NEN CHO TRANSISTOR T MO, TU C PHONG DBIEN QUA R,, QUA COLLECTOR -

EMITTER XUONG PAT. TU C PHONG DIEN DEN KHI U = 0. DAY LA TRANG THAI ON
DINH BEN (TRANG THAI DOI) CUA MACH.
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Cy

HINH 5.50. MACH DA HAI DOl DUNG IC - 555.

KHI CO XUNG VUONG BUA TOI LOI VAO, QUA MACH VI PHAN Cy(R, // D), O
CHAN 2 €O XUNG VI PHAN, PA HAN CHE XUNG DUONG DO TAC DUNG CUA DIODE
D. NEU BIEN PO XUNG VAO PU LON, DIEN AP RA CUA BO SO SANH (2) Rs =0, DO
PO Q=1VA Q=0, Uy = 1 BAT DPAU THOI GIAN KEO DAI XUNG O LOI RA. Vi Q=0
NEN T CAM, TU C TiCH PIEN, MACH TiCH PIEN TU +E., QUA R,, P,, R,, QUA C XUONG
DAT, TU C NAP PIEN VOI HANG SO THOI GIAN:

Taar = (R, P +Ry) C.
TU C TICH DIEN, DPIEN AP U. TANG, CHO DEN KHI u, > % E.. POI VOI BO SO

SANH (1) U, DOI DAU, DIEN AP RA R4 =0, DAN PEN Q =1, U, = 0 CHAM DUT THOI
GIAN KEO DAI XUNG O LOI RA. Vi Q =1, T MO, TU C PHONG DIEN, QUA R,, QUA T
XUONG DAT, CHO PEN KHI U, = 0, TRG LAI TRANG THAI BAN DAU.

KHI TU C TICH DBIEN, BIEN AP TREN TU C TANG THEO QUY LUAT HAM MU:

up =E, [1 - exp[— TLJ] (5.99)
nap

N N .2 N N
THOI GIAN TU NAP TUDIEN AP 0V DEN g E. PUOC TRINH BAY NHU SAU:

tX
Ug =EC£1—e ’Jz%EC

tx

- P
SUYRA: 1—-e ™ =§
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t

X

R | T
HAY LA §=e e e ™ =3

ty = Tpp 13 = Lty

t =LI(R +P +R,)C  (5.100)
TRONG MACH TREN CO THE
GIAM GIA TRI R, PEN KHONG.
GIAN PO DIEN AP - THOI GIAN
MINH HQA HOAT DONG CUA
MACH DA HAI BOI DUNG IC - 555
PUOC TRINH BAY TREN HINH 5.51.
5.6.6. BO TAO DAO PONG
BLOCKING
BLOCKING HAY GOI LA BO DAO
PONG NGHET LA MOT TANG
KHUECH DAI DON HAY DAY KEO,
cO HOI TIEP DUONG MANH QUA
MOT BIEN AP XUNG, PUGC TRINH
BAY TREN HINH 5.52, NHO

0 t, t, t, t

Uv chan2 A

0,6V

v

U A —> t, P—

Ura max

i

t

v

HINH 5.51. GIAN DO DIEN AP - THOI GIAN CUA

MACH
PA HAI BOI DUNG IC - 555.

PO TAO CAC XUNG CO PO RONG RAT HEP (CO 107 + 10°S) VA €O BIEN PO LON.

186

L
»

v

\/

\4

\4

»
»



(A)
HINH 5.52. SO DO NGUYEN LY BLOCKING TUDAO DONG (A) ;
GIAN DO DIEN AP - THOI GIAN MINH HOA HOAT DPONG CUA BLOCKING (B).

BLOCKING THUONG PUJC DUNG PE TAO RA CAC XUNG PIEU KHIEN TRONG
CAC HE THONG SO. BLOCKING CO THE LAM VIEC & CAC CHE PO KHAC NHAU: CHE
PO TUDAO PONG, CHE PO BOIL, PONG BO HAY CHE PO CHIA TAN.

HINH 5.52.A LA SO PO NGUYEN LY CUA BLOCKING TU DAO PONG, CO
TRANSISTOR T MAC EMITTER CHUNG, VOI BIEN AP XUNG T, GOM 3 CUON W, LA
CUON SO CAP, W, VA W, LA CUON THU CAP.

QUA TRINH HOI TIEP DUONG THUC HIEN TUW, QUA W,, NHO CUC TINH NGUOC
NHAU CUA CHUNG. DIEN
TRG R PE HAN CHE DONG BASE. NGOAI RA PIEN TRO R CON THAM GIA MACH
PHONG CUA TU DIEN C KHI TRANSISTOR T KHOA. DIODE D, BE LOAI BO XUNG CUC
TINH AM TREN TAI SINH RA KHI TRANSISTOR CHUYEN CHE PO TUMOG SANG KHOA.
MACH R,, D, PE BAO VE TRANSISTOR KHOI BI QUA AP. CAC HE SO BIEN AP XUNG
LA N, VA N; bUGC XAC DINH BOI (5.101).

ng=—K: n=-—=X (5.101)

QUA TRINH DAO PONG XUNG LIEN QUAN PEN THOI GIAN MG VA PUCC DUY
TRI & TRANG THAI BAO HOA NHO MACH HOI TIEP DUONG CUA TRANSISTOR. KET
THUC VIEC TAO XUNG LA LUC TRANSISTOR RA KHOI TRANG THAI BAO HOA VA
CHUYEN POT BIEN SANG TRANG THAI KHOA NHO HOI TIEP DUONG.

TRONG KHOANG THOI GIAN 0 < T < T,, T KHOA DO DIEN AP NAP TREN TU C,
(PHAN CUC NGUOC LGP TIEP GIAP BASE - EMITTER). TU C PHONG DIEN TU +C QUA
R, Ry , NGUON NUOI E. QUA CUON DAY W, TOI —C, TGI THOI PIEM T =T, , U, = 0.

TRONG KHOANG THOI GIAN T, < T < T, , KHI U. CHUYEN QUA GIA TRI KHONG,
XUAT HIEN QUA TRINH POT BIEN BLOCKING THUAN NHO MACH HOI TIEP DUONG
QUA W, , DAN DEN TRANSISTOR MG BAO HOA.

TRONG KHOANG THOI GIAN T, < T < T;, T BAO HOA SAU, PIEN AP TREN CUON
W, GAN BANG TRI SO CUA E., PO LA GIAI POAN TAO DINH XUNG, CO SUTICH LUY
NANG LUONG TU TRONG CAC CUON DAY CUA BIEN AP, TUONG UNG DPIEN AP HOI
TIEP QUA W, LA:

Uy, =—S (5.102)
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VA DIEN AP TREN CUON DAY W, LA:

U, =—% (5.103)

LUC NAY TOC PO THAY POI DONG COLLECTOR GIAM NHO, NEN SUC DIEN
DPONG CAM UNG TREN W,, W, CUNG GIAM, LAM DONG BASE GIAM THEO, DO PO
LAM GIAM MUC BAO HOA CUA TRANSISTOR T, PONG THOI TU C PUGC DONG BASE
I, NAP QUA MACH DIODE, TIEP GIAP EMITTER - BASE CUA T, R, C, CUON W,, DAT.
LUC PO I, GIAM TOI GIA TRI TOI HAN:

Ig = lgm ZI_C:ICia
s B

LUC NAY XUAT HIEN QUA TRINH HOI TIEP DUGNG THEO HUONG NGUOC LAI
(QUA TRINH BLOCKING NGUOC): T THOAT KHOI TRANG THAI BAO HOA I. GIAM
LAM CHO I; GIAM, PUA T POT NGOT SANG TRANG THAI KHOA, DONG I = 0, TUY
NHIEN DO QUAN TINH CUA CUON DAY TREN COLLECTOR, XUAT HIEN SUAT DIEN
PONG TU CAM CHONG LAI SU GIAM POT NGOT CUA DONG PIEN, DO PO HINH
THANH MOT MUC PIEN AP AM, BIEN PO LON (QUA GIA TRI CUA NGUON E.), DAY
LA QUA TRINH TIEU TAN NANG LUONG TU TRUONG DA TICH LUY TU TRUOC, NHO
DONG THUAN CHAY QUA D, R,, LUC NAY CUON W, CAM UNG DIEN AP AM LAM D,
CAM VA TACH MACH TAI RA KHOI SO PO. SAU PO TU C PHONG PIEN DUY TRI T
KHOA CHO PEN KHI U, = 0 SE LAP LAI MOT NHIP LAM VIEC MOL.

PO RONG XUNG BLOCKING TINH BUQC LA:

t, =t —t, :(R+rv).c:1nL (5.104)
ng (R, +r,)
TRONG DO R, LA PIEN TRO VAO CUA TRANSISTOR LUC MO.
TRG TAI XOAY CHIEU TREN MACH COLLECTOR:
R_=n’R, (5.105)

B LA HE SO KHUECH DAI DONG TINH CUA TRANSISTOR T.
THOI GIAN HOI PHUC T, + T, HINH 5.52.B, DO THOI GIAN PHONG PIEN CUA TU
QUYET DINH VA BPUJC XAC PINH BOI (5.106).

tyn =t —t, = Rg.C 1n(1+lj (5.106)
nB

NEU BO QUA CAC THOI GIAN TAO SUON TRUGC VA SUON SAU CUA XUNG THI
CHU KY XUNG:
T, =t, +t (5.107)
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VA TAN SO CUA DAY XUNG:
1
t + G

(5.108)

SO PO BLOCKING CO THE XAY DUNG TU HAI TRANSISTOR MAC DAY KEO, LAM
VIEC VOI MOT BIEN AP XUNG BAO HOA TU BE TAO CAC XUNG VUONG, VOI HIEU
SUAT NANG LUONG CAO VA CHAT LUGNG THAM SO XUNG TOT.

KHI BLOCKING LAM VIEC G CHE bO DONG BO CAN CHON CHU KY CUA DAY
XUNG PONG BO T, NHO HON CHU KY CUA DAY XUNG DO BLOCKING TAO RA Ty,
CON NEU G CHE PO CHIA TAN CHI CAN TUAN THEO DIEU KIEN Ty >> T, VA KHI PO
CO DAY XUNG DAU RA CO CHU KY LAP LAI LA: Ty, = NT, (HINH 5.53.A VA 5.53.B VOI
N LA HE SO CHIA.

£
o
~L
0

—Tr———777
~
\

-

TN

B e R o

it N

/

A

(A) ®)

HINH 5.53. BLOCKING O CHE PO Ty > Ty (A) VA O CHE DO CHIA TAN VOI Ty >> Ty Tan =
NTyao VOIN = 4.(B).

5.6.7. MACH TAO XUNG RANG CUA

1. KHAI NIEM VE MACH TAO XUNG RANG CUA (DAO PONG TICH THOAT)

MACH TAO DAO PONG TICH THOAT LA MACH TAO CAC XUNG CO DANG HINH
RANG CUA (XUNG TAM GIAC). XUNG NAY PUQC SU DUNG LAM TIN HIEU QUET
TRONG CAC DAO PONG KY, TRONG MAY THU HINH, MAY TINH. NO CON PUGC SU
DUNG TRONG KY THUAT PO LUONG HAY TU PONG PIEU KHIEN LAM TIN HIEU
CHUAN HAI CHIEU BIEN
PO VA THOI GIAN, CO VAI TRO KHONG THE THIEU BUGC HAU NHU TRONG MOI HE
THONG DIEN TUHIEN DAL
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HINH 5.54 DUA RA DANG XUNG TAM
GIAC LY TUGNG VOI CAC THAM SO CHU YEU
SAU:

BIEN PO RA Uy, MUC DIEN AP MOT
CHIEU BAN DAU Uy _ )= Uy, CHU KY LAP LAI
T (VOI XUNG TUAN HOAN). THOI GIAN QUET
THUAN T, VA THOI GIAN QUET NGUOC Ty HINH 5.54. XUNG TAM GIAC LY TUONG
(THONG THUONG T, >> Ty), TOC DO QUET

N e e =

TRT AT
o

R du R .
THUAN: sz—‘j[“) HAY PO NGHIENG VI

PHAN CUA DUONG QUET.
DE DANH GIA CHAT LUONG U, THUC TE SO VOI LY TUONG, CO HE SO KHONG
DUONG THANG ¢ DUJC DINH NGHIA NHU SAU:

duq(t:O) _ duq(t:tq)
U, —U
pe—dt_—_—_dt__ 0 (5.109)
Uq=0) Yg0)
dt
NGOAI RA CON CAC THAM SO KHAC NHU: TOC PO QUET TRUNG BINH:
u N ~ ~ -
Kpg = t— VA HIEU SUAT NANG LUONG:
q
umax
n E.
TUDO CO HE SO PHAM CHAT CUA U, LA :
Q=1 (5.110)

NGUYEN LY TAO XUNG TAM GIAC DUA TREN VIEC SUDUNG QUA TRINH NAP
HAY PHONG DIEN CUA MOT TU BIEN QUA MOT MACH NAO PO. KHI bO QUAN HE
GIUA DONG PIEN QUA TU VA PIEN AP TREN TU BIEN POI THEO THOI GIAN CO
DANG:

dt

TRONG DO C LA DIEN DUNG CUA TU DIEN, LA HANG SO, MUON QUAN HE U,

LA TUYEN TINH THI DONG DIEN QUA TU PHAI LA HANG SO.

lew =C. (5.111)
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CO HAI DANG XUNG RANG CUA CO BAN LA: TRONG THOI GIAN QUET THUAN U,
TANG TUYEN TINH THEO THOI GIAN NHO QUA TRINH NAP CHO TU TUNGUON MOT
CHIEU NAO PO VA U, GIAM TUYEN TINH THEO THOI GIAN NHO QUA TRINH PHONG
PIEN CUA TU BIEN QUA MOT MACH NAO PO. YEU CAU CHUNG LA T, >> Ty,

PE PIEU KHIEN TUC THOI CAC MACH PHONG NAP, THUONG SU DUNG CAC
KHOA DIEN TU (TRANSISTOR, HAY IC) PONG MO THEO XUNG PIEU KHIEN BEN
NGOAL TREN THUC TE BE ON PINH DONG DIEN NAP HAY DONG DIEN PHONG CUA
TU CAN MOT KHOI TAO NGUON DONG, KHI PO DIEN AP U, TANG HAY GIAM TUYEN
TINH THEO THOI GIAN.

VE NGUYEN LY CO BA PHUONG PHAP CO BAN SAU PE TAO XUNG RANG CUA:

A) DUNG MACH TICH PHAN PON GIAN, MACH RC LOI RA TREN C, PE NAP DIEN
CHO TU TUNGUON E HINH
5.55.A, QUA TRINH PHONG NAP BUOC MOT KHOA DIEN TUBIEU KHIEN. KHI PO PO
PHAM CHAT CUA MACH THAP, PO PHI TUYEN CAO.

Ry K
[ o
If
:)[] J= eh =[] =
Mach phéng

(a) (b)
HINH 5.55. CAC PHUONG PHAP TAO U,

LE
YE

B) DUNG MOT PHAN TU BPE ON PINH DONG KIEU THONG SO, CO PIEN TRG PHU
THUOQC VAO PIEN AP DAT TREN NO R, = f(u, ) LAM DIEN TRG NAP CHO TU C. PE
GIU CHO DONG NAP KHONG PO, DIEN TRO Ry GIAM KHI DIEN AP TREN NO GIAM
LUC DO:

g = dm 61 Erp =Iyap Ry (5.112)
td
R, LA PIEN TRG NOI CUA NGUON DONG, CO GIA TRI RAT LGN, DO PO Eqp LON
VA CHO PHEP NANG CAO U, VOI MUC MEO PHI TUYEN CHO TRUGC, HINH 5.55(B).
C) THAY THE NGUON E CO PINH O AU VAO BANG MOT NGUON BIEN POI.
e(t)=E+kU, -U,)
HAY e(t) = E+kAu, (5.113)
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VOI K LA HANG SO Ti LE NHO HON 1 VA k = ga—(t) <1 VOI HINH 5.56.A.
C
NGUON BO SUNG kAU. BU LAI MUC GIAM CUA DONG NAP NHO MOT MACH
KHUECH DAI CO HOI TIEP THAY DOI THEO DIEN AP TREN TU U, KHI PO MUC MEO

PHI TUYEN:

e:Um%(]—k) (5.114)

GIA TRI NAY THUC TE NHO VI K ~ 1. DO PO DU Uy« LON XAP Xi E LAM TANG
HIEU SUAT CUA MACH MA ¢ VAN NHO, HINH 5.56.

R —
X D E o © l -
T Tk L
K.Auc K=1 — 1+ K 3| et +
1 L ]
(a) (b)

HINH 5.56. PHUONG PHAP BOOTSTRAP TAO U,
2. MACH TAO XUNG RANG CUA DUNG TRANSISTOR
HINH 5.57 LA CAC SO PO DUNG TRANSISTOR THONG DUNG DE TAO XUNG
RANG CUA TRONG DO (A) LA SO PO
DON GIAN, (B) LA MACH DUNG PHAN TU ON DONG (PHUONG PHAP MILLER) VA (C)
LA MACH BU CO KHUECH DAI BAM KIEU BOOTSTRAP.

+Ec

R3 RE

R1 D T2

Dz

" +Ec

(A) (b)
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A) KHAO SAT SO PO HINH vEe
5.57.A. @ b

BAN PAU KHI CHUA CO TIN . H No—++cf
HIEU VAO Uy = 0, TRANSISTOR T

MG BAO HOA NHO DBIEN TRO R,.
DIEN AP RA Uy, = Uc = 0V. TRONG
THOI GIAN CO XUNG VUONG €O
cuc TINH AM (HOAC BANG
KHONG) PUA TOI LOI VAO,
TRANSISTOR T BI KHOA, TU C
DUJC NAP DIEN TU +E. QUA R, C
XUONG DAT, PIEN AP TREN TU C
TANG THEO QUI LUAT:

HINH 5.57. CAC MACH TAO XUNG RANG CUA
THONG DUNG NHAT

UC(t):EC(l—e_t/RC) (5.115)

DIEN AP RA Up,(T) = U«(T) G GAN DPUNG BAC NHAT THEO T VOI HE SO PHI
TUYEN.
1(0)—I(t U
101G U, (5.116)
1(0) Ec

VOl 1(0)~ E—R° VA I(t,) = Ec Yy ;QU . LA DONG NAP BAN DAU VA CUOL

KHI HET XUNG DIEN KHIEN (HOAC XUNG PIEU KHIEN G MUC PIEN AP CAO),
TRANSISTOR T LAI MO BAO HOA, TU C PHONG PIEN NHANH QUA T, Uy, 0V, MACH
TRG VE TRANG THAI BAN DAU. TRONG MACH, LOI VAO CO PIEN TRG R, MAC SONG
SONG VOI TU C,, PIEN TRO R, PE HAN CHE DONG BASE CUA T VA CHO THANH
PHAN TAN SO THAP QUA, TU C, BE TAC DONG NHANH TGI BASE CUA T.

TUBIEU THUC HE SO PHI TUYEN & (5.116) THAY RO, MUON SAI SO BE CAN CHON
NGUON E. LON VA BIEN
PO RA CUA XUNG RANG CUA U, NHO. PAY LA NHUOC PIEM CO BAN CUA SO PO
DON GIAN NAY.

B) VOI MACH HINH 5.57.B, TRANSISTOR T, MAC THEO KIEU BASE CHUNG CO TAC
DUNG NHUMOT NGUON DONG CO BU NHIET DO DIODE ON AP D, (G DAY DIODE ON
AP CO PIEN OP ON AP TREN 6V, CO HE SO NHIET DUONG). DONG I, ON DINH NAP
CHO TU C TRONG THOI GIAN XUNG VUONG DPIEU KHIEN LOI VAO BANG KHONG
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(HOAC CO CUC TINH AM) LAM KHOA T,, TA CO:
1 I
= —_— — = —2
U, =U.(t)= c !Iczdt C t (5.117)

MACH HINH 5.57.B CHO PHEP TAN DUNG TOAN BO NGUON E. PE TAO XUNG
RANG CUA VOI BIEN PO NHAN BUOC Uy, ~ E.. TUY VAY, KHI CO TAI NOI SONG SONG
TRUC TIEP VOI C, THI CO PHAN DONG QUA R; VA Uy GIAM, DO PO SAI SO & TANG.
PE SUDUNG TOT CAN CO BIEN PHAP NANG CAO Ry, HAY GIAM ANH HUONG CUA R,
VGI MACH RA CUA SO PO. BE THUC HIEN DUOC PIEU TREN, LOI RA DUNG MOT
TANG KHUECH DAI LAP LAI (DUNG TRANSISTOR LUGNG CUC HAY TRANSISTOR
TRUONG, KDTT), KHI PO GIAM ANH HUONG CUA TRO TAL

C) VOI MACH HINH 5.57.C, T, LA PHAN TUKHOA THUONG MG NHO DIEN TRO R,
VA CHI KHOA KHI XUNG PIEU KHIEN & MUC KHONG (HOAC CO CUC TINH AM), T,
LA TANG KHUECH DAI LAP LAI (LAM TANG DEM).

BAN DPAU KHI CHUA CO XUNG PIEU KHIEN, T, MO BAO HOA NHO PIEN TRO R,

DIODE D MO, QUA BIEN TRG R VA CO DONG |, =—C_ QUA T,, PIEN AP TREN TU

R+RD

C: U. =Ugg, =0.
O PAY R, LA PIEN TRO CUA DIODE D KHI DIODE MO. QUA T, TU NHAN bUGC
Upa = 0. TU C, NAP TOI BIEN AP U, —U_, ~ E., VOI CUC TINH NHU TRONG MACH.

TRONG THOI GIAN CO XUNG VAO AM T, BI KHOA, TU C bUOC NAP BIEN QUA D, R
LAM PIEN AP TAI DIEM M (CONG LA DIEN AP BASE CUA T,) TANG LEN, LAM T, MO,
GIA SO AU. QUA T, VA QUA C, (CO PIEN DUNG LGN) GAN NHUDUJC DUA TOAN BO
VE PIEM N BU THEM VOI GIA TRI SAN CO TAI N GIU ON DINH DONG QUA R NAP
CHO TU C.

KHI DONG HOI TIEP QUA C, VE N CO TRI SO BANG E/R THI KHONG CON DONG
QUA DIODE D, DAN TGI CAN BANG DONG, NGUON E. NHU TACH KHOI MACH, LUC
NAY TU C NAP NHO NGUON E. PUOC NAP TRUGC CHO C,,

SO PO CO UU PIEM LA BIEN PO U,, XAP Xi GIA TRI NGUON E. TRONG KHI HE SO
PHI TUYEN & GIAM VA ANH HUONG CUA TRG TAI R; MAC G EMITTER CUA T, IT ANH
HUGNG DEN QUA TRINH NAP CUA TU C.

CAC SO PO TRONG HINH 5.57 CO THE DUNG XUNG DPIEU KHIEN VOI CUC TINH
DUONG, KHI TA BO PIEN TRO R, VA CHUYEN MACH T, PUOC THIET KE G DANG
THUONG KHOA.
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CO THE TAO XUNG TAM GIAC (XUNG RANG CUA) DUNG KDTT NHU CAC MACH
TICH PHAN DONG KDTT.

5.6.8. BO TAO CAC TIN HIEU CO DANG PAC BIET (BO TAO HAM SO)
TUNHONG KHAO SAT G CAC PHAN TREN THAY RANG: KHI TAO TIN HIEU HINH SIN
TAN SO THAP, HAU NHU LUON CAN PHAI SUDUNG ON DINH BIEN PO DIEN AP RA.
PE TAO PIEN AP XOAY CHIEU CO DANG TAM GIAC PUGC THUC HIEN TREN MOT SO
PO DON GIAN HON NHO MOT BO TICH PHAN VA TRIGGER SMITH DUNG KDTT. TIEP
THEO, BANG CACH SUDUNG KHOI TAO HAM SIN TU CAC PIEN AP HINH TAM GIAC.
BANG PHUONG PHAP NAY CO THE PONG THOI TAO RA PIEN AP TAM GIAC, VUONG
GOC VA HINH SIN, CHO NEN BO TAO DAO PONG LAM VIEC THEO NGUYEN TAC NAY
CO THE PUOC GOI LA BO TAO HAM SO.

SO PO KHOI CUA BO TAO DAO t
PONG NHU VAY PUCC TRINH BAY yigger I Bo tich phan hg‘j ot
TREN HINH 5.58. M, JuR AN U s

1. BO TAO PIEN AP TAM GIAC
VA VUONG GOC PON GIAN

HINH 5.57. SO bO KHOI BO DAO PONG HAM

sO.
BO TAO DIEN AP TAM GIAC VA
VUONG GOC
GOC PUJC TAO RA BANG CACH MAC NOI
TIEP MOT BO TICH PHAN VOI MOT H
TRIGGER SMITH DUGC TRINH BAY TREN w
HINH 5.59. Uo
N . ~ ~. A . A ~ KDTT(1) KDTT(2) l
BO TICH PHAN LAY DIEN AP TREN LOI

RA CUA TRIGGER SMITH. KHI DIEN AP RA  HINH 5.59. BO TAO HINH TAM GIAC VA
CUA BO TICH PHAN DAT NGUONG LAT CUA VUONG GOC DON GIAN.
TRIGGER SMITH THI PIEN AP RA CUA

TRIGGER SMITH THAY POl MOT CACH

POT BIEN DAU CUA NO (LAT TRANG THAI

O LOI RA). PIEN AP RA CUA BO TICH

PHAN LAI

THAY POI THEO HUONG NGUOC LAIL, SU THAY POI TIEP DIEN CHO DEN KHI NAO
DAT NGUONG LAT CUA TRIGGER SMITH. BANG CACH THAY POI HANG SO TICH
PHAN RC CO THE THAY POl BUOC TAN SO CUA DIEN AP RA TRONG MOT DAI RONG,
BIEN PO CUA DIEN AP TAM GIAC U, CHI PHU THUOC VAO HAI NGUONG LAT CUA
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TRIGGER SMITH. THEO NHONG PIEU TRINH BAY TREN BIEN PO CUA XUNG TAM
GIAC:

R
U:

1

m R2 I max

O DAY Upapiax VA -Upanax LA HAI TRANG THAI LOI RA CUA TRIGGER SMITH. CHU
KY DAO PONG DAI GAP POI THOI GIAN CAN THIET PE PIEN AP RA BO TiCH PHAN
BIEN POI TU-U,,, PEN +U,,,. TUPO SUY RA CHU KY:

T=4Rcﬁ (5.118)
Ry

NHUVAY LA TAN SO CUA TiN HIEU RA KHONG PHU THUOC VAO MUC GIGI HAN
BAO HOA +Ug,uax CUA BO KDTT.

2. BO TAO HAM SO CO PIEU KHIEN TAN SO TIN HIEU RA

TRONG CAC BO TAO HAM SO, CO THE PAM BAO VIEC DPIEU KHIEN TAN SO CUA
DIEN AP RA BANG CAC PHUONG PHAP TUONG BOI BON GIAN. MUON VAY NGUOI TA
MAC NOI TIEP VOI TRIGGER SMITH MOT BO CHUYEN MACH ANALOG. HINH 5.60
TRINH BAY SO PO MINH HOA GIAI PHAP NAY.

Ry +Ue R c R R,

l‘E—’* + oy1 F; oy2 oy3

Ue>0 ﬁK ‘ 1’>1! |
D u Us
l f QRE 1 o 1
HINH 5.60. BO TAO HAM SO CO BO CHUYEN MACH ANALOG DUNG KHUECH DAI THUAT
TOAN.

TUY THEO CUC TiNH CUA TiN HIEU RA CUA TRIGGER SMITH MA TREN LOI VAO
CUA BO TICH PHAN CO DIEN AP
Up HAY -Ug. LUC PO, TOC PO TANG CUA DIEN AP U, TREN LOI RA CUA BO TiCH

PHAN BANG:
AUy =+ Y. (5.119)
At RC

NHU TRONG PHAN KHAO SAT VE TRIGGER SMITH CHO THAY: DIEN AP RA CUA
TRIGGER SMITH LAT TRANG THAI KHI BDIEN AP TAM GIAC U, VUOT HAI NGUONG

R I f s 2 A s
o IR U,,.. (OI VOI TRIGGER SMITH VOI LOI VAO PAO). TRONG SO PO NAY
1 + 2

TAN SO DAO PONG CUA MACH DIEN:
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R +R, U,
=2 e (5.120)
4R1 RC U I max
NHU VAY TAN SO DAO BONG LIEN HE VOI BIEN AP LOI VAO U,. VI VAY SO PO
NAY CHINH LA SO O BO BIEN DOI DIEN AP THANH TAN SO.
NEU TRI SO CUA DIEN AP U, CHO BANG:

U, =U, +AU, (5.121)

THI CO THE DIEU KHIEN TAN SO DIEN AP RA THAY DOI TUYEN TINH.

KHI CAN PHAI CO PO ON BPINH CAO POI VOI BIEN PO VA TAN SO TIN HIEU RA,
NGUOI TA THAY TRIGGER SMIT BANG TRIGGER SMITH CHINH XAC (TRIGGER
SMITH CO HAI BO SO SANH, TRONG IC 555).

BO CHUYEN MACH ANALOG MO TA TREN HINH 5.60 CHI CO THE LAM VIEC O
TAN SO KHONG CAO LAM. BOI VOI CAC TAN SO CAO HON 10 KHZ TOT NHAT LA
DUNG BO CHUYEN MACH TRANSISTOR HINH 5.61.

HINH 5.61. BO TAO HAM SO VGI BO CHUYEN MACH BANG TRANSISTOR.

TUY THEO TRANG THAI CUA TRIGGER SMITH MA CAC TRANSISTOR T, VA T, SE
CO PIEN AP +U, HOAC -U, DAT TREN LOI VAO CUA BO TiCH PHAN (PIEU KIEN |Uy <
Upuax).- TRONG TRUONG HOP NAY CAC TRANSISTOR LAM VIEC NHU TANG LAP LAI
EMITTER KIEU BU VA CO SUT AP TREN CAC TIEP GIAP MG BANG VAI MI-LI VON.

5.7. DUNG BO BIEN POI SO - TUGNG TU D/A PE TAO DAO PONG
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DUA TREN TIEN BO KY THUAT CUA  X()4
NHONG NAM GAN DAY, DAC BIET ﬂ
TRONG LINH VUC KY THUAT SO, NGUOI r .
TA CO THE XAY DUNG MOT MAY PHAT - W '
TIN HIEU HINH SIN DUA TREN NGUYEN

TAC XAP Xi HOA TUNG POAN KET HOP
VOl LAY MAU PEU THEO THOI GIAN
HINH 5.62.

SO PO KHOI CUA TAO DAO PONG
HINH SIN BANG PHUONG PHAP SO BUGC
MO TA TREN HINH 5.63.

HINH 5.62. XAP Xi HOA TUNG DOAN TIN
HIEU HINH SIN BANG CAC TIN HIEU BAC
THANG.

Tx — C ] DFC |—» ADC  —» LTT f——o0

HINH 5.63. SO bO KHOI CUA TAO DAO PONG HINH SIN BANG PHUGNG PHAP SO.

TRONG PO KHOI DAU TIEN LA KHOI TAO XUNG NHIP TX; C LA BO PEM
THUAN NGHICH DUNG DE MG THEO THOI GIAN GIA TRI TUC THOI CUA BOI SO; DFC
LA BO BIEN BOI TAN SO - HAM, BE TAO RA CAC GIA TRI CUA TIN HIEU HINH SIN (G
DANG SO); DAC LA BO BIEN BOI SO - TUONG TU BE BIEN POI TIN HIEU TUDANG SO
(G PAU RA CUA DFC) THANH DANG TIN HIEU TUONG TU. CUOI CUNG LA BO LOC
THONG THAP PE TU TIN HIEU TUONG TU DANG BAC THANG THANH TIN HIEU HINH
SIN.

PO MEO TIN HIEU HINH SIN PHU THUOC VAO SO LUONG MAU LAY TRONG
MOT CHU KY. NEU SO MAU LAY CANG LON (PUGC XAC DPINH BANG TAN SO XUNG
NHIP) THI HINH SIN CO PO CHINH XAC CANG CAO. TUY NHIEN PIEU NAY PHU
THUOC VAO GIGI HAN TAN SO LAM VIEC CUA CAC BO DFC VA DAC. VI VAY
PHUONG PHAP NAY KHONG THE UNG DUNG O TAN SO CAO BE TAO TIN HIEU HINH
SIN VOI O MEO NHO bUOC.
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CHUONG 6

CAC MACH DIEU CHE VA GIAI PIEU CHE

6.1. Cac khai niém vé diéu ché va giai diéu ché

Trong thuc t€ tin tic thudong 12 cdc dao dong c6 tan s6 thap (nhu tdn s6 cua séng am thanh tix
16 Hz dén 20 kHz) nén khé c6 thé truyén di xa duoc. Tin tiic & mién tan s6 thap can dugc chuyén
sang mién tan s6 cao dé truyén di xa nhd qua trinh diéu ché.

Qua trinh tao ra séng dién tir va truyén di tr mot nguén ndo d6 goi 1a qud trinh bic xa. Tir tr&

biic xa clia anten 1a R,, duoc tinh bing biéu thic:

h 2
R, = (Z) (6.1)

O day £ 1a chiéu cao hiéu dung cta anten, A 12 budc séng. Anten biic xa tot nhat khi R, =1,

néu tan s6 tin hiéu 12 10 kHz thi anten phai ¢6 chiéu cao & = A = 30 km, d6 1a diéu khong thé chap
nhan dugc trong thuc t€. Tan s6 cang cao kich thudc clia anten cang giam. D6 ciing 1a mot 1y do dé
truyén séng phai st dung tan s6 cao.

Diéu ché€ 1a mot qud trinh ghi tin tic vio mot dao dong cao tan nhd bién déi mot thong s6 nao
d6 (vi du: bién do, tan s6, géc pha, ...) ctia dao dong cao tan theo tin tic. Tin tiic dugc goi 1a tin hiéu
diéu ché, dao dong cao tdn dugc goi 1a tai tin hay 1a séng mang, dao dong cao tdn mang tin titc 1a
dao dong cao tan da dugc diéu ché.

Ngudi ta thudng phan biét hai loai diéu ché: di€u ché€ bién do va diéu ché géc, trong di€u ché
g6c gébm diéu tan va diéu pha. Khi tai tin 1a tin hiéu xung c6 di€éu ché€ PAM (bién do xung), PWM
(do rong xung), PPM (vi tri xung) thay déi theo quy luat cta tin tic. Trong thong tin s6 con stt dung
céc loai diéu ché xung ma PCM, DPCM.

Diéu ché’la qua trinh dugc thuc hién & noi phét séng. Tai noi thu, dé c6 tin tic thi phai thuc
hién qué trinh nguoc lai 12 gidi diéu ché’hay goi 1a tdch séng. Tin hiéu sau khi tdch séng phai giong
dang tin hiéu diéu ché€ ban dau. Thuc t€&, tin hiéu sau qud trinh diéu ché, truyén, giai diéu ché€ khac
v6i tin hiéu ban dau. Vi vay mot trong nhitng yéu cau co ban doi v6i qud trinh tich séng 1a yéu cau
v€ méo phi tuyén.

Tuong tng vdi cac loai diéu ché, ngudi ta cling phan biét cdc loai tdch séng sau day: tach séng
bién do (tich séng diéu bién) va tach séng tin s6 (tdch séng diéu tan).

6.2. Diéu bién va tach séng diéu bién

6.2.1. Phé cua tin hiéu diéu bién

Diéu bién 1a qua trinh 1am cho bién do tai tin bién déi theo quy luat cla tin tidc. Trong trudng
hgp don gian, cé tin tic ug va tai tin u, déu 1a dao dong diéu hoa, tdn sd cla tin tic bién thién tix

O in ~ D » €ON 1A tin c6 tan s6 khong doi o, , ta co:

ug =Ugcoswgt
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u, =U, coswt ; VOi 0, >> os.
Do d6 tin hiéu diéu bién:

u, =(U, +Ugcosmgt).coso,t =U,(1+mcosagt).cosm,t (6.2)

Trong d6 m =—>- goi la hé s6 diéu ché hay 14 do sau diéu ché. Thong thudng chon hé s6 diéu
t

ch&€ m < 1. Néu m > 1, xay ra hién tuong qué diéu ché, tin hiéu diéu bién s& bi méo trdm trong nhu

hinh 6.1.c. Ap dung bién ddi luong gidc doi vé6i biéu thitc (6.2) s& nhan duoc:
m m
uy, =U cosmt+ EUt cos(m, + mg)t + EUt cos(w, — wg )t (6.2b)

Vay ngoai thanh phén tai tin, tin hiéu di€u bién c¢6 hai bién tdn: bién tin trén c6 tan soO tir

(o, + wg,,,,) dén (o, + o, ) va bién tdn dudi c6 tan s6 tr (@, — @,

) dén (a)t - a)Smin) °

Hinh 6.1.b minh hoa phé cua tin hiéu diéu bién.

us us
(a) \ /\ . r/‘ .
o v \ t (o] O min Ogmax @
Uab Udp

o YUl ][

\/ \/ \/ \/ \/ t I O - Ogmax Op=-Og min O Ot Og may O+ Og i, ©

m<1

Udb

- PN
L/ \\\ e \\\
Mo L
N/
(©) JaYal I /\A
/ \V 7\ t
VA
\ 7/
’
__,/ \\\ ’// m >

N\
N\

1

Hinh 6.1. Tin hiéu diéu bién. Do thi thoi gian va phd tin tic (a); d6 thi thoi gian va phd tin hiéu diéu
bién (b) ; d6 thi thdi gian cha tin hiéu diéu bién, khi m > 1 (¢).

6.2.2. Quan hé nang luong giita cac thanh phan cua tin hiéu diéu bién

Trong tin hiéu diéu bién, c4c bién tdn chifa tin tic, con tai tin khong mang tin titc. D€ niang cao
hiéu qua ctia qué trinh truyén thong tin, cin xem xét niang luong dugc phan b6 nhu thé nao doi véi
céc thanh phan phd cua tin hiéu da diéu bién.

Cong suit cua tai tin 1a cong sudt trung binh trong mot chu ky cta tai tin:

1

P,~=U.
2
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2
_ PN mU
Cong suat ciia mot bién tan la: P, ~ T‘j /2
Cong sudt cia tin hiéu da diéu bién 1a cong sudt trung binh trong mot chu ky tin hiéu diéu ché:
2

P, =P +2P, = P{1 + mT 6.4)

Tix biéu thiic (6.4) cho thdy ring: cong sudt clia tin hiéu diéu bién ti 1& véi hé s6 diéu ché m. He
s6 diéu ché cang 16n thi cong suat cla tin hiéu diéu bién cang 16n. Khi hé s6 diéu ché m = 1, thi ¢6
quan hé giita cong suat hai bién tin va tai tn nhu sau:

2P, = L (6.5)
2

Dé giam méo phi tuyén ctia tin hiéu diéu bién, thi hé s6 diéu ché m thudng chon nho hon 1. Do
d6 cong suat hai bién trén thuc t€ chi bang 1/3 cong sudt cla tai tdn. Nghia 1a phan 16n cong suit
phat xa duoc phan bd cho thanh phin phé khong mang tin tic (tai tin), con cdc thanh phin phé
chtta tin titc chi chi€m mot phin nhé cong suat cta tin hiéu diéu bién, dé 1a nhuoc diém cia tin hiéu
diéu bién so véi tin hiéu don bién.

6.2.3. Cac chi tiéu co ban cua tin hiéu diéu bién

1. Hé s0 méo phi tuyén

Hé s6 méo phi tuyén ky hiéu 1 k va dugc dinh nghia nhu bi€u thiic sau:

B \/12(0),12505) + 12(zo,i3a)s) +...

k (6.6)
(o, twg)
Trong d6:
(0, tnwg) > 112 2 12 bién do thanh phan dong dién Gng v4i hai bac cao cla tin hiéu diéu ché.
I, .., labien do cia thanh phan bién tan.

Dé dac trung cho méo phi tuyén trong mach diéu bién, ngudi ta st dung dic tuyén diéu ché
tinh hinh 6.2.

Dic tuyén di€u ché tinh cho biét quan hé giita bién do tin hiéu & ddu ra va gia tri tic thoi clta
tin hiéu diéu ch€ 16i vao.

Dic tuyén diéu ché tinh ly tudng 1a dudng thang tir
C dén A. Pac tuyén diéu ché thuc t& 12 khong thang,
1am cho lugng bién ddi cta bién do dao dong cao tan & y

It A

ddu ra so vé6i gid tri ban ddu (diém B) khong ti 1¢ tuyén
tinh véi gid tri tic thoi cua dién 4p diéu ché. Do d6 trén 7
dau ra, tin hiéu di€u bién, ngoai hai bién tdn hitu ich /

con cé céc thanh phan hai bac cao khong mong mudn C =Us
khac. Trong d6, dang luu y nhat 1a cic thanh phan véi Hinh 6.2. Dac tuyén diéu ché tinh
tan sO a)[ i2a)s rat géin c4c bién tan khéng thé lOC du‘Q’C. A— glé tri cuc dai. B._ tai tin chua diéu ché

D¢ giam méo phi tuyén, cAn han ché pham vi lam viéc
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ctia bo diéu ché trong doan tuyén tinh clia dic tuyén tinh. Muén vay phai giam do sau diéu ché.
2. Hé s6 méo tdn so

Dé danh gid méo tan s6 can cit vao dic tuyén bién do - tan s6 clia bo diéu ché.

m= f(FS )| Ug=const
Hé s6 méo tin s6 dugc x4c dinh theo biéu thiic:
M =" hoge MdB =20logM 6.7)
m

Trong d6 m, 12 hé s6 diéu ché 16n nhat ; m 12 hé s6 diéu ché tai tan s6 dang xét (hinh 6.3).

Méo tan s6 xuat hién chu yéu trong céc

m
ting khuéch dai am tidn dé khuéch dai tin - -
hiéu diéu ché, nhung ciing xuét hién trong m, [m
céc ting diéu ché, sau diéu ché, khi mach ] .
loc diu ra cla cdc tidng nay khong dam bao ! Fs
dai truyén cho phé tin hiéu (2F ). Hinh 6.3. Dic tuyén bién do - tin s6 ctia bo diéu ché

6.2.4. Cac mach diéu bién

Cac mach diéu bién duoc xay dung dua trén hai nguyén tic sau day:

- Dung phén ti phi tuyén, cong tai tin va tin hiéu diéu ché trén dic tuyén cha phan ti phi tuyén.

- Dung phan tir tuyén tinh ¢6 tham s6 diéu khién dugc (dung bo nhan twong tu): nhan tai tin va
tin hiéu diéu ch€ nho phan ti truyén tinh dé.

Dé thuc hién diéu bién theo nguyén tic thit nhat, c6 thé ding moi phan tit phi tuyén, nhung néu
diing transistor thi ciing vé6i diéu bién con c6 thé c6 khuéch dai tin hiéu. Vé mach dién nguoi ta
phan biét cdc loai mach diéu bién: mach diéu bién don, mach diéu bién can bang, mach diéu bién
vong.

1. Cdc mach diéu bién don

Cac mach diéu bién don 1a mach chi ding mot phan tir tich cuc dé diéu ché.

Mach diéu bién don ding phan tir phi tuyén, tiy thudc vao diém lam viéc dugc chon trén dic
tuyén phi tuyén, hdim s6 dic trung cho phan tir phi tuyén cé thé biéu dién gin ding theo chudi
Taylor khi ché do 1am viéc ctia mach 1a ch€ do A, tuong dng géc cat 0 = 180° hodc phan tich theo
chuéi Fourier, khi ch€ do 1am viéc clia mach 1a ché€ do AB, B, C tuong tng 0 < 180°.

a) Truong hop 1: 6 = 180° mach diéu bién diung diode hinh 6.4. 0 day dién dp mot chiéu E,
phan cuc thuan cho diode, thudng chon diém 1am viéc ban dau & gan diém u6n cha dic trung Von-
ampe cia diode. Néu cac tin hiéu vao thoa man diéu kién (6.8) thi mach lam viéc & ché€ do A:

U +[Us| <|E,| (©63)
Ham s6 dac trung cho phan tir phi tuyén xung quanh diém lam viéc bi€u dién chudi Taylor:
i, =au,+au, +au, +.. (6.9)
Véi u,=E +U, cosawt+U;cosagt

Thay uy, vao biéu thic (6.9) ta duoc:
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i, =a,(E,+U, coswt+Ucoswgt)+ a,(E, +U,cosmt+Ugcoswgt)’ +
+a,(E, +U, coswt+Ugcoswgt)’ +... (6.10)
Khai trién biéu thitc 6.10 bd qua cdc s6 hang bac cao n > 4, ¢ két qua ma phé ctia né duoc
biéu dién trén hinh 6.4.c. Phé cia tin hiéu diéu bién trong trudng hop nay gém thanh phén hitu ich
(m,* wg) cdn ¢6 cdc thanh phan phu khong mong muon. Céc thanh phan phu nay bang khong khi:

aG=a;,=as=..=d5,,=0. (n=1,2,3,..)

)
[

m 0
Wy
a) b)
VA
LI
t
3
] oy
u)-?: 3-:,: ,_.:7"? wy 5o
- <83 L + 3 - S§3$93
\L'_-,:"‘- f?la e+‘§1 |_;_,N+‘_‘+
ST 3 ~ + 2 S g
a3 ~ 2 3 SIS S S
C) LT 1] L3 B
l l ! l |

1
I

Hinh 6.4. Diéu bién & ché do A. Mach dién dung diode (a). Dac tuyén cta diode,
dé thi thoi gian ciia tin hiéu vao/ ra (b). Phd ctia tin hiéu diéu bién don 1am viéc & ché do A (c).

Nghia la néu dudng dic tinh clia phan tir phi tuyén 1a mot duodng cong béc hai thi tin hiéu diéu
bién khong bi méo phi tuyén. Phan tt phi tuyén cé dac tinh gan vé6i dang 1y tudng la transistor
trudng (FET).

D€ thdoa man mach lam viéc & ch€ do A, thi tdi tin va tin hiéu diéu ché phai nho, nghia 1a phai
han ch€ do sau diéu ché, dan dén han ché& cong suat phat tin hiéu diéu bién. Vi Ii do d6 nén it khi
dung diéu bién & ché do A.

b) Truong hop 2: 0 < 180°, tdc 1a mach lam viéc & ché do AB, B, C. Néu bién do dién dp dat
vao diode du 16n, thi c¢6 thé coi dac tuyén ctia né 1a mot dudong gdp khiic hinh 6.5.a. Phuong trinh
biéu dién dic tuyén cta diode trong trudng hop ndy nhu sau:

{O khi u, <0
I, = , 6.11)
SU, khiu, >0
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S: H6 dén truyén dat

Chon diém 1am viéc ban dau trong khu cdm cta diode, tifc 12 vé6i dién 4p phan cuc ngugc cho
diode (ting vé6i ché do C). Dong qua diode khi d6 12 mot xung hinh sin hinh 6.5, nén c6 thé biéu
dién dong ip theo chudi Fourier nhu sau:

ip=1,+i;,+i,+i;+..

p=1,+1 coswt+1,co82wmt+..+1, cosnw,t (6.12)
iD D
0
0 D

'[ ﬁC T
O
os]

“7 LT

Hinh 6.5. Diéu bién & ché do C (tin hiéu vao 16n).
Dic tuyén cua diode, do thi thoi gian cua tin hiéu vao/ ra (a). Mach dién diéu ché (b).
Trong d6 I, 1a thanh phan dong mot chiéu, I, 1a bién do thanh phan dong dién co ban déi véi tai
tin, I,, I ... 1a bién do thanh phan dong dién hai bac cao cua tai tin:

I, I,, I, ... I, duoc tinh theo biéu thitc xac dinh hé s6 ctia chudi Fourier.

1 o 3
I, :—jiD.dwtt
7 o
2 4
I, :—IiD.cosw[t.dw,t L
P
? (6.13)
2
I, =—IiD.cosna)tt.da),t J
Theo biéu thiic 6.11:
I,=8U,=8(E,+Ugcosast+U, cosm,t) (6.14)
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Khi ot =0 thii, =0, do d6 ta c6 thé viét biéu thiic 6.14 nhu sau:

0=S(E, +U,coswgt+U, cos8) (6.15)
Lay biéu thic (6.14) trilx (6.15) ta c6:
i, =SU,(cosw,t—cos@) (6.16)

Biéu thic (6.16) 1a mot dang khac ctia (6.14) né biéu dién su phu thudc clia iy, vao ché do cong
tdc (goc cit 0). Thay biéu thitc (6.16) vao (6.13) xéc dinh duoc cac bién do dong dién 1, 1, ..., I,.
Trong d6 bién do ctia thanh phan co ban (thanh phan cé ich):

2 ¢ SuU 1
I, :—jS.Ut(coswtt—cosH).cosa)[t.da),t =— ’(9——sin29j (6.17)
e V2 2
Do d6 gi4 tri titc thoi ctia thanh phéan co ban:
SU 1.
i, = —’[9 ——sin 26’).cos ,t (6.18)
T 2

Tir bi€u thiic (6.15) ta xdc dinh dugc:
E +Ugcoswgt
U

Tix biéu thic (6.18), (6.19) bién do cha thanh phin dong co ban ti 1¢ véi tin hiéu diéu ché Us.

cosf =— (6.19)

t

2. Diéu bién diung phdn ti tuyén tinh cé tham so thay doi

Thuc chat cua qua trinh nay 1a qué trinh nhan tin hiéu. Bo nhan tuong tu hinh 6.6 dugc st dung
dé diéu bién thugc loai nay.

Trong mach dién quan hé gitta dién 4p ra us va dién dp vao u, 1a quan hé tuyén tinh. Tuy
nhién khi u; bién thién thi diém lam viéc chuyén tir dac tuyén nay sang dic tuyén khac, 1am cho
bién do tin hiéu ra thay doi dé c6 diéu bién.

Cin cit vao tinh chat chia mach nhan ta viét biéu thic dién 4p ra:

ugs=(E, +Ugcosmgt).U, cosm,t

UIUS tUS

hoac uzs=E U, cosm,t+ cos(m, +g).t + cos(m, —wg).t (6.20)

Eo Us U
S3

Uap
(: ) ( ) Uap Us,
K
C Us,

Ut Ut

@ (b
Hinh 6.6. Diéu bién ding bo nhan tuong tu (a) va dac tuyén truyén dat (b).
Phé cua tin hiéu diéu bién dung bo nhan tuong tu gém c6 tai tin va hai bién tan.

Mach nhan tuong tu con diing trong diéu ché€ s6 ASK, FSK, PSK. Trong d6 tin hiéu diéu ché 1a
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tin hiéu s6, séng mang Ia tin hiéu diéu hoa, 12 mot phan quan trong trong MODEM ghép v6i may
tinh hodc céc thiét bi s6 dé truyén tin hiéu s6 trong mang dién thoai cong cong.

3. Mach diéu bién cin bang

Nhu da xét & trén, d6i véi cdc mach diéu bién don ding phan tir phi tuyén, dong dién ra tai
ngoai thanh phén hitu ich (cdc bién tn) con c6 nhiéu thanh phan khong mong mudén khdc (tdi tin va
cac hai bac cao). D6 1a dac diém co ban ctia mach diéu bién don.

Trong trudng hop dung transistor ludng cuc, transistor trudng, dén dién tir dé diéu bién, ngudi
ta phan biét céc loai diéu bién sau day: diéu bién base, diéu bién collector, di€u bién clra, diéu bién
madng, di€u bién anot, diéu bién luéi ... Cac loai diéu bién c6 tén goi twong ting v6i cuc ma dién dp
diéu ché dat vao.

C4c mach diéu bién c6 thé phan loai theo mach dién, ché do, vu nhugc diém v.v.

Dé giam méo phi tuyén, dung mach diéu bién can bang. Trén hinh 6.7 trinh bay mach diéu

bién can bang dung diode va transistor ludng cuc.

Ly o
1 L1

Cs

Lood

g 9
] +
— e"
S &

0 w; 3w o, 30, o, o, +3w; 20, ©
(©)
Hinh 6.7. Mach diéu bién can bang:
Dung diode (a). Dung transistor (b). Phd ctia tin hiéu diéu bién (c).

.
Lt

Trén hinh 6.7.a, dién dp dit 1én céc diode D, va D, 14n lugt:

u, = Ugcosmgt+ U, coso,t
(6.21)
u, =-Ugcosawzt+U,cosm,t
Dong dién qua cac diode dugc biéu dién theo chubi Taylor:
. 2 3
i, =a, +au, +au’ +au +.. } 622
i, =—a,+au,+a,u; +a,u +..
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Dong dién ra i=1i,—i, (6.23)
Thay 6.21 va 6.22 vao 6.23 va chi 14y bon vé dau, ta nhan duoc biéu thitc dong dién ra:

i=Acoswgt+ Bcos3wgt + C[cos(a), + )t +cos(w, — )t]+

+ D[cos(2wt +wg)t+cosLw, —wy )t] (6.24)
Trong do:
A :US(2(11 +3a,U;} +%a3U§j
1
B= EasUs ; C=2a,U, (6.25)
D= ia,USU,
5 ¢

Tuong tu nhu vay c6 thé chiing minh két qiia cho mach diéu bién can bang dung transistor hinh

6.7.b.

4. Mach diéu bién vong
Mot dang khéac clia mach diéu bién can bang 1a mach diéu bién vong, thuc chat day 1a hai

mach diéu bién can bang ¢6 chung mot tai. Khi d6 tin hiéu diéu bién da loai bo duge nhiéu thanh

phan phu khong mong mudn.
So d6 mach diéu bién vong duogc trinh bay trén hinh 6.8.

D1
™~ .
INVE L S S
Cs | +
Us Uao ) )
D4
Cs
T ™
L1
D2
I~ } >
& 0 o, (2
Ut

@ (b)

Hinh 6.8. Mach diéu bién vong (a) va phd tin hiéu ra (b).
Goi dong dién ra cia mach diéu bién can bang gém D;, D, 12 i;, va dong dién ra clia mach dién
can bang gém céc diode Ds, D, 1a iy Theo biéu thiic 6.24 ta ¢6 :
i, = Acoswgt + Bcos3wgt + C[cos(aJt + wy )t + cos(w, — wg )t]+

+D[cos(2a)t + @ )t +cos(2w, — wg )t] ; (6.26)
iy =ipy—ip, (6.27)

Trong do:
ins =a, +au, +au; +agu; +... } 6.28)

— 2 3
Ip, =a,+au, +au, +au; +..
Véi u; va u, la dién 4p dat 1én D, va D, dugc x4c dinh nhu sau:
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u, =-U, cosw,t —Ug cos agt }

u, =-U, cosw,t+U,cosmgt (6:29)
Thay bi€u thiic (6.28) va (6.29) vao (6.37) ta dugc:
i, = —Acos oyt — Bcos3wt + Cleos(w, + wg )t +cos(w, — wg)t]—
- D[cos(za)t + )t + cosLw, — wy )t] (6.30)

Céc gid tri ctia A, B, C, D trong hai biéu thic (6.26) va (6.30) duoc xéc dinh trong biéu thic
(6.25).
T biéu thic (6.26) va (6.30) ta dugc :
i, =i, +i, = 2C[cos(®, + o)t + cos(®, — o )t] (6.31)
Nhu vay 1a sir dung mach diéu ché vong da khir dugc céc hai bac 1€ clia wg, va cdc bién tan clia
20, do d6 do méo phi tuyén rat nho. Mach diéu ché vong ciing c6 thé coi nhu mach nhan.
6.2.4. Tach song bién do (giai diéu ché bién do)
1. Cdc tham so co bdn
a) Hé so'tdch séng.
Tin hiéu vao clia bo tdch séng 12 tin hiéu cao tin da diéu bién:
Uy =U s (t)COS @t = U(w) cosw,t
Trong d6 Uy bién thién theo quy luat cla tin tiic.
Bién do tin hiéu ra cua bo tich séng:
Ugrs(t) = KrsUyrs
O day Ko 12 hé s6 ti 1¢ va duoc goi 1a he sd tich séng.
— URTS (t)
UVTS (Z)
Trong d6 Ugpg(t) va Uyrg(t) déu gém c6 thanh phan mot chiéu va thanh phan tin s6 thap (ti 1&
véi tin tic)
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Uys(t)=U, +ug
Urprs () =U, +ug
Dai v6i qud trinh tach séng, chi can quan tam dén cdc thanh phén tan s6 thap (mang tin tdc),
do d6 thuong xac dinh hé s6 tach song nhu sau:

K, =2 (6.32)

Trong d6 uy va uS dac trung cho thanh phan tan s6 thdp ti 1& véi tin tic & 16i ra, va 16i vao
ctia bo tach séng.

Hé s6 tach song cang 16n thi hiéu qua tach séng cang cao. Néu trong qué trinh tdch séng
K5 = const, nghia 1a hé s6 tdch séng chi phu thuoc vao mach tdch séng, ma khong phu thudc vao

bién do dién ap vao, thi u s ti 1& véi uS Do d6 dién ap ra ctia bo tich séng bién thién cing quy
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luat véi bién do dién dp vao. Lic d6 bo tich song khong gay méo phi tuyén va duogc goi 1a bo tach
song tuyén tinh.

b) Trd khdng vao cua b tdch séng 1a ti s6 gitta bién do dién dp cao tan va bién do dong dién
cao tdn & 16i vao cta bo tich séng.

U
Zy = Ynss _ 2 (6.33)

I VTS I ()
Tri s6 cua trd khdng vao cta bo tdch séng cho biét anh hudng clia bo tdch séng dé€n nguén tin
hiéu vao.
Thong thuong mach vao ciia bo tach séng gém cdc phan tir dién khdng, do d6 gita dién dp va
dong dién c6 dich pha: vi vay tré khang vao 1a mot s6 phic:
1 1

z — (6.34)

vrs = = B
Yirg  8vrs + Jbyrs

gyrs 1am gidm hé s6 phdm chat clia mach ra nguén tin hiéu, cdn by 1Am thay déi tan s6 cong hudng
riéng ctia né.

¢) Méo phi tuyén

Giong nhu bo khuéch dai, méo phi tuyén ctia bd tach séng duoc xac dinh nhu sau:

Lo+1, +..
y= s s .100% (6.35)
Iﬂ)
'S
Trong d6 [ o5 1 205 lan luot 1a bién do thanh phan dong dién bac nhat, bac hai ... cla tin

hiéu diéu ché.

O day khong cdn quan tam dén cdc dong dién cao tin (tai tAn va hai bac cao clia nd) vi trong
mach dién ctia bo tich séng dé& dang loc bo céc thanh phan nay.

2. Mach dién bo tdach song bién do

Ciing tuong tu nhu trong phan diéu ché bién do. Dé tach song bién do c6 thé dung hai phuong
phdp 1a: dung c4c phan tit phi tuyén hodc 1a diing céc phan tir tuyén tinh c6 tham s6 thay déi duoc.

Tach s6ng bién do diing cdc phén tir phi tuyén dugc thuc hién nhd mach chinh luu.

a) Tdch séng bién do bdang mach chinh liu.

C6 hai so d6 tdch s6ng ding mach chinh luu: so d6 tich séng noi ti€p va so do tich séng song
song. Trong so d6 tdch séng ndi ti€p hinh 6.9.a, diode tdch séng dugc méac noi ti€p vdi tai, con trong
so d6 tdch séng song song diode tach séng mac song song véi tai hinh 6.9.b.

C

2 I
- LA L L
Uy =Us c T R U, Un|=Us Diz Rd] U,

(a) (b)

Hinh 6.9. So d6 tach séng bién do bing mach chinh luu; T4ch séng néi tiép (a) ; tach séng song song (b).

Néu tin hiéu vao du 16n, sao cho diode 1am viéc trong doan twong déi thang clia dic tuyén, khi
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d6 c6 thé coi dic tuyén ctia diode nhu mot dudng gap khic nhu trén hinh 6.10.a thi ta ¢6 qua trinh
tdch séng tin hiéu 16n. Pac trung V-A cia diode duoc biéu dién theo phuong trinh 6.36.

. SMD Khiup >0
'» 7 Khi up <0 (6.36)

Trong céc so d6 cla hinh 6.9, diode chi thong d6i vé6i nira chu ky duong ciia dao dong cao tan
& dau vao. Hinh bao ctia dao dong cao tdn nhan dugc nhd sy phong nap cua tu C (hinh 6.10).
Sau day ta s€ phan tich va tinh todn d6i vé6i so do tach séng ndi ti€p hinh 6.9(a).
Theo biéu thiic (6.36) ta viét dugc biéu thic dong dién qua diode.
in =S8y, —uc) (6.37)

N

va uy = U, (1+mcosmgt)cosm,t (6.38)

hoic  u, =U, coso,

Trong d6 Ug= U, (1+mcosngt) (6.39)
Thay bi€u thiic (6.38) vao (6.37) ta c6:

i, =S(U, cosm,t—u) (6.40)
Biét rang khi @, = @ thi i, = 0 thay vao (6.40) ta dugc (6.41)

0=S(U, cosO—-u,) (6.41)

Tix biéu thic (6.41) suy ra géc dan dién clia diode

080 = —C_ (6.42)

~\\\ \\ ,//ﬂ /\)\\
/\ i t
o g

Hinh 6.10. Quad trinh tdch séng tin hiéu 16n nhd mach chinh luu dung diode.

Tix biéu thic (6.40) va (6.41) ta suy ra:
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i, =SU (cos®,t —cos0) (6.43)

Mait khac vi dong qua diode 1a mot diy xung (hinh 6.10) nén c6 thé khai trién i, theo chudi
Fourier nhu sau:

i, =1, +1I cosw,t+1,cos2m,t+... (6.44)
Theo chudi Fourier, ta tinh dugc:
10
I, =—[i,doyt
7[ o
véin=1,2,3, .. (6.45)

) 0
I, = ;jiD cosnw,tdw,t
o

Thay biéu thiic (6.43) vao (6.45) roi 14y tich phan, ta nhan dugc cdc két qua sau:

I, = SUg (sin®—0cos0) (6.46a)
T

I, = SU—d"(G—sinecos 0) (6.46b)
T

I, x4c dinh tir biéu thiic (6.46a) c6 chita thanh phan mot chiéu thuan tdy: SU, (sin @ — @ cos 6)
T

va thanh phan bién thién cham: &m(siné —@cos@)cos wgt chinh la thanh phan hitu ich (tin
7

tic).
T dong mot chiéu I, xdc dinh dugc dién dp ra trén tai:

R .
u.=RI, = —SUd,,(smH—Hcos 0) 6.47)
T
Thay biéu thiic (6.47) vao (6.42) ta c6:

cosd = E(sint9—t9cos€)
b4

hay g0 -0-" (6.48)
SR

Theo (6.48) géc dan dién 6 chi phu thudc ve P e
vao tham s6 S, R cua mach dién ma khong phu éﬁm \\\
thuoc vao tin hiéu vao, Tt d6 két luan la tach //A A
séng tin hiéu 16n khong gay méo phi tuyén ol t

(hinh 6.11).

T SU,, Hinh 6.11. D6 thi thoi gian dién dp ra uc
Néu gid thiet 6 = 5 thi I, = T trén tai bo tich séng nai tiep.
I, = SUs ... Va biéu thiic clia dong qua diode clia mach tich séng viét duéi dang chudi Fourier
T

trong truong hop 90°.
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) 1 1 2& (D"
i, =SU, | —+—cosm,t—— cos2nm,t
° db(n 2 Tan:]:4n2—1 tj
Thay (6.39) vao ta cé:
. 1 1 2& (D"
ir=8SU (l+mcoswt) —+—coswt—— cos2nm t (6.49)
D z( S)|:7z' 2 t ”;4’12_1 t:|

Tur biéu thiic (6.49) ta nhan thay rang: Phé clia dong dién i, gdm c¢6 cdc thanh phan mot chiéu,
®,, O, O 0y, no,  og . Thong thudng o, >> g, nén cac thanh phan ©,, ®, + ®g va no, £ oy
duoc loc rat dé dang nhd mach loc thong thap, chi con thanh phan hitu ich

~ mSU

——® cosogt -
T

g =

Mot 1an nita lai thdy ring bo tach séng tin hiéu 16n khong gay méo. Vi vay trudc khi tdch séng
ngudi ta thuong khuéch dai dé tin hiéu du 16n, thong thudng trudc tach séng dung tang khuéch dai
cong hudng, c6 hé s6 khuéch dai 16n tai tn s6 cong huong, do dé loai duge nhiéu, ddm béao ché do
tach séng tuyén tinh.

Trong cc so d6 hinh 6.9 phai chon hing s6 thoi gian T = RC di 16n sao cho dang dién ap ra
phai gén vé6i dang hinh bao cua dién dp cao tin & dau vao. Tuy nhién khong thé chon dién dung qua

16n, dé tranh méo do dién dung tai gay ra. Diéu kién tdng quat dé chon t:

1 1
—— << R<<——

(6.50)
o,C a,C
Trudng hop chon tu C qud 16n, lam cho  uc o v
vé€ thit hai clia bat dang thic (6.50) khong P T
thda man thi dién 4p ra khong bién thién kip M= /\ _____ U
véi bién do dién dp vao, gay méo tin hiéu /\
hinh 6.12. D€ trdnh hién tugng ndy phai chon \/ V \/ V’_\/‘ V \/ ¢
tri s6 tu C sao cho tdc do bién thién clia dién RN} Y \\\\
4p ra uc t6i thidu bing t6c do bien thien cha L
bién do dicn dp vao trong truong hop ty € Hinh 6.12. Hién tuong méo tin hiéu tach song
phéng. do dién dung tai qud 16n
Thuc t€ thudng chon RC theo diéu kién
(6.51):
10 g ! (6.51) &
o,C W ax il
Muén dé dang thda man (6.51) phai dam Cs Dig R[ﬁ IUQ
bio @, >100@;, | T
+Uce

Trong hai so d6 trén hinh 6.9, so d6 tiach

song noi ti€p cd dién tré6 vaoR, =R/2 16n

hon dién trd vao clia so d6 tich séng song
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song R, =R/3.Ngoai ra trén tai clia so d6 tich séng song song con c6 dién dp cao tan, do d6 phai
dung bo loc dé loc bo né.
Vi nhiing 1y do d6, nén so d6 tach séng song song chi ding trong trudng hgp cédn ngan thanh
phan mot chiéu tir tAng truGc dua dén hinh 6.13.
b) Tdch séng bién do diing phdn tit tuyén tinh tham so.
Dé dé hiéu, xét bo tdch séng diéu bién diing mach nhan twong tu hinh 6.14.
Tin hiéu diéu bién dua vao mot ddu vao clia bo

Udb

nhan tuong tu. ° ur

Ugp=U,(1+mcosmgt)cosm,t (6.52) Lo

Trén dau vao tha hai dua vao tai tin. Hinh 6.14. Tich séng dong bo

u, =U, cos(cosw,t + @) (6.53) dung mach nhan tuong tu
Trén dau ra ctia bo nhan s& ¢6 tin hiéu:
u =uy.u K
K 1a hé s6 nhan ctia mach nhan tuong tu:

KU> 1+ t
u == L (1+mcos ogt)cos + KU; (wj cos(2m,t +¢) (6.54)

T

Duing mach loc thong thap ta tich ra thanh phén hitu ich:

2
t

Uy = (1+ mcoswt)cosp (6.55)

Tux biéu thic (6.54) va (6.55) c6 thé it ra nhitng nhan xét sau day:

- Trong pho dién dp ra khong c6 thanh phén tai tin. Thuc t€ do mach nhan khong hoan toan doi
xting, nén phd dién 4p ra c6 chita tai tin vé6i bién do nho.

- Muon tich séng bang mach nhan phai c6 tin hiéu tdn s6 bang tdn s6 cla tai tin cla tin hiéu
diéu bién dua vao dau vao thi hai clia bo nhan.

- Bién do dién dp dau ra bo tidch séng phu thuoc vao géc pha ¢, véi ¢ 1a géc 1éch pha giita tin

hiéu can tach s6ng va tai tin phu (dua vao dau thi hai cia bo nhan). Khi pha ¢ = 0, & bién do dién
dp dau ra bo tich song dat cuc dai, khi ¢ = i—% bién do ra bing khong. Nhu vay bo tdch séng vira

vira ¢4 tinh chat chon loc vé bién do, vira c6 tinh chat chon loc vé pha. N6i cdch khac d6 1a bo tach
séng bién do — pha. Do d6 dé tach s6ng c6 hiéu qua can phai dong bo tin hiéu vao va tai tin phu ca
v€ tin s6 1an v€ pha. Vi vay bo tdach séng nay cin c6 tén goi 12 bo tach séng dong bo.

So véi bo tach séng dung diode, thi bo tich séng dong bo chita it thanh phan t6 hgp & dau ra.

Trén hinh 6.15 12 mot vi du vé bo tach séng dong bo duge ché tao dudi dang vi mach.

N6 duogc dung dé tach song tin hiéu hinh trong mdy thu hinh. Khi tdch séng tin hiéu hinh can
dic biét luu ¥ dén méo phi tuyén, vi tai tin mau 4,43MHz va tai tan dudng ti€ng 5,5MHz tron véi
nhau tao ra tan s6 1,07MHz va cdc hai n. 1,07MHz s€ gy nhiéu cho dudong hinh. Mach téch s6ng
nay c6 thé loai bo cdc nhiéu do.
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Hinh 6.15. Bo tach séng déng bo dang vi mach. So d6 khéi (a) ; So d6 nguyén 1y (b).

Dau vao bo tdch séng 1a tin hiéu trung tdn hinh da dugc diéu bién, (tir tin hiéu cao tdn qua bo

tron lam tin s6 séng mang giam xudng mién trung tan). Phé clia né dugc biéu dién boi biéu thiic

tong quat sau:

u,()=U, {% CoOS @, f + % cos(®,, + @y )t}

(gom tai tin va bién tin trén)

Trong dé: o, tan s0 tai tin (tin sO trung gian);

g 12 tin s6 diéu ché;

(6.56)

m 12 hé so diéu ché.

Tin hiéu vao trung gian duoc dong thoi dua dén bo han bién va bo chuyén mach. Qua bo han

bién va mach loc thong dai s& tach ra dugc tai tan chua di€u ché.

U, = KU, cosw,t

K 1a hé s6 ti 1é, phu thudc vao tinh chat ctia bo han bién va bo loc.

(6.57)

Uy, dieu khién chuyén mach, sao cho dién 4p vao u,, hoac dugc truyén hoan toan dén dau ra chuyén

mach hodc dugc ngit theo diing nhip cta téi tan.

Nhu vay ddu ra ctia bd chuyén mach c6 dién 4p:

u(t) =u,,(¢)S(t)
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S(t) 12 ham s6 dac trung cho b chuyén mach thudng 1a diy xung chit nhat hinh 6.16.

S2() 4 Si(t) 4

(b) (@
Hinh 6.16. Hai dang khac nhau ctia hAm chuyén mach.

Biéu dién todn hoc clia ham S(t) trén hinh 6.16:

S,() = g + %(cos @, 1 —%cos 3w,t+ %cos Sw,t+ j (6.58a)

44 1 1
S,() = 7(005 1 — 3 cos3w,t + 3 cosSw, t + J (6.58b)
Dién 4p ra sau ting chuyén mach:

u, (t) =u, = %AU,g [cos o, t+m cos(2a),g + o, )t]

| 3 | (6.59a)

+ 2—AU,g [1 +mcosm,t+ 5 cos2w, t+m cos(2a),g +w, )t -3 m cos(2a)rg -, )t}
g :

u,(t)= u,S, = iAU{l +mcos ot + %cos 20,t+mcosCw, + o)t —

1
-3 m cos(Za),g -y )t} (6.59b)

Khi ding ham S(t), dién 4p ra ngoai thanh phdn mong muén @, con cé cic thanh phan mot

chi€u, tdi tin ®,,, bién tan trén ®,, + @ ; hai bac hai cla tdi tan 2 @,, cling cdc bién tan 2w, t @, .

Néu dung ham Sy(t), dién dp ra khong chia téi tan @,, va bién tan trén @,, + @, cc thanh phén con
lai c6 bién do 16n gap doi so véi truong hop diung S,(t). Trong ca hai trudng hop, ding bo loc thong
thap & dau ra dé dang boc bo duge cac thanh phan khong mong mudn.

Hinh 6.15 (b) cho mot vi du vé vi mach (A.240, TDA440) 1am viéc theo nguyén tic néu trén,
dién 4p vao u,, dua dén bo khuéch dai lap lai emitter T, va T,, 16i ra cta tang T, T, dua t6i 16i vao
tAng khuéch dai vi sai gém T;, T,. O day T, déng vai trd tao mot nguon dong. Dién 4p ra trén R,, R,
ctia ting khuéch dai vi sai duoc han ch€ bién do nho diode D,, D,. Diode D, va D, mic song song
v6i khung cong hudng L, C, nhdm loc bo cdc hai bac cao, 14y ra tai tdn chua diéu ch€ Uy, dua vao
ting 13p lai emitter Ty, T, r6i dén chuyén mach gém Tg+T,,. TAng khuéch dai vi sai T,,, T,; lam
nhiém vu khuéch dai U,. Nho cdc dién tré Ry, R,; méic trong mach emitter dé mé& rong pham vi
lam viéc tuyén tinh ctia mach.
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Hai tang khuéch dai vi sai Ty, T, I

va T,y T,, duoc diéu khién boi tai tin
chua di¢u ch€ U,y dua tir bo han ché
dén. Vi bién do Uy, khd 16n nén cic Te

T2 Rs

R9
bo khuéch dai vi sai nay lam viéc o Ug  Ugo| .

ché do khod, T, 1a nguén dong. |

Nguyén 1y hoat dong clia ting chuyén IT14l T3 \U(t)

mach duoc minh hoa bdi so d6 tuong Tio

duong hinh 6.17. l
Do mic chéo collector ctia Ty va

T, nén ting chuyén mach c6 ham Hinh 6.17. So d6 twong duong tang chuyén mach
truyén dat Sy(t) chia mot ddy xung chit clia bo tach séng bién do hinh 6.15
nhat ¢6 cuc tinh thay déi nhu biéu dién trén hinh 6.16(b).
Dién ap ra u(t) 14y trén R, khong d6i xting. Sut 4p trén Ry khong duge dung dén do d6 thuc t&€
khong can méc Rg trong mach.
Khi thay déi chiét 4p R, thi dong dién ctia nguén dong T,, thay déi, nhd d6 c6 thé thay doi
muc trang cta tin hiéu video.
3. Hién tuong phdch va hién tuong chén ép trong bé tdach song bién do
Truong hgp trén diu vao bo tich séng bién do c6 hai dao dong cao tan (tin hiéu va nhiéu), thi
trong bo tich s6ng xay ra hién tugng phach va hién tugng chen ép.
a) Hién tuwong phach
Gia thiét cac dién ap dat vao bo tach s6ng bién do:
u, =U, cosw,t
u, =U, cosw,t
Do dé dién 4p téng cong
u(t) = u, (1) + 1, (1) = U (1) cos|@yt + p(1)]
Vi u, va u, c6 tan s6 khong c6 dinh, nén bién do cla
véc to téng khong co dinh. Tai mot thoi diém bat ky, ta c6

véc to téng # nhu trén hinh 6.18.

Néu coi u, dimg yén thi #, quay quanh O’ véi van téc Hinh 6.18. D6 thi véc to ctia dién 4p

g6c 12 ©,, do d6 Aw = @, —o vao bo tach séng bién do.
2 - 2 1

Ap dung heé thitc tam gidc thudng, ta tim dugc:

U(l‘)z\/Ul2 +UJ +2U,U, cos Aot

U, sin Aot
U, +U, cosAwt

(o(z‘) =arctg

Vi bo tich séng bién do khong c6 su phu thudc vao pha cuia dién 4p vao nén dé xét két qua

dién dp ra cia bo tich séng khong cAn quan tam dén (p(t). Néu gia thi€t bo tich séng khong c6
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quén tinh d6i v6i tan s6 hiéu Aw, nghia la >> R thi dién 4dp trén tai cta bo tich séng theo

AwC
dinh nghia:
Uprs = KpgUyppg = KTSU(t)

u: U
=K, U, \/ 1+ U_22 + 272 cos(Aw.t) (6.60)

1 1

Nhu vay dién dp ra bién thién theo tan s hiéu A@ . D6 1a hién tugng phéch.

Hién tugng phach dugc ting dung trong dién bdo dang bién. Tin hiéu dién bdo ding bién sau
khi tdch séng 1a dién 4p mot chiéu, do d6 né khong c6 tdc dung do6i véi tai nghe. Vi vay dé tich
s6ng tin hiéu dién bdo déng bién ¢6 tin s6 @, can dua thém tin hiéu ngoai sai 6 tdn s6 @, vao bo
tdch séng, sao cho A® = @, — @, ndm trong pham vi am tan dé€ tai c6 thé nhan biét duogc.

b) Hién tuong chen ép

Trudng hop hai dao dong tac dong 1én bo tdch séng c¢6 bién do chénh léch nhau nhiéu thi hién
tuong phach trd thanh hién tuong cheén ép.

Trong biéu thiic (6.60) dat:

U,
x=—2+
Ul Ul

2 cos At

Néu gia thiet U, << U, thi x <<1.
Ap dung biéu thitc gin diing, ta viét biéu thic (6.60) nhu sau:

— Uu, U
U(t)zKTSUl 1+XzKTsU1(1+U—22+—ZCOSAa)tJ

1 1
U2
=K, |U +—>+U, +... (6.61)
2U,
Tur (6.61) suy ra tin hiéu ra d6i vé6i ting tin hiéu vao u, va u, .

Upgrs = KU, dod6 Ky = Ko

U,
Ugrs =Ky 20, =K,U,
U
Dodé Ko, = K, —=
752 78 2U1

Vi U, >>U, nén K >> K,,,, nghia la khi trén dau vao bo tich séng bién do c6 hai dao
dong cao tin bién do khdc nhau nhiéu thi trong qué trinh tich séng c6 hién tuong tin hiéu 16n chén
ép tin hiéu bé. Hién tugng nay biéu hién tinh chon loc theo bién do ctia bo tach séng. Vay khi nhiéu
¢6 bién do nho hon nhiéu so véi bién do cta tin hiéu hitu ich thi rd rang tic dung chon loc rét ¢6 loi.
Tuy nhién khi tin hiéu nho hon nhiéu phai chi y nang cao mic tin hiéu dé tranh hién tugng tin hiéu

bi nhiéu cheén ép.
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6.3. Piéu ché va giai diéu ché don bién

6.3.1. Khai niém vé diéu ché don bién

Nhu di biét, phé ctia dao dong diéu bién gém tai tan va hai bién tan, trong d6 chi c¢6 cac bién
tdn 12 mang tin tdc. Vi cé hai déi bién tdn mang tin tdc nhu nhau (v€ bién do va tn s6) nén chi can
truyén di mot bién tan 1a du thong tin vé tin tic. Tai tan chi can dung dé tach séng, do d6 c6 thé nén
toan bo hay mot phan tai tan trudc khi truyén di. Qué trinh diéu ch€ nhim tao ra mot dai bién tin
goi 1a diéu ché& don bien.

Diéu ché don bién (v6i mot phan du cta tai tdn) mang mot ¥ nghia thuc t€ 16n. Diéu ché don
bién v6i mach phiic tap, ton kém nhung lai ¢6 nhiéu uu diém quan trong hon hén diéu bién thong
thuong:

- Do rong dai tan giam mot nira.

- Cong sudt phat xa yéu cau thap hon véi cing mot cu ly thong tin, vi d tap trung cong sudt
clia tai tn va mot bién tan cho bién tan con lai.

- Tap am tai bo tach s6ng giam do dai tan cua tin hiéu hep hon.

Do nhitng vu diém trén, nén diéu ché€ don bién ngay cang dugc dung nhiéu trong thong tin néi
chung (& dai séng ngin va séng trung) va thong tin quan su néi riéng.

Tir biéu thic (6.3) c¢6 thé riit ra biéu thitc cha tin hiéu diéu ché don bién nhu sau:

u, () =U, %cos(a), +wg)t  (6.62)

Trong biéu thiic (6.62), m khong mang y nghia
do sau diéu ché nita va dugc goi 1a hé s6 nén tai tin.

m c6 thé nhan gid tri tir 0 dén o.
Hinh 6.19. D6 thi véc to cua dao dong
di€u ché& don bién (c6 mot phan du cta tai tin)

D6 thi véc to cua tin hiéu don bién dugc biéu
dién trén hinh (6.19).

Ta thdy véc to dic trung cho dao dong diéu ché don bién thay ddi ca vé bién do 14n géc pha,
nghia 12 diéu ch€ don bién bao gio ciing kém theo diéu ché pha. Téi tin bi nén mot phan hay bi nén

- -
hoan toan, do d6 véc to tii tin U, c6 thé nhd hon véc to bién tin U s. Trong k§ thuat truyén hinh,

tin hiéu diéu ch€ video mot phan la tin hiéu diéu bién (khi f; <0,75MHz), phan con lai
(0,75MH:z < f; < SMH?z) 1a tin hiéu diéu ch€ don bién hinh 6.20.

Béng cédch d6 c6 thé giam dugc dai tan cua tin hiéu diéu ché€ video. Néu cit bo hoan toan mot
bién tan thi van dé loc dai s& kho6 khan, hon nita s& xudt hién sai pha.
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Hinh 6.20. Dic tinh bién do cua tin hiéu hinh (f,,: tai tan hinh; f,: tai tin tiéng).

6.3.2. Céac phuong phap diéu ché don bién

Ngudi ta phan biét ba phuong phép di€éu ché don bién: phuong phdp loc, phuong phip quay
pha, phuong phdp loc va quay pha két hop.

1. Piéu ché don bién theo phuong phdp loc

Tir su phan tich pho cta tin hiéu diéu bién, rd rang mudn c6 tin hiéu diéu bién, ta chi cin loc
b6t mot dai bién tan. Nhung thuc t€ khong lam dugce nhu vay. Vi tai tin cao tdn van dé loc dé tach
ra mot dai bién tdn gap kho khan. That vay, gia thiét tin s6 thap nhat cua tin tic f; . =200Hz,

lic d6 khoang cach gilta hai bién tan Af =2f .

=400Hz (hinh 6.1b). Néu tai tin cd tin sO

f, =10MHz thi h¢ s6 loc clia bo loc X = & =4.10"° khd nhé. Su phan b6 clia hai bién tan gan

t
nhau dén mic, ngay ca ding mot mach loc thach anh ciing rat khé loc dugc bién tdin mong muon.
Do d6 trong phuong phap loc, ngudi ta ding mot bo bién ddi tan s6 trung gian dé c6 thé ha thap yéu
cdu doi vdi bo loc. So d6 khoi clia mach diéu ché don bién theo phuong phdp loc duoc biéu dién
trén hinh 6.21 va phd ctia tin hiéu trén ddu ra clia ting khéi biéu dién trén hinh 6.22.

Us(t Jutf nt JoEUn+ f +fi +
Wy popr Pfy] peer iyl pep 2 Vot 5] Loca [atfulls,
a b C d Udb
A X
fti fo
Tao Tao
dao dong dao dong

Hinh 6.21. So d6 khoi cia mach diéu ché don bién bang phuong phap loc.

Trong so d6 khai trén, tin tic dugc dung diéu ché€ mot tai tin trung gian, ¢ tdn s6 f;, kha thap
so Vdi tai tAn yéu cdu, sao cho hé s6 loc tang Ién, dé c6 thé loc bo mot bién tin dé dang. Trén dau ra
ctia bo loc thit nhat s& nhan dugc mot tin hiéu c6 dai phd bing dai phd cla tin hiéu vao
Af¢ = fomax — fsmn Nhung léch di mot lugng bang f,, trén thang tn s6 (hinh 6.22¢). Tin hiéu nay
dugc dua dén bo diéu ché can bang th 2, ma trén ddu ra cta nd 12 tin hiéu c6 phd giira hai bién tan

cach nhau mot khoang Af = 2(f,, + f.... ) sao cho viéc loc 1dy mot dai bién tin nhd bo loc thit 2
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thuc hién dugec mot cach dé dang. Bo diéu ché can bing thudng ding mach diéu bién can bing hodc

mach diéu bién vong. Trong so do khoi trén day, ti tin yéu cdu bing tong cla hai tai tin phu

Je=la+ /-

S(f)
(a)
OI meIn fsmax ;f
S, | |fsmin
1
(b) o
L 5
ol T f
S(HA -
[
I 1
L >
0 ft1 f fami
S(f)A :< ft1 #: ::smln
! [
@ : N
! | R
0 fio fir + fio f

Hinh 6.22. Phd tin hiéu ra clia cdc khoi trén hinh 6.21. Phd tin hiéu vao (a); Phd tin hiéu ra bo

diéu bién can bing 1 (b); Phd tin hiéu trén dau ra bo loc 1 (c); Phé tin hiéu ra ctia bo loc 2 (d).
2. Piéu ché don bién theo phuong phdp quay pha
Nguyeén téic tao tin hiéu don bién bing phuong phéap quay pha dugc minh hoa trén d6 thi véc to
hinh 6.23 va so d6 khoi hinh 6.24.

W

wgt=0°
Hinh 6.23. D6 thi véc to clia dao dong diéu ché don bién bang phuong phip quay pha.

Tin hiéu diéu ch€ va tai tin thong qua mach quay pha, duoc dua dén hai bo diéu ché can bang
(mach diéu bién vong) léch pha nhau 90°, do d6 cdc bién tan trén clia hai bo diéu ché can bing léch
pha nhau 180, con cdc bién tdn dudi dong pha. Néu 14y hiéu cta hai dién 4p ra clia hai bo diéu bién
can béng ta dugc bién tan trén, nguoc lai néu ldy tong cdc dién 4p ra ta s&€ nhan dugc bién tin dudi.
C6 thé ching minh diéu d6 bang biéu thifc todn hoc sau day: gia thiét tin hiéu vao cla hai bo diéu

bién can bang léch pha nhau 90°, néu biéu thic cta tin hiéu ra clia cac bo diéu bién can béng:
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hoac mach Udb
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Qo
ut
900 ]

] |

Hinh 6.24. So d6 khéi mach diéu ché don bién bang phuong phap quay pha.
Uy =U,, coswgt.cosm,t
1
= EUCB [cos(a)t o+ cos(a)t -y )t]
Ucg, = U sinogt.sin o, t
= %UCB [— cos(a), g )t + cos(a), - g )t]
do d6 Uy = Ugg —Uegy = Uy cos(@, + ot (6.63)
Phuong phdp nay cé thé mé rong cho truong hop hé thong diéu ché c6 so luong bo diéu ché
n >3, ldc d6 s€ ¢6 n mach quay pha, véi géc quay pha %

Trong phuong phap nay yéu cdu hai bo di€u ché can bang phai hoan toan giéng nhau, céc dién
dp ra phai c¢6 bién do nhu nhau va géc pha phai chinh xdc. Pay 1a mot khé khan 16n vi thuc hién
quay pha chinh x4c v6i mot tin hiéu c6 dai tan rong (@, + @y . ) khOng phai don gian.

3. Diéu ché don bién bang phuong phdp loc va quay pha két hop

Hinh 6.25 1a so d6 khoi cia mach diéu ché€ don bién theo phuong phép loc — quay pha két hop.

Tin hiéu ra ctia hai b diéu ch€ can béng:

' _ _ CB
U'cg = U cOsogt.cosm,t =

[cos(a)” + o, ).t + sin(a)t1 — o )t]

u" 5 = Uy cosogt.sinm,t = % [sin(a),l + o, ).t + sin(a),1 — o, )t]

Sau bo loc 1, con lai bién tan trén ctia hai bo diéu ché can bang léch pha nhau 90°. C6 thé coi

A

day Ia tin hiéu diéu ché€ da quay pha. Tin hiéu nay cing vdi tai tin u,>» dugc dua dén bo di€u ché
can bing 2 léch pha nhau 90°.
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Ueg, Uy,
—{ DCCBI »  Loc >  DCCB2
. P . ; Udab
Ul Locas (— | QU Ut Ui > Quaypha Mach hieu [—>
A
A 4 A,
L»  PCeBI — > Loc >  DCCB2 _
Ucg, Ucg,

Hinh 6.25. So d6 khéi mach diéu ché don bién theo phuong phdp loc - quang pha két hop.

Dién 4p ra sau bo diéu ché can bing 2:

, u.,Uu
Uy, = %cos(a)ﬂ + g )1.cOs 0t
U,pU
B CZ 2 [eos(w,, + o, + o)t +cos(, —o, - o]
. U,U, . :
Upg, = %Sln(@ﬂ + 0 )t.sm o,,t
U, U

=- Z = [_ COS((th T O, + 0 )t + COS((th — 0,y — O )t]

Qua mach hiéu ta co6:

" UCB2 U

Ugp = u'CBZ “Ucepy =

Phd tin hiéu don bién va dé thi véc
to theo phuong phap loc quay pha két
hop dugc biéu dién trén hinh 6.26.

Diéu ché don bién theo phuong
phép nay khong can mach quay pha déi
v6i tin hiéu diéu ché€ (12 tin hiéu c6 tin
s6 thay déi) nén dé thuc hién hon so
v6i phuong phap quay pha.

6.3.3. Tach song tin hiéu don bién

Téach séng tin hiéu diéu ché don
bién thuong dugc thuc hién nho mach
diéu ch€ vong. Tin hiéu don bién véi
tan s6 @, + @, dat 1én mot dau vao
ctia mach diéu ché vong, tai tin phu véi
tan s6 @, dugc tao ra ¢ dau thu duoc

dua dén dau vao thi hai cta mach.
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2' 2 cos(m,, + @, + o)t (6.64)

\4

" |
ft1 N P fsmin
d) —I

0 ft2 ft1 + ft2 f
Hinh 6.26. Phé va do thi véc to ctia dao dong diéu ché don bién theo

A

phuong phép loc quay pha két hop; phé tin hiéu diéu ché (a); phd ctia
tin hiéu ra ctia bo diéu ché bién do 1 (b); phé tin hiéu ra ctia bo loc
(c); Phé tin hiéu ra mach hiéu(d).



Trén dau ra ctia mach diéu ch€ vong la tin hiéu c6 tdn s6: @, va 2w, + @;. Nho mot mach loc
thong thap 1ay ra dugc thanh phan tan s6 mong mudn @, . Véan dé chinh & day 1a viéc tao ra tai tin
phu & ddu thu sao cho tan s6 clia n6 hoan toan giong véi tin s6 cua tai tin dau phat (truée diéu ché).
bé dugc diéu d6, thudng ngudi ta loc 1ay tai tin da bi nén, trong tin hiéu hitu ich thu duoc, réi
khuéch dai va han bién dé duoc tdi tin di 16n, roi dem cong truc ti€p véi tin hiéu don bién hodc dua
dén bo tao tai tin phu, & dau thu dé thuc hién déng bo.

6.4. Diéu tan va diéu pha
6.4.1. Cac cong thiic co ban va quan hé giita diéu tan va diéu pha
Vi gifta tdn s6 va géc pha ctia mot dao dong c¢6 quan hé véi nhau, nén dé dang chuyén déi su
bién thién tdn s6 thanh bién thién vé pha va ngugc lai theo (6.65).
ooV
dt

Diéu tin va diéu pha la qud trinh ghi tin tic vao tai tin, 1am cho tin s6 hodc pha tdc thoi cla tai

(6.65)

tin bién thién theo dang tin hiéu diéu ché. Vdi tai tin 14 dao dong diéu hoa:
u(t) =U, cos(w,t + @, )= U, cos () (6.66)
Tt (6.65) rut ra:

W) = j a(t)dt + (1) (6.67)
Thay (6.67) vao (6.64) ta nhan dugc biéu thc:
u () =U, cos{ [ty + go(t)} (6.68)

Gia thiét tin hiéu diéu ché€ 1a tin hiéu don am (chi ¢c6 mot tin s6):
ug =U; cosw ¢t (6.69)
Khi diéu ché tan s6 hodc diéu ché pha thi tin s6 hodc géc pha ctia dao dong cao tan bién thién
ti 1& v6i tin hiéu diéu ché va chiing dugc x4c dinh 14n luot theo biéu thitc (6.70a) va (6.70b)
co(t) =0, + K, Ugcosmgt (6.70a)
(p(t) =@, + K ;Ugcosogt (6.70b)
Trong truong hop nay goi @, 1a tdn s6 trung tam cua tin hiéu diéu tan.
bat: K, Ug = A, goi 1a lugng di tan cla cyc dai.
KUg =A@, goilalugng di pha cuc dai
Khi dé cdc biéu thite (6.70) duoc viét lai nhu sau:
o(t)=w, +Aw, cosw,t (6.71a)
o(t) =@, +Ap, coswgt (6.71b)
Khi diéu ché tan s6 thi géc pha dau khong doi, do d6 ¢(f) = @, . Thay (6.71a) vao (6.68), sau
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khi Iy tich phan, ta nhan duoc biéu thitc ctia dao dong da diéu tan:

u,(t)=U, cos(cott + AO(;)'“ sinogt + (poj (6.72)
s
Tuong tu nhu vay, biéu thic clia dao dong diéu pha tim dugc bang cach thay ¢(f) trong (6.70)
boi (6.71b) va cho @ = @, = const ta duoc:
u,(t)=U, cos(oatt + A, cosogt + (po) (6.73)
Vay luong di pha dat duoc khi diéu pha:
Ap =A@, coswgt
Tuong ting véi lugng di pha ta c6 lugng di tan:

Aw = @ =A@, 0, sinwt

va lugng di tan cuc dai dat dugc khi diéu pha:
Ao, =oAp, =K, Ug (6.74)
Theo (6.71a) luong di tan cuc dai dat dugc khi diéu tan:
Ao, =K, Uy (6.75)
So sdnh (6.74) va (6.75) ta nhan thdy rang: diém khdc nhau co ban giita diéu tan va diéu pha la
luong di tin cuc dai khi diéu pha ti 1€ véi

bién do dién 4p diéu ché va tan s6 diéu YS__ ] It »| diéu ché pha Tglzlteél;f:u
ché, con luong di tin cuc dai do diéu tan

chi ti 1& véi bién do dién dp diéu ché. Vi (@)

vy tir mach diéu ché€ pha c6 thé 14y ra

, . N N v e . . Us d diéu ché tan Tin hiéu diéu
tin hiéu di€u ch€ tan so, néu trudc khi —> o > g T ché pha
dua vao diéu ché, tin hiéu diéu ché dugc

dua qua moét mach tich phan (hinh (b)

6.27a). Nguoc lai c6 thé 14y ra tin hieu Hinh 6.27. Minh hoa quan hé giita tin hiéu diéu tan va tin
didu ché€ pha tir mot mach diéu ché tin hiéu diéu pha. So d6 khoi mach diéu ché tan s6 thong qua
$6. néu tin hieu diéu cl;éf dugc dua qua diéu ché pha (a); So d6 khai mach diéu ché pha thong qua

. . . N h diéu ché tan s6 (b).
mot mach vi phan trude khi dua vao bo mach diéu ché tan s (b)

diéu ch€ (hinh 6.27b).
6.4.2. Phé cua dao dong da diéu tan va diéu pha

. < s . Aw
Trong biéu thitc cia dao dong dicu tan (6.72) cho géc pha ban dau ¢, = 0va dat ~— =M
(4]

m

S
(goi M , 1ah¢ s6 dieu tan), biéu thiic (6.72) duoc viét lai:

U,, = U, cos(m,t + M, sin at) (6.76)

Trong trudng hop tin hiéu diéu ché bién déi trong déi tan sO tr @, . dén @y, , M, dugc xdc

dinh nhu sau:
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M, =2 6.77)

a)S max
He so6 dicu tan M , khong nhitng phu thudc vao bién d¢ dién dp dicu ché ma con phu thuoc
vao tan so diéu ché. Tuong tu, ta ¢6 biéu thic clia dao dong diéu pha.
Uy =U, cos(oott +M, cos (ost) (6.78)
Trong d6 M, =Agp,,

Biéu thiic (6.76) va (6.78) c6 thé biéu dién dudi dang chudi, ma hé s6 ctia né 1a cac ham s6

Betxen loai mot bac n nhu sau:

u, = Re Uj(—j)“*lJn(Mf).e“"’t“‘”s"} 6.79)
u =R U j)“”Jn(M(p)eﬂwt-"wsﬁ} (650

Trong d6 J, 1a ham s6 Betxen loai mot bac n.

Néu khong xét dén pha, thi phé clia tin hiéu diéu tin va diéu pha giéng nhau, gom c6 thanh
phén ti tdn @, (tng v6i n = 0), bien do J,U, va vo s6 cdc bien tn: @, + nwg (n=—o0 + o), bien
do J,U,, J, phu thuoc vao M , hoac M ,.

Trong bang ham s6 Betxen, khi M, M , = 2,405 thi J, (Mf ) =0, nghia 12 lic nay tin hiéu
diéu tan va diéu pha khong chia tai tin. Ngoai ra, con thay ring, néu biéu dién ham s6 Betxen theo
bac n cia nd, trong trudng hop M , > 1, tat cd cdc bién tan c¢6 bac n > M  déu c6 bién do nho hon
5% bién do tai tin va déu c6 thé bd qua.

Vi vay c6 thé coi do rong dai tin cia tin hiéu diéu ché tin s6 va diéu ché pha l1a hitu han va xéc
dinh né theo biéu thiic:

D, = 2M;0, =2A0,, (6.81)

Nhu vay do rong dai tin cla tin hiéu diéu tdn khong phu thudc vao tin s6 diéu ché.

D6i véi tin hiéu diéu pha, do rong dai tan ctia né dugc xé4c dinh theo biéu thiic (6.78)

D, =2M;04 = 2A¢, ® (6.82)

Do rong dai tan cta tin hiéu diéu pha phu thudc vao tan s6 diéu ché,

Khi M, , <1 thi chi c6 mot cap bién tan c6 bién do 16n hon 5% bien do tdi tan, do d6

Ddt ~ 2®Smax (683)

Trudng hop nay do rong dai tin cla tin hiéu diéu tidn bang do rong dai tdn cla tin hiéu diéu
bién, ta goi la di€u tan ddi hep. Nguoc lai M, , > 1 thi c6 dicu tan dai rong.

Thong thuong tin hiéu diéu ché 1a tin hiéu bién déi gom nhiéu thanh phin tan s6. Khi dé tin
hiéu diéu ché tan s6 va tin hiéu diéu ché pha c6 thé biéu dién téng quat theo biéu thiic sau:
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u, =U, cos{mtt + i“AMV cos(mvt +0o, )} (6.84)
v=l1

Trong biéu thiic ndy c¢6 quan tam dén géc pha ban ddu @, , vi hiéu pha khic nhau cta cdc

thanh phén phé cta tin hiéu diéu ché ¢6 tinh chét quyét dinh dén véi dang tin hiéu téng quét clia no.
Khai trién (6.84) theo chudi Betxen ta c6:

u, =U, Re{(coswlt +jsincolt)VH:l[Jo(AMV)2jJ1(AMV)c0s(coS +o,)-

—2J,(AM ) )cos 2wyt + @, ) -2 jJ, cos3(wst + @, )+ ..... | } (6.85)
Theo (6.85) phd clia tin hiéu diéu tdn c6 thé c6 cac thanh phan tin s6 t6 hop

m
o, +Z,uva)SV la s6 nguyén hitu ty —o0 < g, <00

vl

6.4.3. Mach dién diéu tan va diéu pha

Vé nguyeén tic c6 thé phan biét mach diéu tan truc tiép va mach diéu tan gidn tiép, ciing nhu
mach di€u pha truc ti€p va mach diéu pha gidn ti€p. Trong d6 diéu tan gidn ti€p 1a diéu tan thong
qua diéu pha, con diéu pha gidn ti€p 1a diéu pha thong qua diéu tan hinh 6.27. Trén co s& d6, chi
cén nghién cttu cac mach diéu tan truc ti€p va diéu pha truc ti€p, roi dua vao cac so d6 khoi trén
hinh 6.27 c6 thé suy ra mach diéu tan gian ti€p va diéu pha gidn tiép.

1. Cdac mach diéu tan truc tiép

Khi diéu tan truc tiép, tin s6 dao dong riéng clia mach tao dao dong dugc diéu khién bdi tin
hiéu diéu ché.

Mach diéu tan truc ti€p, thuong duogc thuc hién boi cdc mach tao dao dong ma tan s6 dao dong
riéng clia né dugc diéu khién boi dién ap (VCO: Voltage Controlled Oscillator) hodc dong dién
(CCO: Circuit Controlled Oscillator) hodc cdc mach bién déi dién ap - tdn s6. Cdc mach tao dao
dong c6 tan s6 bién déi theo dién dp dat vao c6 thé 1a cdc mach tao dao dong xung hoic 1a céc
mach tao dao dong diéu hoa LC. Cdc mach tao dao dong LC cho kha nang bién déi tan s6 khd rong
va ¢6 tan s6 trung tam cao. Nguyén tic thuc hién diéu tan trong cdc hé tao dao dong 1a 1am bién déi
tri s6 dién khéng clia bo tao dao dong theo dién ap dat vao. Phuong phdp phd bién nhat 1a dung
diode bién dung (varicap) va transistor dién khang. Sau day ta 1an luot khao sat cdc loai diéu tan dé.

a) Piéu tdn truc tiép ding diode bién dung

Diode bién dung cé dién dung mat ghép bién ddi theo dién dp dat vao. N6 c6 so do tuong
duong hinh 6.28(a). Tri s6 Ry va Cp, phu thuoc vao dién dp dat 1én diode. Truong hgp phan cuc
nguoc Ry, rét 16n, con C¢ duge xac dinh theo biéu thic (6.86)

k
C, = — (6.86)
(MD + ¢k )
Trong d6: k lahé so ti e

@, + hiéu dién thé ti€p xidc clia mat ghép véi diode silic, & nhiét do thudng, ¢, co6 gid tri
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khoang 0,6V.
. . ) 1 1
¥ : hé so phu thudc vao vat ligu y = g + E
Mic diode song song véi khung dao dong, dong thoi dat dién 4p mot chiéu dé phan cuc nguoc
cho diode va dién 4p clia tin hiéu diéu ché 1én diode lam dién dung C, thay déi theo dién 4p diéu
ché, do d6 tan s6 dao dong ciing bién déi theo. Trén hinh 6.28(b) 1a mach dién bo tao dao dong diéu
tin bing diode bién dung.

+Ucc  Lc G

11
H ' R4

Hinh 6.28. Diéu tan bang diode bién dung
So d6 tuong duong cua diode bién dung (a) ; Mach tao dao dong diéu tan ding diode bién dung (b).

Trong mach dién nay diode dugc phan cuc nguoc nhd ngudn E,, bién tré R, dé thay déi gid tri
dién ap phan cuc nguoc.

Cic tu dién C,, C,, C; va C, ¢6 tdc dung ndi tit vé thanh phan xoay chiéu (tdn s6 dao dong).
Tan s6 dao dong clia mach gin bang tin s6 cong hudng riéng cta bo tao dao dong va dugc xac
dinh:

1
fu= W\/TD) (6.87)
Cp dugc xéc dinh theo biéu thiic (6.86)
Dién 4p dat 1én diode:
u, =u,—ug—FE =U,cosw, —Ugcoswst—E, (6.88)
Dé cho diode 1uon luon phan cuc nguge phai dam béo diéu kién:
u,=u,, . =U,+Ug—E <0 (6.89)

Nhung dién ap dat 1én diode cling khong vugt qua tri s6 dién ap ngugc cho phép (dién dp danh
thing), nhu vay né dong thoi phai thoa man:

(6.90)

<[u

uD zquax = _Ut _US _Eo ngef

O day U neer 12 di€n dp ngugc cho phép.

Khi diéu tdn dung diode bién dung phai chd y nhitng dac diém sau day:

- Trong qu4 trinh hoat dong diode lu6n luon trong ché do phan cuc nguoc dé tranh dnh hudng
cua dién tr& Ry, dén do pham chat clia mach tao dao dong, nghia 1a dén do 6n dinh tin s trung tam
ctia mach.

207



- Phai han ch€ viung lam
viéc trong doan tuyén tinh cla
dic tuyén Cp(up) cua diode bién
dung hinh 6.29 dé giam méo phi
tuyén, luong di tan tuong doi khi
diéu tan bing diode bién dung
dat khoang 1%.

- Vi dung diode dé diéu tan,
nén mach diéu tin c6 kich thudc
nhd. C6 thé dung diode bién
dung dé diéu tin & tan so siéu
cao, khoang vai tram MHz. Tuy
nhién, do tap tan ctia tham s6 ban
dan 16n, nén kém 6n dinh.

b) Diéu tan dung transistor dién khang

Cp

}: us

Hinh 6.29. bac tuyén C;, = f(up,) ctia diode bién dung va nguyén ly

bién ddi dién dung theo dién 4p dat vao.

Phan tr dién khdng: hodc dung tinh hodc cdm tinh c6 tri s6 bién thién theo dién dp diéu ché€ dat

trén né duoc mic song song v6i hé dao dong clia bo tao dao dong 1am cho tan s6 dao dong thay déi

theo tin hiéu diéu ché. Phan tir dién khang dugc thuc hién nhd mot mach di pha mac trong mach héi

ti€p clia mot transistor. Cé bon cach mac phan tir dién khang nhu biéu dién trong bang 6.1.

Bang 6.1.
Cach mac mach | So dé nguyén ly D3 thi véc to Tris6 Tham so6
dién khang tuong duong
Mach phan ap
RC
. RC RC
Z=jo— Ly=—
S S
Mach phéan ap
RL _ _j L C 3 E
oLS bR
Mach phan ap
CR 7| C,4 =RCS
®oRCS
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Mach phan ap

i
|
LR ! . L
Z=jo— L, =—
I ks W RS
I
V6i mach phan ap RC ta tinh dugc:
LU U _R+(1/jeC)
N o VieC N 1
R+(1/joC) joC
Néu chon cdc linh kién, sao cho — c << R, thi tr& khdng Z c6 thé xdc dinh theo biéu thic
jw
gan ding sau day:
wCR
7~1%0 2 X, = oL, 6.91)

. CR
& day S: ho dan cta transistor I = SUgg, trong d6 L, = <
Tuong tu nhu vay, c6 thé chitng minh cho cdc so' d6 phan dp con lai trong bang (6.1). C4c tham
s6 tuong duong clia phan tir dién khdng déu phu thuoc vao hd dan S.
R& rang khi dién dp diéu ché dat vao base cta phan tir dién khang thay déi thi S thay doi, do d6
cic tham s6 L, hoiac C, thay déi, 1am cho tan s6 dao dong thay ddi theo. Diéu tan dung phan tir

. \ . A ,
dién khang cé thé dat dugc luong di tan tuong doi —f khoang 2%.
0

Thay cho transistor c6 thé

dung dén dién to hodc transistor

truong trong cac so do dién khang.
Trén so dé hinh 6.30 1a so d6 bo T2 L l
dao dong ghép bieh dp duge diéu USE‘ " .
tdn bang phan tr dién khdng phan | L1

1
dp RC. Trong d6 T, la transistor Ce3 —
dién khiang, T, 1a transistor tao dao A
dong. Transistor dién khidng duoc +Ucc
mic v6i mot phan (trén L,) cla hé Hinh 6.30. So d6 bo tao dao dong diéu tin dung phan tir dién

dao dong. khang phan 4dp RC.

Cgi, Cpa: tu ngén mach cao tin

Lc: cuodn chin cao tan

Ciing c6 thé mac hai transistor dién khang thanh mot mach ddy kéo dé tang lugng di tin nhu
trén hinh 6.31.
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Trong so d6 nay T, 1a phan ti

dién khang cam tinh, VGi

L, =R AT, a phin tir dien » At To Lb— == i
R Lc T

khdng dung tinh C, =CRS;. CeT [IRe

Theo so d6 khi Uy tang thi Sy, tang, T Coa

cdn Sy, giam lam cho L va Cy déu — —iH

giam do d6 tan s6 giam nhanh hon Ca3 l E Re R Uce
theo dién 4p diéu ché va luong di I

tan tang gap doi (néu T,, T, cé Us

tham s6 giéng nhau). Mach con ¢6  Hinh 6.31. So d6 tao dao dong diéu tan bang mach dién khdng ddy
wu diém, tang dugc do 6n dinh tan kéo; Cy, , Cg,: ngéin mach cao tin; Cgs: ngdn mach am tan.

sO trung tam f, cua bo tao dao dong dung Ts. That vay, gia thiét dién d4p ngudn cung cép tang thi

ho6 dan cta T, va T, déu tang mot luong AS'. Liic d6 L gidm, Cy ting. Néu mach dién T,, T, hoan
toan doi ximg thi luong ting clia C, s& bl dugc luong gidm clia Ly, , do d6 c6 thé coi tdn s6 trung
tam khong doi.

¢) Diéu tdan trong cdc b tao xung © +Ee
Trén hinh 6.32 1a so d6 mach dao dong da hai
ma ddy xung ra clia n6 c6 tan s6 thay déi theo dién Ur
ap diéu ché ug.
Tan s6 cta mach dao dong da hai duogc xac
dinh bdi qua trinh phong cta tu C qua dién trd Ry

va cdc transistor mé. (Nguyén 1y hoat dong cla

mach da duoc khao sat k¥ trong phan mach da hai).
Tan s6 cta xung dugc x4c dinh nhu sau: Hinh 6.32. Diéu ché trong bo dao dong da hai.
P
27RC1In2
Dé diéu ché tin s6 cua diy xung, dua dién 4p diéu ché ug vao base cling véi dién dp nguén
+Ec. Lic nay tin s6 cta ddy xung bién thién theo dién 4p diéu ché va dugc xdc dinh bdi biéu thiic
(6.92).

f~ ! (6.92)

27T.RC 1n|:(AuC /RB )+ IBbh :|

Bbh

E.+ug—Ug +1,,.R
Trong d6 IBbhz( c TlUs RBEo v -Rg)

Ugg, - dién dp cét base — emitter;

la dong base trong trang thdi bao hoa.
B

Igy - dong base khi transistor ma;

Auc - luong sut dién dp trén collector clia transistor chuyén tir trang théi tit sang mo.
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AU.=U.-1,R.~U

CEbh

V6i mach nay c6 thé dat duoc di tan tuong doi Afm khoang vai % va hé s6 méo phi tuyén
khoang vai %o. Mach c6 tan s6 trung tam khong cao va khé on dinh. Mach ciing 12 mach diéu tin
truc tiép.

Nhugc diém chung chia diéu tan truc ti€p 12 do 6n dinh tin s6 trung tam thap vi khong thé ding
thach anh thay cho mach cong hudng trong bo tao dao dong dé 6n dinh truc ti€p dugc. Do d6 dé dat
duoc do 6n dinh tdn s6 trung tam cao, trong mach diéu tan truc ti€p phai ding mach tu dong diéu
chinh tan s6, tuy nhién v6i mach diéu tan truc ti€p c6 thé dat dugc luong di tn twong d6i 16n.

2. Mach diéu pha

a) Mach diéu ché pha theo Armstrong.

So d6 khoi mach diéu ché pha theo T
Armstrong dugc trinh bay trén hinh 6.33, — > bBI
dugc thuc hién theo nguyén ly sau: o |

Tai tin tir bd dao dong thach anh USQ‘ Thog Tin higu
dugc dua dén bo diéu bién 1 (PB1), dong
thoi dugc quay pha 90° dua dén bo diéu
bién 2 (DB2), con tin hiéu diéu ch& ug |Dipha90° > DB2
dua dén hai mach diéu bién ngugc pha.
Dién 4p ra clia hai bo diéu bién: Hinh 6.33. So d6 khoi mach diéu ché pha theo Armstrong.

Udbl1

Piéu pha

Y Y

Udb2

Ugr=U, (1+mcos wgt)cosw,t =
m
=U, cosw,t+ EU” [cos(a), + wg )t +cos(w, — wy )t]
Usr=U,,(1-mcoswgt)cosw,t =

m . .
=U, cosm,t+ ?U[I [sm(oat + o)t +sin(®, — (os)t]

-

D6 thi vecto clia ug,, Uy, VA vecto tong Umat
db2

cua ching duoc biéu dién trén hinh 6.34.

T d6 thi ta thdy rang : téng cac dao mU.

S

U3 —
dong da diéu bién u = uy,+ ug, 12 mot dao ‘}m U
dong duoc diéu ch€ vé pha va vé bién do. et
Mach ¢6 nhuoc diém 13 luong di pha nhé. D& o rd
han ch€ dugc diéu bién ki sinh chon A@ nho. Y Ap
Dé c6 diéu bién ki sinh nhd hon 1% thi A A
mUnmUn
Ap <035 miamin

b) Mach diéu ché pha diing mach loc. Un U an
So d6 nguyén ly diéu ché pha ding mach Hinh 6.34. Do thi vecto clia tin hiéu diéu pha

loc dugc biéu dién trén hinh 6.35. theo mach Armstrong.
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Trong mach nay, tri s6 dién dung cta diode bién dung phu thuoc vao dién dp di€u ché€ ug. Khi
ug thay d6i thi tan s6 cong hudng chia mach loc 1éch khoi tan s6 tin hiéu vao f, mot lugng Af sao

cho d6i v6i tin hiéu vao, mach cong hudng la mot tré khang phic dugc xac dinh nhu sau:

. L 1
Z7—— ¢4  vé R, =—; - P »=— (6.93)
2A® 4 er © wer r ' VvLC

Av=w-w,va o, +0=20,.

+ Ucc

Goc pha cua trd khang d6 duoc
xdc dinh theo biéu thic (6.94).

2000 . A7 —
gD:arcfg[— Q a’J 694)
a)t —_— —_— —_—
R6 rang khi o, thay déi thi ? ZE{ ZE{ Us
Aw thay déi, do dé géc pha ¢

bién ddi mot lugng tuong ting. Qu4 —— rW*’]_"_|
Hinh 6.35. So d6 nguyén ly diéu ché pha ding mach loc

trinh diéu pha niy c6 kém theo
diéu bien ky sinh, vi |Z | ciing bién thién theo A@. Ciing tuong tu nhu di€u ché pha theo mach
Armstrong, néu gitt cho mic diéu bién nho hon 1% thi géc di pha cuc dai Ag = 0,35. Néu dung
nhiéu mat loc nhu trén hinh 6.35 thi nhd cdc khau ghép hgp ly, c6 thé lam cho dic tuyén
@ = f(ug) tuyén tinh hon, do d6 dat dugc lugng di pha tuong d6i 16n A@ =7 . Trong thuc t&
mach diéu ché pha thudng dugc dung két hop v6i mach tich phan dé thuc hién diéu tan gidn tiép.
Mach diéu tan gidn ti€p so v6i mach di€u tan truc ti€p thi lugng di tdn nho hon, vi Ap nho. Nhung
mach diéu tin gidn ti€p c6 do 6n dinh tin s6 trung tim cao, vi ¢6 thé dung thach anh trong ting dao
dong dé 6n dinh tan s6. Dé khac phuc nhugc diém vi luong di tdn nho, sau tdng diéu tin c6 thé méc
thém mot s6 tang nhan tin dé dam bao luong di tin theo yéu ciu nhu so d6 khai trén hinh 6.36.
7 1A nf, +nAf £ £nAf. nf, £n’Af f,£n’Af

1 » 2 » 3 > 4 » 5 > 6 —

Hinh 6.36. So d6 khéi minh hoa phuong phép nang cao lugng di tdn trong mach diéu tan gidn tié€p
(diéu tan thong qua diéu pha).
(1) Bo tao dao dong ; (2) Mach diéu tan gién ti€p ; (3) Mach nhan tan bac n ; (4) Mach tron tn ;
(5) Mach nhan tan bac n ; (6) Mach tron tan ; (7) Mach nhan tan bac (n-1)

Aw,

Tin hiéu diéu tdn c6 hé s6 diéu ché M ;= . Khi t4n s6 diéu ché ting thi M; giam (gia

Qg

thiét Ug = const) 1am cho ti s6 tin hiéu trén tap am (S/N ) gidm. Vi vay trude khi diéu ché, tin hieu
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diéu ché ug duoc dua qua mét mach loc thong cao. Céc thanh phén tdn s6 cao cla ug khi di qua
mach d6 dugc uu tién vé mat bién do. O ddu thu, sau khi tich s6ng lai phai ding mach loc thong
thdp c6 hing s6 thoi gian bang hing s6 thoi gian clia mach loc thong cao dé nhan lai sy phan bo
bién do theo tin s6 ding nhu tin hiéu thuc ban dau. Pay 1a mot trong cdc bién phdp dé nang cao
chét luong tin hiéu diéu tan.

6.4.4. Tach song tin hiéu diéu tan

1. Khai niém

Té4ch séng tin hiéu diéu tan I1a qud trinh bién déi do léch tan s6 tc thoi cla tin hiéu diéu tan so
v6i tin sO trung tam thanh bién thién dién dp & dau ra.

Dic trung cho quan hé bién déi, 1a dic tuyén Us 4
truyén dat ctia bo tdch séng. D6 la dudng biéu
dién quan hé giira dién 4p ra va luong bién thién
tan s6 & dau vao hinh 6.37.

= ]

Dé han ché méo phi tuyén, phai chon diém

lam viéc trong pham vi tuyén tinh cta dac tuyén
truyén dat (doan AB trong dac tuyén hinh 6.37).
Theo hinh trén c6 thé x4c dinh dugc hé so

Hinh 6.37. Dic tuyén truyén dat clia
bo tdch séng tan so.
truyén dat:

_ dug
T dAfIAf =0

T4ch séng tin s6 va tidch séng pha thudng dugc thuc hién theo mot trong nhitng nguyén tic sau

(6.95)

day:
- Bién tin hiéu diéu tdn hodc diéu pha thanh tin hiéu diéu bién, r6i thuc hién tdch séng bién do.
- Bién tin hiéu diéu tan thanh tin hiéu di€u ch& do rong xung, réi thuc hién tich song diéu ché
do rong xung nhd mot mach loc thong thap.
- Sir dung vong khéa pha PLL (Phase Locked Loop) dé tich song tin s6 va pha.
2. Mach dién b tach song tin so
a) Mach tdch séng pha cdn bdng diing diode
Mach tdch séng pha can béing 1a hai mach tdch séng bién do dung diode ghép véi nhau nhu
hinh 6.38.

Uaf

Uch
Hinh 6.38. Mach dién bo tich séng pha ding diode (a); D6 thi vecto cta céc dién dp (b).
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Tin hiéu can tdch séng Ia tin hiéu diéu pha u, dugc so sanh vé pha v6i mot dao dong chudn ug,.
Biéu thiic clia uy va ug, nhu sau:

Uy = U, cos(wy t+ @, +9y)=U, cose,(t)
Uy, =U, cos(@yt +@y,) =U, cos @, (7).
Dién ap dat 1én 2 diode D,, D, c6 bién do tuong ting la:
uy, =U, cos(w,,t + Py + Por )+ U, cos(@y,t +¢,,)
Uy, =-U, cos(wyt + P+ @p,) + U, cos(wy,t + @y,)

Dién dp ra tuong tng trén hai bo tich séng bién do xdc dinh dugc theo d6 thi vecto hinh
6.38(b).

U, (1) =ug = KUy, = K JUL +UZ +2U,U,.cos Agy, (6.962)
Uy =g, = KUy, = K5 JUL +U; =20,U,.cosAp,, (6.96b)
Trong d6 K 12 hé s6 truyén dat ctia bo tdch séng bién do, xdc dinh theo biéu thic 6.97.
u
Ky=— (6.97)
78 mU,
A@,, 1a hi¢u pha cua 2 di¢n dp vao;
Ago(z) = (a)m — Oy, )N+ Pyt Por — Pz
bién 4p ra cta bo tach séng:
Ug = Ug;— Ug
ug =K, L/Uf +U; +2UU,.cosAg,, — \/Uf +U; —2UU,.cosAg,, J (6.98)

Vay gia tri tidc thdi cua dién dp ra trén bo rdch séng phu thudc vao hiéu pha cta tin hiéu diéu
pha va tin hiéu chuén. Trudng hop ®y; = ®p, Qg = @y, thi dién dp ra chi con phu thudc vao pha cia
tin hiéu vao ¢,

Néu @y, = ®g,, va tin hiéu vao khong phai 1a tin hiéu diéu ché pha, nghia l1a ¢,,= 0 thi dién dp ra
c6 biéu thiic sau day:

ug =Kq L/Uf +U2 +2U,U,.cos¢, —/U? + U2 —2U,U,.cos p, (6.99)

Theo biéu thiic (6.98) dac tuyén truyén dat cdc bo tich séng pha can bang ug = f(A@) 1a mot
ham s6 tudn hoan theo hi¢u pha, n6 c¢6 cuc dai khi A@, =0, 2=, 4= ... cuc tiéu khi Ag, =7, 3=,
5m ... va bang khong khi A, =027z +1), n/2... (v6in=0, 1,2, ...).

Nguyén 1y 1am viéc cia mach nay dua vao su so pha clia hai dao dong giong nhu mach tich
séng dong bo. Vi vay c6 thé diing mach tich séng dong bo dé tich séng pha.

b) Bo tdch séng tdn s6 ding mach léch cong hudng.

Hinh 6.39 trinh bay so d6 bo tich séng tin s6 diing mach léch cong hudng.

DAu vao clia hai bo tdch séng bién do
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gbm D,, D, 1a hai mach cong hudng dugc M D1
diéu chinh cong huong tai céc tan s6 ®,; va ° g J_ 1 J_ Ii] Y
) R Usi
. DN ” A 5 , A 1 cl|U C
®,. Néu goi tan so trung tam cua tin hiéu v | L T ' i - y Us
EN N N ~ ~ z ‘ A ‘
diéu tan dau vao la o, = o, ta c6: ®;, = ®, + % 2 1 clu, J_ Cc R ﬂ Us
. — \ 4 Y
Awg 5 ©, = @) - Awy. 0 L %2 L !

Su diéu chinh mach cong hudng léch
Hinh 6.39. Mach dién bo tich séng tin s6

dung mach léch cong hudng.

khéi tan s6 trung tdm cua tin hiéu vao,
lam dién 4p vao ctia hai bo tdch séng bién
do (U,, U,) thay d6i phu thudc vao tan s6 clia dién ap vao. Tir mach hinh 6.39 ta xac dinh duoc:
U, =m.U,Z, (6.100a)
U,=m.U,7Z, (6.100b)
Trong d6 m 1a hé s6 ghép cta bién ap vao;

m= A ; M 1a hé s6 hd cam giita cudn so cip va thit cap bién dp vao;

L 1a hé s6 dién cam ctia cudn so cap;
Z,vaZ,la trd khang cta hai mach cong hudng 1 va 2.
Tuong tu nhu biéu thitc (6.93) ta tinh dugc :

Z1 _ thl _ thl (6.101a)
~ 2 1 e N2
IJ{ZQ((’) col)} \/ +(€-¢,)
0‘)1
Z2 _ thz — \/ thz (6.101b)
_ I+ (E+E)
1+{2Q (o coz)} (E+&,)
®,

Rui» Ry 18n lugt 12 tré khdng clia hai mach cong hudng tai tin s6 cong hudng o, , o,.
Q.. Q, Ia hé s6 pham chat ctia cac mach cong hudng twong ting. Chon hai mach cong hudng
nhu nhau, ta cé:
Ry =R =Ry
Q=Q:=Q
20

[00 - a)l,Z)

£ = la do léch tan s6 tuong do6i giita tdn s6 cong hudng riéng clia mach cong
@

o
hudng so véi tin s trung tam cla tin hiéu vao.
2Q‘a) -,

(2]

o

1a do 1éch tan s6 tuong doi gitta tan s6 tin hiéu vao va tan s6 trung tim cua no.

g

Khi tan s6 tin hiéu vao o thay déi thi Z, , Z, thay déi, kéo theo su thay déi clia bién do dién dp
vao clia hai mach tdch séng bién do U, U,, day la qu4 trinh bién déi tin hiéu diéu tan thanh tin hiéu

diéu bién. Qua hai bo tich séng bién do, ta nhan dugc céc dién 4p ra:
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R

ug, =K U, =K, ;mU, = % (6.102a)
VI+(E, -9
thz
ug, =K U, =K, qmU, = (6.102b)

VI+(E, +8)°
Dién 4p ra tong cong:

ug =ug —Uug, =K mR U, ,w(EE,)
1 3 1
JIHE -8 1+, +&)
V=V khi §=%£5,.
Do doc cha dac tuyén truyén dat dugc xac dinh nhu sau:
T jzsf ar=g RrMYaR dwfj‘)) £=0 KTsmfR[dUGn a +2§§)3/2

o

Trongds  y(&.&,) =

(6.103)

Vay hé s6 truyén cta bo tdch séng phu thuoc vao &,, dao ham S + theo &, va xét cdc cuc tri ta

thdy S, =S khi & = i—z . Vay muén c¢6 hé so truyén dat cuc dai phai chon lugng léch tan

f max

s0 Aw, theo diéu kién sau day:
w 1 w
Aw, = @usy _ +

T 20 22

T4ch séng dung mach léch cong hudng c6é nhuge diém 1a khé diéu chinh cho hai mach cong

o (6.104)

hudng hoan toan d6i xdng, nén it duoc ding.
¢) Tdch séng tdn s6 diang mach cong huong ghép.

Ug /U, &
Udb Cgh 0,5
> D1 .
H % y

L2 L1 J_ 04 p=3

= R 0,3 =
Un C2 Le ¢ / / B=2
= . 02 p=1

U, L1 Un R C 01 _——
o 7L | e
D2 0 05 1 15 2 S

(a) (b)
Hinh 6.40. So d6 bo tdch séng tan s6 dung mach cong hudng ghép (a);
Dic tuyén truyén dat clia bo tach séng (b).

Mach dién bo tich séng tin s6 dung mach cong hudng ghép dugc biéu dién trén hinh 6.40.
Mach lam viéc theo nguyén tic chuyén bién thién tin s6 thanh bién thién vé pha, sau d6 thuc hién
tdch séng pha nho bo tach séng bién do.

Tin hiéu di€u tdn mot mat dugc ghép qua bién dp dua dén khung dao dong thi cap, mot mat
dugc ghép qua tu C,. Do dé dién 4p dat lén cic diode D,, D, lan luot la:

U, =U,+U, (6.105a)
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u,=U+U,, (6.105b)
Ta phan biét 3 truong hop:
+ Khi tan s6 tin hiéu vao f = f, (d0 thi vecto hinh 6.41), trong d6 f, 1a tan s6 cong hudng cla
mach cong hudng so cap va thd cap, dong dién qua dién cam cham pha so véi U; mot géc 90° va
duoc xac dinh nhu sau:

I, = (6.106)

JoL,
1,, gy ra trong cudn day thi cép L, mot sic dién dong:
E,=joMI, (6.107)
Gia thiét M > 0, khi d6 E, sém pha so

véi 1, mot géc 90°. Ey sinh ra dong dién I,

trong mach cong hudng tht cap. Vi f = f,
tan s6 cong hudng, mach cong hudng thi cap
12 thudn trd, nén I, dong pha véi Ey,.

E
I, =—"% (6.108)
r
r, la dién tré t6n hao clia mach cong hudng  Hinh 6.41. D6 thi vecto cic dong dien va dién dp vio
thit cép. Diéndp U,, va Uy, ngugc pha véi clia bo tdch séng tan s6 diing mach cong hudng ghép

nhau, va léch pha so v6i I, 1a £90° . Vi Uy, va Up, ¢6 bién do nhu nhau nén dién 4p ra:
ug =K (Up —Up,) =0

+ Trudong hop f > f, (dudng dit nét) trén d6 thi vecto hinh 6.41. Mach cong hudng thi cap
mang tinh chét dién cam, nén I, cham pha so véi Ey, mot géc ¢ <90°. U,, va Uy, nguge pha nhau
va vuong goc véi I,. Gilta U, va Uy, Uy, c¢6 géc 1éch pha lan luot 1a ¢, va 7 —¢,. Tan s6 tin hiéu
vao cang lech khi tan s6 cong hudng trung tam f, thi bien do ctia [U | cang 16n hon bién do ciia
|UD2| , do d6 tri s6 dién dp ra ug cang 16n.

+ Truong hop f < f, thi mach thit cdp mang tinh chat dién dung, nén I, sém pha hon E,;, do
dé |UD1| < |UD2| vaug<O0.

Tém lai khi tdn s6 tin hiéu vao thay d6i thi dau nit cdc vecto Up, va Up, di chuyén trén cdc
vong tron 1 va 2 trén hinh 6.41 1am cho dién 4p ra thay ddi vé tri s6 va cuc tinh. Tri s6 dién 4p ra
dac trung cho do léch tan s6 cla tin hiéu vao so vdéi tin s6 trung tam f,, con cuc tinh cta dién dp ra
cho biét tan s& tin hiéu vao léch khoi tan s6 trung tam v€ phia nao (I6n hon hay nho hon f,).

Tinh todn cu thé, s& nhan dugc dic tuyén truyén dat ctia bo tich séng nhu biéu dién trén hinh

w— N . N ¢ .
6.40.a. Trong d6 & =20 © dic trung cho do 1éch tdn s6 so Vvéi tAn s6 trung tam va dugc goi
4]

o

1a d¢ lech tan s6 tuong doi, U, 1a tri s6 chuéin héa ctia dién dpra; B =k/Q lahé s6 ghép gitta hai
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M

VL L,

huéng va Q 1a hé s6 pham chat.

mach cong hudng, k = 1a hé s6 ghép téng quit; d =— Ia hé s6 tén hao clia mach cong

1
0

Tir dic trung truyén dat hinh 6.40(b) rit ra nhitng nhan xét sau day:

+ H¢ s6 tdch song S, phy thuoc vao h¢ s6 ghép S, S, =S khi f =0,85. Thuong § =1,

f max
licdo S, =S -

+Khi £ =%/ thi dic tuyén truyén dat doi chiéu bién thién. Thyc t€ dac tuyén chi dugc coi la

thang trong pham vi:

1
Ry (6.109)
Do d6 do léch tan s6 cuc dai cho phép & ddu vao phu thuoc vao £ . Tir biéu thiic (6.105) suy ra:
&) 1
20—"=<— (6.110)
¢ fo 2 /

Af,, 1aluong di tan cuc dai cua tin hiéu vao. Kinh nghiém cho thdy chon £ = 2,04 thi méo phi
tuyén la nho nhat.

Tach séng ding mach cong hudng ghép, it gdy méo va dé diéu chinh vi ca hai mach déu cong
hudng & ciing tin s6 f,. Tuy nhién tri s6 dién 4p ra trong bo tdch séng nay vira phu thudc vao tin s6
vira phu thudc vao bién do tin hiéu vao (|U 1|), nén né sinh ra nhiéu bién do. Pé khiac phuc hién
tuong nay phai dat trude bo tich séng mot mach han ché bién do.

d) Tdch séng ti 1é

D1
Mach dién tach séng ti lé duoc trinh | . —K T -
bay trén hinh 6.42. Bo tdich séng ti 1é& J_ U, o ©C Usi R
P ) i n  C — ciT = T
khic véi tadch séng cong huong ghép & ‘I' 0
~ . .. L1 b C Us2 R
cho: cédc diode tich séng dugc mac noi : J_i : N TI R
ti€p. Mach vira 1am nhiém vu tdch séng v R Iﬂ‘
vlra 1am nhiém vu han ché& bién do. °y;
Dong qua cic diode nap cho tu C,, Hinh 6.42. So d6 tich séng ti 1é.

hang s6 thoi gian 7 = RC, = (0,1+0,2) giay, khd 16n nén dién dp trén C, bién thién rat cham lam
cho nhiéu bién do giam. C6 thé chitng minh diéu d6 bing biéu thic sau day :
Usg =Ug —Up
U, ug+tug,

Véi u,=—>=
L) 2

Thay vao ta c6:
ug —Usy U, ug —ug,

ug = .
2 2 ug +uy,
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Usi g
U
Hay u, = —o Us2 (111)
S 2 u
SLiq
Ugy

. ‘A z 2 A N 2 A~ u ~, ~ A A 7
Khi U, = const, dién 4p ra chi phu thudc vao ti s6 —L; hon nifa ug, va ug, giong nhu bo tich
u
852

s6ng dung mach cong hudng ghép phu thudc vao bién thién tan s6 & dau vao. Vi vay bo tach song ti
s6 khong c6 phan tng d6i véi cdc bién thién vé bién do & ddu vao va tranh dugc nhiéu bién do.
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CHUONG 7
TRON TAN

7.1. Co sd ly thuyét vé tron tan

7.1.1. Khai niém chung

Tron tan 12 qud trinh khi tdc dong hai tin hiéu tdi 16i vao ctia mach thi trén ddu ra cia né nhan
duoc tin hiéu ¢6 cdc thanh phén tin s6 bing téng hodc hiéu tdn s6 cha hai tin hiéu d6. Thong thuong
mot trong hai tin hiéu vao 1a tin hiéu don am (cé mot vach phd), tin hiéu d6 goi 12 tin hiéu ngoai sai
cotdnsOla f, ¢ (sailéch véi tin hiéu kia mot gid tri goi 1a mot tan s6 trung gian ftg ). Tin hiéu con
lai 1a tin hiéu hitu ich (mang tin tiic) v6i tdn s6 1a f;, c6 dinh hoac la bién thién trong mot pham vi
nao dé. Tin hiéu c6 tan s6 mong mudn dugc tach ra nhd mot bo loc, tdn s6 cia né thudng dugc goi
la tan s6 trung gian f, .

Ciing nhu trong diéu bién, dé tron tan c6 thé dung cdc phan tir phi tuyén hodc cdc phan tir
tuyén tinh tham so.

Tron tan thuong duge ding trong may thu déi tan. Trong trong mdy thu déi tan bo tao dao
dong ngoai sai dugc doéng chudn véi tin hiéu cao tin mang tin tic thu dugc sao cho
Jie = Jus = fo, = const . Hai tin hi¢u ndy dugc dua vao bo tron tan, 16i ra ctia bo tron tan duge tin
hiéu, ma tan s6 bang téng, hiéu tin s6 cta hai tin hiéu vao. Nhd mach loc ctia bo tron tan ta thu

duoc tin hiéu c6 tan sO trung gian mang tin tic ftg . Sau d6 dugc khuéch dai bang céc tdng khuéch
dai cong huong (c6 tan s6 cong hudng bang tan so trung gian f,, ). Tron tan con dugc dung trong

céc hé thong thong tin dinh huéng, trong céc bo téng hop tin s6 ...

C6 thé phan loai mach tron tan theo nhiéu cich:

+ Phan loai theo phan tir tich cuc duoc ding dé€ tron tin, ngudi ta phan biét tron tan dung phan
tu tuyén tinh tham s& (mach nhéan) va tron tdn diing phan tir phi tuyén (diode, transistor ludng cuc
BJT, transistor truong FET ...).

+ C6 thé coi bo tron tan 1a hé thoéng tuyén tinh tham s6 12 vi qud trinh tron tin thudng duoc
thuc hién véi diéu kién U, << U,s. Lic d6 v6i tin hiéu hiu ich nho, dic tuyén Von-Ampe ciia phan
tlr tron tan c6 thé coi 1a thing, con duéi tic dung ciia dién 4p ngoai sai 16n, dién din clia phan ti
tuyén tinh thay déi. Nhu vay déi véi tin hiéu phan tir tron tin 1a mot hé théng tuyén tinh.

+ Ciing ¢6 thé phan loai theo so d6 tron tin (tron tan diode, tron tan transistor ...) hodc theo
cach chuyén phd vé phia tin s6 cao hoic chuyén phd vé phia tan s6 thap tlly thudc vao vi tri tuong
& dau ra. Gia thiét dac tuyén cua

doi gilta tan s6 tin hiéu f, & dau vao va tén so trung gian f,,

phan ti phi tuyén dugc biéu dién theo chudi Taylor sau day:
i=a,+au+au’ +..+au’ +.. (7.1)

trong d6 u la dién 4p dat lén phan tir phi tuyén duoc dung dé tron tan.

220



Trong trudng hop nay u =u, ¢ +u,, , trong do:
u,, =U,cosa,t
u, =U, cosw,t

Thay vao biéu thic 7.1 ta c6:

. a a
i=a,+a(U,coswt+U,cosw,t)+ ?z(UjS +U )+ 72(Ufs cos2m, it +U; cos2aw,t) +
+a,U, U, [cos(a)ns + w, )t +cos(w,g — , )t] +... (7.2)

Vay tin hiéu ra gém thanh phan mot chiéu, thanh phdn co ban @, ®,,, cdc thanh phan tdng
va hiéu @,¢+@,, va cc thanh phan bac cao 2 @, , 2 @, . Tinh cic v€ tiép theo clia biéu thic 7.2 ta
thay trong dong dién ra con c6 cdc thanh phan bac cao:

o=tne,*tmo,.
trong d6 m, n 1a nhitng s6 nguyén, duong.

Néu trén dau ra bo tron tan, 1dy tin hiéu c6 tan s6 @ = @, * ®,, , nghia 1a chon m, n = 1 thi ¢6
tron tan don gian. Trong trudng hop chon m, n > 1 thi ¢6 tron tan t6 hop.

Thong thudng ngudi ta hay dung tron tin don gian. Trong doan s6ng met va deximet dé nang
cao do 6n dinh tin s6 ngoai sai va gidm anh hudng twong hé giita mach ngoai sai va mach tin hiéu,
ngudi ta c6 thé ding tron tin té hop véi tan so tin hiéu ra:

O=nw,, -0, mz2)
7.1.2. Cac tham so co ban
Dong dién ra va dong dién vao ctia bo tron tan phu thudc vao tat ca cdc dién dp dit 1én né,
vi vay ta c6 thé viét:
i = f (gt (7.3)
Trong do:
u,;, =U, cosa,t
u, =U, cosw,t
u, =U,cosm,t.

Thuong Uy, va U, << U, ¢ nén c6 thé bi€u dién gan ding dong dién ra theo chudi Taylor nhu

sau: (chi 18y cdc s6 hang bac nhat):

. of (u of (u

lr — f(uns) + f( nS) .uth + f( nS) 'utg
ou,, ou

g

= inS + S(unS )Mth + g(unS )u!g (74)

Vi u, 12 tin hiéu tudn hoan theo thdi gian nén i,s, S(u,s) va g(u,s) cling tudn hoan theo thoi
gian. Tuy nhién né 1a két qua clia qué trinh u,g tdc dong 1én phan ti phi tuyén, nén ngoai thanh phin
bac nhét déi véi tdn s6 ngoai sai, con c6 cdc thanh phan bac cao khéc, do d6 ta cd:

221



io(ug)=1 +1coswt+1,c082m,t+...
S(u,g)=S,+ S, cosw,t+S,co82wm,4t +...
gug)=G, +G, coswt+G,cos2m,t +...

Thay vao biéu thic 7.4 ta nhan duoc:

0 0 0
i = Zln cosna, t+U, cosw,t ZSn cosna,st+U, cosm,t Z G, cosnw, gt
n=0 n=0 n=0

0 1 0
i = Zln cosSnm, gt + —U,hZSn [cos(na)ns + )t +cos(nw,g — m, )t]+
n=0 n=0

1 0
+ EU’gZG’“ [cos(n @,5 + W, )t +cos(nw,s — a)tg)t] (7.5)

n=0

Vay trong dong dién ra c6 cdc thanh phan tan s6 no tw,, ot o

th

nw,, néu ldy s6 hang

bac cao cua chuoi Taylor con thi trong dong dién con ¢ thanh phan nw, ,no,, no+o,va

nw, +a)tg voi m,n> 1.

Gia thiét chon:

0, = naw,; —, thithbicu thic 7.5 ta co:

.1
Iy =5.U,,1Sn cosw, t+U,G, cosm,t (7.6)
Tai cia bo tron tdn duogc diéu chinh cong hudng & tin s6 trung gian, nén chi c6 thanh phén tin

s0 trung gian ¢4 bién do 16n trén tai. Khi d6 bién do ciia dong véi tan s6 trung gian
|
Irg = E'SnUth + GinUtg (77)

Biéu thitc 7.7 duoc goi 1a phuong trinh bién déi thuan ctia bo tron tan, trong dé S, 1 bién do

I U,s)

hai bac n clia ham, § ="/ d3ic trung cho hiéu ting bién déi thuan clia bo tron tan.

th

of (u,s)

G,, la thanh phan mot chiéu ctia ham, g = R dac trung cho su thay déi dién dan trong
uth

cac b tron tan doi véi thanh phan tan s6 trung gian.

Tuong tu nhu trén dong dién vao cing la ham phy thuoc vao u,g, u,, u,, voi

U ta co:

U, <<U

th nS

1
1, = E'SngnUth + G},OUth (7.8)

Biéu thic 7.8 goi 1a phuong trinh bién déi ngugc clia bo tron tin, dic trung cho hién tuong
hoi ti€p duong vé dién dp trong bo tron tan.

Trong bi€u thic (7.8) thi §,,, 1a bién do thanh phan bac n ctia hd dan bién d6i nguoc. G, 1a
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thanh phan mot chiéu cua dién dan vao g, = AR dac trung cho su thay déi dién dan vao cha
ou,,
bo tron tan.
Tir cdc biéu thiic trén c6 thé suy ra cdc biéu thitc dinh nghia vé cdc tham s6 co ban ctia bo tron
tan nhu sau:
+ H6 dan tron tan:

1

g

=
Uth

1
=S 7.9
U,=0 27 7

+ Dién dan trong cta bo tron tan:

g
" = =G, (7.10)
! U[g Uth = O(utg)
+ Hé s6 khuéch dai tinh:
U 1, /G,
,un=i=M=SR (7.11)

U,h I,g / S” 1t Vit

+ H6 dén tron tan ngugc:

1 1
Sttng = - =3 Snng (7 12)
U, Up=0 2
+ Dién dan trong khi c6 hién tugng tron tan nguoc:
1
Gin = — = GV() (713)
¢ Uth Ufg =0
+ Hé s6 khuéch dai tinh khi déi tAn nguoc:
U,
Iung = U_f = tnging (714)

g
Tur dinh nghia cdc tham s6 trén day, c6 thé viét lai cac biéu thic (7.7) va (7.8) nhu sau:
1,=8U,+G,U, (7.15)

1,=5,U,+G,U, (7.16)

ttng

Hé phuong trinh gébm (7.15) va (7.16) tuong duong vé6i phuong trinh dan nap ctia mot ti
cuc. Tir hé phuong trinh c6 thé suy ra so d6 tuong duong clia no.
7.2. Mach trdn tan

7.2.1. Mach tron tan dung diode

Mach tron tan ding diode duoc ting dung rong rai ¢ moi tan s6, dic biét 1a pham vi tdn s6
cao (trén 1 GHz). Mach tron tan ding diode ¢6 nhugc diém 1a suy giam tin hiéu.

Tuong tu nhu cdc mach diéu bién, mach tron tdn gom c6: mach tron tdn don, mach tron tin
can bang va mach tron tn vong. Nhung dac diém 1a 16i ra chia mach tron tan déu c6 mach loc LC,

dé loc 1ay thanh phan tn s6 trung gian Jfi - S0 d6 mach tron tan don dung diode dugc trinh bay trén
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hinh 7.1. Diode, mach tin hiéu, mach ngoai sai vd mach trung DII
gian méc noi ti€p v6i nhau . Un D
Trong so d6 diode D 1a phén tir phi tuyén, dic tuyén cta [] z

né dugc biéu dién theo chudi Taylor. Unsf

i=a,+au+au’ +au +..
2 an Hinh 7.1. Bo tron tan ding diode
O day u = uy, +u,g
Ta c6:
‘i) .

i= ao + al (uth + unS) + a2 (uth

i=a,+au, +au,+au, +aus+2au,u g+ .. (7.17)
Trong biéu thic 7.17 ta chi y dén s6 hang 2a,u,u,, vaditl= 2a,u,u,, khi do:
I =2a,U,sinw, +U, ¢sinw, +...
I=a,U,U,; [cos(a)ns +w, )t —cos(w,; — o, )t] .
Vay dong dién ra clia bo tron tan chira hai thanh phan ¢ + @, va ®,; — ®,, . Cic thanh phan
conlaicéphd 1a w5, 20,5, @, , 20, ...

Néu la khung cong huong LC méc song song ¢6 tin s6 cong hudng:
1
W, =—F—==0, —0, (7.19)

ch \/E

thi trén khung chi t6n tai thanh phén phd tuong tng (@,; — @,,) va
U,=7,a,U,U  cos(w,—w,)t (7.20)

Z 12 trd khang cong hudng clia khung cong hudng mac song song LC & 16i ra clia bo tron tan.

O day cin c6 diéu kién (@,5 — @,, ) phai cich xa®, g vd @, mot khoang 16n hon giai thong
ctia khung. C6 nhu vay thi o, va ®,, méi khong lot t6i 16i ra ciia bo tron tan.

Néu uy, 1a tin hi¢u di€u bién, thi u, van 1a tin hi¢u dicu bién, chi khic tin s6 12 @, = @5 — @, .

Trudng hgp tin hiéu diéu ché 1a am thanh thi: 2A® =2Q) vao khoang 20KHz. Tan s6 trung tan
clia mdy thu diéu bién qui dinh 12 465KHz, khi d6 c6 thé suy ra gia tri clia do phdm chat Q.

w W, —w, 465

0=—25 = = ~23.
2Aw 2Aw 20

D6i v6i tin hiéu diéu tin, bé rong cta phd 16n dén hang tram KHz. Chinh vi vy ma tan s6
trung tan véi tin hiéu diéu tin FM qui dinh 12 2MHz.
7.2.2. Mach tron tan dung phan tir khuéch dai

Pé tron tan c6 thé dung transistor ludng cuc, transistor truong va khuéch dai thuat todn. Pic

diém chung ctia hé tron tan loai nay 1a con khuéch dai tin hiéu.
1. Mach tron tan ding transistor
Mach tron tdn ding transistor c6 thé méc theo so d6 base chung hodac emitter chung. So d6

base chung dugc dung trong pham vi tdn s6 cao va siéu cao, vi tan s6 gi6i han cta né cao.
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Tuy nhién, so d6 base chung ¢6 hé s6 truyén dat ctia bo tron tan thdp hon so véi so d6 emitter
chung. C4c tham s6 clia s6 d6 tron tin phu thudc vao diém lam viéc, vao do 16n cta dién 4p ngoai
sai va vao tham s6 cua transistor. Vi nguyén tic c6 thé phan biét so d6 tron tan dung transistor don,
day kéo.

Trén hinh 7.2 mot s6 cdch méc so d6 nguyén 1y bo tron tan ding transistor don.

Hinh 7.2. So d6 nguyén ly bo tron tin dung transistor don:

So d6 base chung véi dién dp ngoai sai dat vao emitter (a); so do bazo chung véi dién dp ngoai sai dat
vao base (b); so d6 emitter chung véi dién dp ngoai sai dit vao base (c); so d6 emitter chung véi dién ap

ngoai sai dat vao emitter (d).

Trén co s& cdc so d6 nguyén ly d6, nguoi ta thiét |
ké& nhiéu loai so d6 thuc t&€ khdc nhau. Hinh 7.3 trinh Ri :g v
bay so d6 nguyén 1y bo tron tan ding transistor don.

Trong mach hinh 7.3. Tin hiéu cao tin da diéu Ua I
ch& u,, va tin hiéu ngoai sai cing dua vao base cua

transistor. U I
ns | C1
—1—]

Mot s6 truong hop nguoi ta thuc hién mach tron

1
Hinh 7.3. Mach ddi tan duing transistor.
E

Ce
Umc _L g - B
e L TN
ch—‘ Tcz J.Lg }_—IV ©

Ucc (a) (b)

tan tu dao dong dugc bi€u dién trén hinh 7.4.

Hinh 7.4. Tang tron tan ty dao dong.

Transistor vira 1am nhiém vu tron tin vira tao dao dong ngoai sai. Dién dp ngoai sai duoc tao
lén nhd qud trinh hoéi ti€p duong vé emito qua cudn day L, va L,. Dién ép tin hiéu u,, dugc dit vao
base qua bién dp vao. C, va L, tao thanh mach cong hudng noi ti€p vdi tan s6 trung gian. Nho d6
dién dp cha tdn s6 trung gian bi ngin mach & dau vao, do d6 loai trir dugc hién tugng tron tin
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nguoc. DE tranh dnh hudng tuong hd giita dién 4p tin hiéu vd dién 4p ngoai sai, ngudi ta két ciu
mach dudi dang mot so do cdu (hinh 7.4b), trong d6 R, va C, la phan ti ki sinh cta mach vao
transistor.
Khi cdu can bang khong con su lién két gifta mach tin hiéu va mach ngoai sai nita
Mach tron tan theo so d6 ddy kéo duoc biéu dién trén hinh 7.5. Chiing ¢6 nhiéu vu diém so véi
tron tan don.
- Méo phi tuyén nho (hai bac chin bi triét tieu).
- Phé tin hiéu ra hep.
- Anh hudng tuong hd giita mach tin hiéu va mach ngoai sai it.

- Kha ning xuét hién diéu ché giao thoa thap.

U[g
Un l

Uns 3
Uns
O + Ucc

(@)
Hinh 7.5. Mach tron tdn ddy kéo: (a) So d6 nguyén ly ctia mach tron tdn déy kéo;
(b) Mach tron tan ddy kéo dung transistor c6 mach emitter va base chung.

0 + Ucc

aUnS

Vi nhitng uu diém dé6, nén loai mach nay hay dugc dung trong bo tron tan clia mdy phat.
So @6 hinh 7.5(a) hai transistor 1am viéc & ch€ do B. Do cdch méc mach nén dién dp dat vao
transistor T, va T, 1an luot la:
Uy =U,g +Uy VA Uy = U, — Uy,
Do mach ra dugc mic ddy kéo nén dong dién ra:
lo =g +ig,
L. . 2
voi icy=a,+a(u,+u,)+a,(u,g+u,) +..
. 2
iy =a,+a(u,g—u,)+a,(u,g—u,) +..

+4a,u,cu, + 2a3u[3h + 6a3unsufh +...

Ta cé i =2a,u,
Trong d6 u, =U, ¢ cosw, ¢
u, =U, cosw,t.
Bién d6i biéu thic trén ta thdy trong dong dién ra ¢6 cdc thanh phan tin s6 @,,, 3w, ,
3w, tw, va 2o, tw,.
Trén hinh 7.5(b) la so d6 tron tan ddy kéo thuc t€. Trong so d6 nay khong cén noi dét giira
mach vao va mach ra, nén két cdu don gian hon. Déc diém clia so d6 cdc emitter va collector clia

hai transistor néi véi nhau.
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Mach loc & trén hai transistor, loc 1y thanh phan mong muén @, = @,; — @, -

2. Mach trén tan diung transistor truong

Khéc véi transistor ludng cuc, transistor trudng cé dic diém 13 quan hé gitta dong ra (dong cuc
mang) I, va dién 4p vao ugg 12 quan hé bac hai, nén khi ding dé tron tan s& gidm cac thanh phéan
phé & ddu ra va han ché€ dugc hién tuong giao thoa diéu ché giao thoa. Ngoai ra dung transistor
trudong dé tron tn s& giam dugc tap am va tang duoc dai dong cua tin hiéu vao.

Hinh 7.6 trinh bay cdc so d6 tron tdn ding transistor trudng.

1 g
IR E rTeT

(@) Uns +

Hinh 7.6. So d6 tron tin dung transistor trudng.
(a) So d6 tron tan don véi cuc ngudn chung; (b) So dé ddy kéo cuc nguén chung.

Nguyén i 1am viéc clia ching hoan toan giong cich dung transistor ludng cuc.

7.3. Vong khéa pha PLL (Phase Loocked Loop)

7.3.1. Khai niém vé vong khoa pha

Vong khéa pha con ¢6 tén goi khdc: vong bdm pha hodc vong giit pha 1a hé thong c6 hoéi tiép
dé khong ché tan s6 va pha cua tin hiéu & ddu ra phit hgp véi tan s6 va pha cta tin hiéu & ddu vao.

Dang tin hiéu & d4u vao c6 nhiéu loai khdc nhau, bao gom loai hinh sin, xung, hoic cdc dang
tin hiéu trong diéu ché s6. K¥ thuat khéa pha dugc ting dung 14n d4u tién vio nam 1932 trong hé
thong tdch déng bo cua cdc tin hiéu.

Bit dau vao nam 1960, cac chuong trinh vé tinh NASA da st dung k¥ thuat tich pha dé xac
dinh tan s6 tin hiéu truyén qua vé tinh. Mac du su truyén tin dugc thiét k€ tai tdn s6 108MHz, su
troi dao dong cao tan va dich chuyén Doppler gy ra sai léch mot vai kHz trong tin hiéu thu. Tin
hiéu truyén c6 do rong bang thong rat hep, nhung do su troi tAn s6 nén mdy thu can thiét c6 bang
thong rong hon nhiéu. Két qua 1a cong suat nhiéu tang lén, vi cong suat nhiéu cta bo thu ti 1& véi do
rong bang thong. Tuy nhién hé thong thong tin vé tinh duoc cai thién bang viéc st dung vong khoa
pha dé khong ché tin so truyén, va vi vay cho phép mot do rong biang thong bo thu hep hon, va
cong sudt nhiéu diu ra it hon.

Vong khéa pha c6 hai loai: tuong tu va s, nhung phan 16n dugc thiét k€ gom ca hai loai nay.
Mot s0 tac gia goi vong khéa pha s6 khi chiing ¢6 chita mot hodc nhiéu linh kién s6. Chiing ta goi 1a
vong khoa pha s6 (DP.LL — Digital Phase Loocked Loop), khi PLL chifa tit ca cdc phan tir déu 1a
dang so.

Mot s6 tng dung quan trong clia vong khéa pha 12 : diéu ché, giai diéu ché tin s6 (FM), giai
diéu ché FSK, gidi ma am tin, nhan tan, déng bo xung déng ho, t6 hop tan s6.
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Hinh 7.7 trinh bay céu tric co ban ctia vong khoéa pha.

Bo tdch song pha hay goi  f, Tich song | Ue Bo loc Ud
la bd so sanh pha (Phase pha thong thap Vo

comprator) tao ra tin hiéu dau

oc

ra 1a ham cta pha va tan so
” s s ‘A N . ‘A Bo chia
cua hai tin hiéu vao. Tin hiéu tan

ra ctia bo tich séng pha dugc
loc (c6 thé duge khuéch dai) Hinh 7.7. So d6 khéi clia vong khéa pha.
bdi mach loc thong thap (Low Pass Filter). Thanh phan mot chiéu tir bo loc thong thip (ti 1€ véi tin
hiéu vi sai) dua vao diéu khién bo dao dong dugc diéu khién bing dién dp (VCO — Voltage
Controlled Oscillator). Tin hiéu héi ti€p vé bo tdch séng pha chinh tin hiéu tr VCO qua b chia tin
(hé s6 chia N).

bién 4p diéu khién VCO, u, tic dong vao VCO dé thay déi tdn s6 sao cho gidm su khac biét
giita tdn sO tin hiéu vao va tin s6 diu ra clia bo chia.

Hién nay vong khéa pha vi mach ho CMOS CD-4046 dugc ting dung rat rong rai. Cong suit
tiéu thu ctia vi mach nay rat nho, do tiéu thu rat it nang lugng dién nén vi mach nay dugc dung
trong cdc thiét bi vién thong x4ch tay, diing pin ...

Khi khong c6 tin hiéu vao vong bam pha, dién dp & 16i ra clia bo so sanh pha u,, bing 1/2

e(t)
dién dp nguon nuoi mot chiéu, dién dp & 16i ra cau,, c6 gid tri bang u,,, . Mach phét xung tan s6
dugc diéu khién bang dién 4p VCO phat ra xung tan so rieng f, goi 1a tin s6 dao dong trung tam
(Center Frequency). Khi c6 tin hiéu dua vao hé thong PLL, bo so pha s& so sdnh pha va tan s6 cla
tin hiéu va tin hiéu ra cia VCO, tao ra & 16i ra cia né mot dién ap ti 1& véi su 1éch pha va tin s6 cua
hai tin hiéu vao. Dién 4p nay duogc loc qua bo loc thong thap dua t6i 16i vao diéu khién VCO. Pién
dp diéu khién 1am thay doi tdn s6 cia VCO gidm bdt su khac nhau vé tan s6 gifta tin hiéu vao va tin
hiéu ra cia VCO. Néu hiéu tan s6 f cua tin hiéu vao va f,., nam trong dai truyén cta bo loc
thong thap s& xay ra hién tugng dong bo hay bat chap vdi tin hiéu vao. Sau khi bat chap tan s6 f,
béng tan so tin hiéu vao, tuy nhién vin c6 do léch pha nao dé. Su khdc biét vé pha Ia cin thiét, vi né
tao nén dién dp & 16i ra clia bo so pha u,,, d€ diéu khién VCO phat xung & tan s6 tin hi¢u vao f,
nhu vay PLL & trang thdi giit chap tan s6. Puong nhién, khong phai véi tin hiéu vao nao, PLL ciing
bat chap tan s6, ma chi c6 tin hiéu vao tan s6 ¢ trong mot dai hitu han nao dé gan véi f, thi PLL
mdi bat chap duge. Dai tin s6 ma PLL duy tri dugc tinh trang chap tin s6 véi tin hiéu 16i vao duoc
goi 1a dai gitt chap (Lock range) hay 1a dai bam cta hé théng PLL. Dai tan s6 trén d6 hé théng PLL
c6 thé bat chap mot tin hiéu vao goi l1a dai bat chap (Capture range). Dai bit chap bao gid cling nho
hon dai gitt chap.

Chiing ta c6 thé ding mot cach khac dé miéu td hoat dong ctia PLL. B0 so sénh pha thuc chat
1a mach nhan, né tron tin hiéu vao va tin hiéu VCO, su tron ndy tao ra tin s6 bing tong va hiéu cua

hai tin s6 & hai 16i vao f £ f-,. Khi mach & trang théi chap thi hiéu tin s6 f§ - f,,= 0. Khi d6
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dién 4p & 16i vao diéu khién & miic giita ctia dién 4p nguén nuoi (bo so pha khong tac dong). Bo loc
thong thap loai boé thanh phan tan s6 téng (vi né nim ngoai dai truyén ctia bo loc). Can chi y ring,
dai gitt chap doc lap vdi dai tdn so chia bo loc thong thap, vi rdng khi mach & trang thdi gift chap
hiéu tan s6 bang khong.

Sau day ching ta s& nghién cttu cdc hién tugng quan trong trong PLL 1a bét chap va giit chap.
Khi mach chua & trang thai chap, bo so pha tron tin hiéu vao va tin hiéu ra cia VCO dé tao ra thanh
phin tdn s6 téng va hiéu clia hai tin hiéu d6. Néu thanh phan tin s6 hiéu nim ngoai dai truyén clia
bo loc thong thép thi nd bi loai bod cling thanh phén tan s6 téng, do d6 trong mach khong c6 thong
tin ndo truyén qua mach loc thong thap dé diéu khién VCO, do d6 VCO phat xung véi tin s trung
tam ban dau f, . Khi tan s6 tin hiéu vao tién gan dén tan s6 trung tam £, cua VCO, thi tan s6 hiéu
giam xudng ti€n gan dén bién dai tan cua bo loc thong thap. Lic d6 mot phan cua thanh phan tan s6
hiéu di qua bo loc thong thap diéu khién VCO phat tin hiéu & tin so cha tin hiéu vao theo huéng sao
cho tan s6 hiéu gidm, cho phép nhiéu thong tin di qua bo loc thong thap diéu khién VCO.

Dai bét chap 1a dai tan s6 1an can tan s6 dao dong tu do ban dau cia VCO ma trén d6 hé PLL
c6 thé bat chap véi tin hiéu vao. Dai bat chap thé hién, tin s6 cta tin hiéu vao phai tién lai gin tin
s6 ctia VCO nhu thé nao dé€ tan s6 phat ciia VCO chuyén thanh c6 cling tin s6 véi tin hiéu vao. Dai
bit chap phu thuoc vao dai tin ctia bo loc thong thip va hé s6 khuéch dai chung clia hé thong.

Dai gitt chap 1a dai tin s6 & lan can tdn s6 dao dong tu do ctia VCO, ma trong d6 mach héi tié€p
c6 thé theo ddi tin hiéu vao sau khi da chap tin s6. Khi mach da & trang thai chap, thanh phan tan s6

clia tin hiéu ra bo so pha v, 1a dong mot chiéu di qua bo loc thong thap. Nhu vay dai gitr chap

e(1)
duoc gidi han bang khodng bién thién cta dién ap uy dat vao 16i vao diéu khién VCO, tao ra do léch
tan tuong ing cua VCO. Dai giit chap chi yéu la thong s6 dong mot chiéu va khong chiu anh hudng
dai tan ctia bo loc thong thap.

Chiing ta cin phan biét dai bat chap va dai gilt chap. Dai bat chap c6 thé c¢6 bat ci gia tri nao
trong pham vi khoang gitt chap. Dai bat chap giam khi dai tan s6 clia bo loc thong thap giam. Trong
khi d6 dai gitt chap khong bi chi phéi bbi bo loc thong thdp ma chi do hé s6 khuéch dai cta he, va
dai bién déi clia dién 4p mot chiéu uy quyét dinh.

Hinh 7.8 mo ta su bién d6i tan s6 - dién dp ctia PLL.

Cho tin hiéu vao PLL, tan s0 cua né dugc quét tir tir trén mot dai rong (truc hoanh). Truc tung
la dién dp tuong ung u, dat vao 16i vao diéu khién cia VCO. Trén hinh 7.8(a) tan s6 cua tin hiéu
tang dan, dién dp uy = u, khong déi, cho dén khi tan so tin hiéu vao f; = f, tuong tng véi bién
duéi chia vong bét chap. Lic d6 hé bét chap véi tin hiéu vao va tao ra buéc nhdy dién dp u, véi ddu
am.

Sau d6 VCO thay déi tan so vé6i hé s6 géc bing nghich dao clia hé s6 khuéch dai 16i vao clia

VCO (1) va di qua gid tri u, khi f = f,, tdn s6 cua tin hiéu ra cia VCO, bam st tan s6 tin hiéu
vao dat dén f, . Tuong tng véi bién trén cua khoang gitt chap. Khi d6 hé mat bam, dién dp u, nhay

xudng bang u,, va tao ra dao dong tu do ctia VCO.
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|
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I
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I
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| Hudng quét tan s6
Dai bat chap N
Y 1
I

I 2Afs
Hinh 7.8. Dic trung bién d6i tan s6 - dién 4p chia PLL.

Néu lai cho tan s6 tin hiéu quét theo chiéu huéng giam dén, thi qué trinh 13p lai nhung dao
ngugc so voi truée hinh 7.8(b). Mach bat chap tai tdn s6 f; tuong tng v6i bién trén cta dai bat
chap va bam sét tan s6 tin hiéu vao, cho dén khi tan s6 tin hiéu vao bang f, tuong Gng véi bién
dudi cta dai giit chap.

Nhu vay dai giit chap cua h¢ 1a ( f, + f,) va dai bat chap ( f,+ f;).

Do dic tuyén bien déi tdn s6 - dién dp nhu trén clia PLL ¢6 tinh chon loc véi tan s6 trung tam
f, cua VCO, n6 chi phan tng v6i nhiing tan s6 tin hiéu vao sai léch v6i f, va Af, hoac Af.
(f3 ;f1) va AfG _ (fz ;f4)

, tly theo mach bt dau c6 hay khong cé diéu kién bat chap

Afy =

pha ban dau. £ veo ko)
Su tuyén tinh ctia dic trung bién déi tin s6
sang dién 4p ctia PLL, chi do hé s6 bién déi clia fmax |[— — — — — — — —
VCO quyét dinh, do d6 thuong doi hdi VCO c6
dic tinh bién doi dién 4p sang tan s6 & mic do fo b _

tuyén tinh cao.

Hinh 7.9 trinh bay dudng dac trung cla su fmin

|
|
|
|
| |
| |
| |
phu thudc tin s6 phét ctia VCO vao dién 4p diéu I I I

1 1 1 Ud (v)
Udmin Udo =Uo Udmax

khién u,, & day f,,, va f,, tuong ting véi tan s6
Jo v f, tin s6 gi6i han clia dai giit chap: Hinh 7.9. Su phu thuoc clia tin s6 VCO
2M o= fo - 1y vao dién 4p diéu khién.

7.3.2. Céc khoi co ban ctia vong khéa pha PLL

Hé thong PLL goém cac khéi co ban: Bo tao dao dong c6 tan s6 diéu khién dugc (VCO, CCO),
bo tach séng pha, bo loc thong thap. Ngudi ta thudng cin cit vao so d6 bo tach séng pha, va bo loc
thong thap dé phan biét cac PLL vé6i nhau. Tuy nhién so dé bo tdch séng pha vin dugc coi 1a dic
trung co ban nhat cta PLL.

Hinh 7.10 trinh bay so d6 kho6i cia CMOS PLL CD-4046.
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Hinh 7.10. So d6 khoi chia vong bam pha CMOS PLL CD-4046.

CD-4046 1a vi mach don kh6i gom 16 chan. Bao gém: mdy phat diéu khién bing dién 4p VCO
cong sudt thap, tuyén tinh, va hai bd so sanh pha c6 cuing bo khuéch dai tin hiéu vao, cing mot 16i
vao so sdnh. Diode 6n 4p c6 dién 4p u, = 5,2V dé€ tao ra dién 4p mot chiéu 6n dinh diung dé diéu
chinh néu cén thiét. VCO duoc noi truc ti€p hodc qua bo chia tin téi bo tach séng pha. Bo loc thong
thap duoc néi & mach ngoai dé c6 thé thay déi cau tric clia hé trong ting tng dung cu thé. Sau day
ching ta xét cac khai.

1. B¢ tdch song pha (bo so sanh pha)

Bo tdch séng pha c¢6 nhiém vu cho ra mot tin hiéu phu thudc vao hiéu pha hodc hiéu tan so cta
hai tin hiéu vao. Cac tin hiéu vao thuong la tin hiéu hinh sin hoac day xung chit nhat. Nguoi ta phan
biét tich s6ng pha tuyén tinh va tdch séng pha phi tuyén (tich séng pha s6).

B0 tach séng pha tuyén tinh thuong duge thuc hién bdi mach nhan tuong tu. Tin hiéu ra cua né
ti 1& vé6i bién do cdc tin hiéu vao.

Bo tach séng pha s6 dugc thuc hién bdi cdc mach s6 (AND, OR, NOT, XOR,...). Tin hiéu vao
clia n6 la day xung chit nhat. Tin hiéu ra khong phu thudc vao bién do tin hiéu vao, ma né phu
thudc vao tin s6 va pha ctia céc tin hiéu vao.

Cong nghé ché tao CMOS khé thuc hién viéc khuéch dai tin hiéu tuong tu, do d6 thiét bi cia
PLL trinh bay trong hinh 7.10 dung tich séng pha.

Trong so d6 khéi clia né c6 hai bo tdch s6ng pha. Ca hai bo tiach séng cuing chung bo khuéch
dai 16i vao va cuing duoc ndi véi 16i vao so sanh.

a) B¢ tach séng pha I (B¢ so sanh phal)

Bo tach séng pha I 1a mach hoac tuyét d6i (XOR), mach nay hoat dong twong tng véi tin hiéu
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ngudng clia bo tron can bing. Dé dat dugc dai chap 16n nhat, cac xung & 16i vao tin hiéu va 16i vao

so sanh phai 12 cdc xung vudng c¢6 do rong xung biang do cdm xung. Khi khong ¢6 tin hiéu & 16i
.V e e
vao, & 16i ra ctia bo so pha I (tich séng pha) c6 dién 4p bing % Bo loc thong thdp ndi véi 16i ra

cuia bo tach séng pha I cap dién ap trung binh cho cuc diéu khién ctia VCO, lam cho VCO phit ra
xung vuong c6 tan s6 bang tan so trung tam £, . Vi hé tich s6ng pha I dai tin s6 trong d6 PLL c6
thé thiét 1ap trang thdi bt chap phu thuoc vao dai tan s6 clia bo loc thong thap va cé thé 1am cho
dai bat chap 16n bang dai gilt chap. Bo tich séng pha giit cho PLL & trang thai giit chap mac du
nhiéu & 16i vao c6 thé rat 16n.

b) Bo tdach song pha Il (Bé so sanh pha Il)

Bo tdch s6ng pha II 12 mot mang nhé s6 duge diéu khién bang sudn xung. Bo tich s6ng pha 11
gém 4 trigo RS c6 chung clta diéu khién va mach ba trang théi & 16i ra. (C6 thé tim hiéu trong céc
gido trinh ky thuit s6).

2. Mdy phit diéu khién bing dién dp VCO

Yéu ciu chung d6i vé6i céc bo tao dao dong cé tan so diéu khién dugc 1a quan hé giita dién 4p
diéu khién va tin s6 clia ddy xung ra phai tuyén tinh. Ngoai ra mach phdi c6 do on dinh tin s6 cao,
dai bién déi clia tin so theo dién 4p vao rong, don gidn, dé diéu chinh va thuan lgi d6i véi té hop
thanh vi mach (khong c6 dién cam).

3. B¢ loc thong thdp

Su khéc nhau gitta tin s6 va pha cta tin hiéu vao va tin hiéu cia VCO qua bo tdch séng pha va
bo loc thong thdp tao thanh dién dp uy. Dién dp nay dong vai trd diéu khién tan s6 phat cua VCO.

Bo loc thong thap & day dung mach RC 16i ra trén tu C, dai tan s6 clia né quyét dinh dai bat
chap ctia PLL.

7.3.3. Ung dung ctia vong khéa pha PLL

PLL dugc ting dung trong nhiéu linh vuc trong k¥ thuat vo tuyén dién, trong ky thuat truyén s6
liéu, cling nhu trong k¥ thuat do ludng. Cac tng dung clia né chung quy lai déu 1a nham bién doi
tan s0, di chuyén tin s6 tir mién tan s6 thap sang mién tin s6 cao va nguoc lai.

Sau day s€ xét mot s6 ting dung co ban cua noé.

1. Tdch song tin hiéu diéu tin

Khi dung PLL dé tach séng tin hiéu diéu tan, phai thi€t k& sao cho tin s6 dao dong tu do
clia né triing vdéi tan sO trung tam cia tin hiéu diéu tan. Tan s6 cia VCO bdm theo tdn s6 cua tin
hiéu di diéu tan & 16i vao tin hiéu cha bo tdch séng pha. Dién dp u, 6 16i ra ctia mach loc thong thap
ti 1& v6i hiéu tan s6 Af =, —f, va ti 1¢ v6i hiéu pha cta 2 tin hiéu do, f, 1a tan s6 cua tin hiéu dicu
tan, uy 14 dao dong tan s6 thip dugc tich séng.

Néu tin hiéu diéu ché 1a tin hiéu s6 séng mang dang hinh sin, ta c6 diéu ch€ s6: ASK, PSK,
QPSK, QAM.

Trong d6 FSK 1a khoa dich chuyén tan s6 (hay con goi 1a diéu ché tan s6), dugc dung nhiéu
trong MODEM truyén dif liéu. Mach giai diéu ch€ FSK dugc trinh bay trén hinh 7.13.
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+sv 2 ~ 6 Ur
; 0

(&

2. Khéi phuc xung dong ho

16

VDD PLL
4 a =1 3d 1;‘ PHASE
6 2 21 Lo { COMP.1 2

12K L
10K PHASE 13
B L comP.1 1 H SK6

vCO

19

I—|

70K 1M 1,2K

100K | Vss 1
P 42n—= 330n

8 5 I
RV3 RV4 - -

Hinh 7.15. Mach khoi phuc xung dong ho
Trong truyén thong s6, dé giai diéu ché nhiéu trudong hop phai khoi phuc xung déng hé (xung

11 9
M2
k 12
D 10 I:I 560 Q
27K E

nhip). Khi d6, thudong dung vong khod pha.
Hinh 7.15 trinh bay mach khoi phuc xung dong ho véi tan s6 1MHz va 1,2kHz, dang xung &
céc diém tuong ting clia so d6 dugc trinh bay trén hinh 7.16.
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Xung déng hé duoc khoi phuc lai
nh¢ tin hiéu d@ liéu. Phuong phéap
thudong ding nhat dugc trinh bay &
hinh trén. Tin hiéu dit liéu tré mot
khoang thoi gian ¢& 1/2 do rong bit
va sau d6 so sanh véi tin hiéu dit liéu
truc ti€p qua bo hoac tuyét doi (EX-
OR). Loi ra la dang séng chita thanh
phin phd gép 2 lan tin hiéu dit liéu.
V6i mach PLL, xung vuong dugc tao
ra, n6 déng bo véi dit liéu va véi chu
ky ¢6 do dai bing khoang céch bit.
Nhu vay, mach da khoi phuc duoc
xung déng ho.
3. Tong hop tin so

Xung 2
s6 liéu

Mach tré |

T

PLL

T

@ ]

Hinh 7.16. So d6 tuong duong va dang xung clia mach

khoi phuc dong ho hinh 7.15.

Xung
déng hé

Pay l1a mot ting dung quan trong ctia PLL. Téng hop tin s6 1a qua trinh tao ra mot mang tan s6

1o rac tir mot tin s6 chudn c6 do én dinh cao.

Do PLL thuc hién dugc ché do giit pha nén cdc dic tinh 6n dinh va troi nhiét clia céc tdn s

duoc tao ra cling giong nhu cua tdn s6 chuén.

Nhitng phép bién déi co ban trong téng hop tin s6 1a nhan va chia tan s6, PLL ¢6 thé dung dé

thuc hién céc phép bien déi dé.

a) Phép nhan tdn s6' voi hé sé nhdn nguyén

Mach c6 so d6 nhu hinh 7.17. G ché do déng bo tan s6 chuin f. =% hay tin sO ra

fO:fr:NfC'

T4n s6 chudn

Tin hiéu ra
f =Nf.

fo o— Bo tach song Loc thong thap
pha va khuéch dai
Fo/N Chia tan N:1
N:1

VCO

Hinh 7.17. Mach nhan tin s6 vGi hé s6 nhan nguyén

b) Téng hop tdn s6véi tdn s6 ra khong phdi la boi cia tdn s6 chudn, hinh 7.18.

Tan s6 chuén truée khi dua vao bo tich séng pha dugc dua qua mach chia tn, trén dau ra

f

<

M

ctia mach chia tin ¢6 tan s6
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| (PLL) i
FvM : Loc :

foo Bo chia tan 1 ! Téch thong thip VCo ! o
Py T

M:1 : song pha : fi=N /M.fc
!_ |
fr/N
Chia tan N:1
N:1

Hinh 7.18. Mach téng hgp tan s6 véi tan s6 ra khong phai boi nguyén ctia tén s6 chudn

f . fo £ . v an o o
Tan s6 ra qua mach chia 12 N 1a —=. Khi déng bo —< =—, tin s6 f, thay ddi dé thod man
N M N
diéu kién trén, do d6:
N
fr = fC
M

Bing cdch thay déi M, N (chuong trinh ho4) c¢6 thé nhan duoc mot dang tan so 10i rac tuy ¥y
v6i do 6n dinh va do chinh x4c nhu cha tan s6 chudn.
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CHUONG 8

CHUYEN POI TUONG TU - SO VA SO - TUONG TU

8.1. CHUYEN POI TUONG TU - SO

8.1.1. KHAI NIEM CHUNG

DO SUPHAT TRIEN NHANH CHONG CUA KY THUAT BIEN TU SO, PAC BIET LA
UNG DUNG PHO BIEN CUA MAY TINH PIEN TU' SO, NEN THUONG DUNG MACH SO BE

XULY TIN HIEU TUONG TU.

MUON DUNG HE THONG SO XU'LY TIN HIEU TUONG TU THI PHAI BIEN POI TIN
HIEU TUONG TU THANH TIN HIEU SO TUONG UNG, ROI DUA VAO DE HE THONG SO
XULY. MAT KHAC THUONG CO YEU CAU BIEN POI TIN HIEU SO (KET QUA XULY)
THANH TIN HIEU TUONG TU TUONG UNG PE PUA RA SUDUNG. CHUNG TA GOI SU
CHUYEN POI TIN HIEU TUONG TU SANG TiN HIEU SO LA CHUYEN POI AD, VA MACH
THUC HIEN CONG VIEC PO LA BO BIEN DOI TUGNG TU- SO (ADC - ANALOG DIGITAL
CONVERTER). CHUNG TA GOI SU CHUYEN DPOI TIN HIEU SO SANG TiN HIEU TUONG
TU LA CHUYEN DOI SO - TUONG TU (DA), VA MACH THUC HIEN CHUYEN DOI SO -
TUONG TU'LA DAC (DIGITAL ANALOG CONVERTER).

QUA TRINH BIEN POI 1 TIN
HIEU TUONG TU SANG DANG SO
PUCC MINH HOA BGI DAC TINH
TRUYEN DAT NHUHINH 8.1.

GIA TRI CUA TIN HIEU
TUONG TU U, PUOC CHUYEN
THANH MOT DAI LUONG SO MA
MOI QUAN HE GIUA CHUNG CO
DANG BAC THANG PEU. VOI PAC
TINH TRUYEN DAT NHU VAY,
MOT PHAM VI GIA TRI CUA U,
PUOC BIEU DIEN BOI MOT GIA
TRI DAI DIEN SO THICH HOP.CAC
GIA TRI DAI DIEN SO LA CAC GIA
TRI ROI RAC.
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HINH 8.1. PAC TINH TRUYEN DAT CUA MACH BIEN
POI TUGNG TU- SO
VOI U,: BPIEN AP VAO TUGNG TU VA Uy BPIEN AP RA
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MOT CACH TONG QUAT, TIN
HIEU SO:

S,=b,,2"" +b, ,2" " +..+b,2°. (8.1)

TRONG PO CAC HE SO By = 0 HOAC 1 (VOI B, NHAN 2 GIA TRI 0 VA 1 GOI LA
BIT).

- By, PUOC GOI LA BIT CO NGHIA LON NHAT (MSB - MOST SIGNIFICANT BIT)
TUGNG UNG VOI COT PUNG BEN TRAI CUA DAY MA SO. MOT BIEN POI GIA TRI CUA
MSB UNG VOI SUBIEN DOI CUA TIN HIEU LA NUA DAI LAM VIEC.

- B, LA BIT CO NGHIA NHO NHAT (LSB - LEAST SIGNIFICANT BIT) TUONG UNG
VOI COT PUNG DAU TIEN BEN PHAI CUA DAY MA SO. MOT BIEN DOI GIA TRI CUA
LSB UNG VOI 1 MUC LUONG TU (1 NAC CUA HINH BAC THANG).

8.1.2. CAC THAM SO CO BAN

1. DAI BIEN POI CUA PIEN AP TUONG TU 0 PAU VAO

LA KHOANG DIEN AP MA BO CHUYEN POI AD CO THE THUC HIEN CHUYEN POI
PUCC. KHOANG PIEN AP PO CO THE LAY TRI SO TU 0 PEN MOT TRI SO DUONG
HOAC AM NAO PO HOAC CONG €O THE LA PIEN AP CO HAI CUC TINH TU —U,,, DEN
Uy -

2. PO PHAN GIAI

PO PHAN GIAI CUA ADC BIEU THI BANG SO BIT CUA TiN HIEU & PAU RA. SO
BIT CANG NHIEU THI SAI SO LUGNG TU'CANG NHO, PO CHINH XAC CANG CAO.
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THI DU, MOT ADC €O SO BIT 0 Uo Ly néng
DAURA N = 12 CO THE PHAN BIET 1 4 Thye
PUOC 2" = 4069 MUC TRONG DAI 10 T
BIEN DOI PIEN AP VAO CUA NO. PO 101 T
PHAN BIET CUA MOT ADC PUGC KY 100 T Meéo phi tuyén
HIEU LA Q VA PUOC XAC PINH BOI 011 7
BIﬁU THUC SAU: 010 T \ Sai s6 khuéch dai

U —o- UAm 22(1) T | Sai s¢ don diéu ‘
LSB 2N _1 1 LsB Un

< . N A . 2 Sai s6 léch kho
Q LA GIA TRI CUA MOT MUC o Ehone

LUGNG TU HOA HOAC CON GOI LA  HINH8.2. PAC TUYEN TRUYEN PAT LY TUONG

MOT LSB. VA THUC 1 CUA  MACH BIEN BOI TUONG TU'- SO

DO TIN HIEU SO LA TIN HIEU ROI (ADC).

RAC, NEN TRONG QUA TRINH BIEN
POl ADC XUAT HIEN MOT SAI SO,
GOI LA SAI SO LUONG TU HOA, PUGC
XAC PINH NHU SAU:

AU, = %Q (8.2)

THONG THUONG CAC ADC CO SO BIT TU 3 PEN 12. NGOAI RA CON CO MOT SO
CAC ADC PAT PUOC PO CHINH XAC €O SO BIT TU 14 PEN 16 BIT.
LIEN QUAN BEN PO CHINH XAC CUA ADC CON CO NHONG THAM SO KHAC
DUJC MINH HQA TREN HINH 8.2.
3. TOC PO CHUYEN POI
TOC PO CHUYEN POI LA SG CHUYEN POI TRONG MOT GIAY GOI LA TAN SO
CHUYEN POI F.. CONG CO THE DUNG THAM SO THOI GIAN CHUYEN POI T PE DAC
TRUNG CHO TOC PO CHUYEN POL T. LA THOI GIAN CAN THIET CHO MOT LAN
CHUYEN DOl
CHU Y RANG f,. L
TC

N 1 N ~ e N R R N z 2 N
THUONG f, <T_ VA GIUA CAC LAN CHUYEN DOI CON CO 1 KHOANG THOI
c

GIAN CAN THIET CHO ADC PHUC HOI LAI TRANG THAI BAN DAU.
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8.1.3. NGUYEN TAC HOAT PONG CUA BO BIEN POI TUONG TU - SO (ADC)

TRONG BO BIEN POI TUONG TU - SO (ADC) TIN HIEU TUONG TU G PAU VAO LA
LIEN TUC, TIN HIEU SO MA HOA & DAU RA LA ROI RAC. SUCHUYEN DOI AD BOI HOI
PHAI LAY MAU DOI VOI TIN HIEU TUONG TU G DAU VAO  NHONG THOI BIEM QUY
PINH, SAU PO CHUYEN BOI CAC GIA TRI MAU PO THANH TIN HIEU SO G DAU RA.
QUA TRINH CHUYEN POI TUONG TU - SO NOI CHUNG CO 4 BUGC: LAY MAU - GIU
MAU - LUONG TU HOA - MA HOA. CAC BUSC TREN DAY LUON KET HOP VGI NHAU
TRONG MOT QUA TRINH THONG NHAT. Vi DU LAY MAU VA GIUMAU LA MOT CONG
VIEC LIEN TUC TRONG CUNG MOT MACH BIEN, LUONG TU HOA VA MA HOA LA
CONG VIEC PONG THOI THUC HIEN TRONG MOT QUA TRINH CHUYEN POI VGI MOT
KHOANG THOI GIAN CAN THIET LA MOT PHAN CUA THOI GIAN GIUMAU.

1. LAY MAU TIN HIEU
TIN HIEU TUONG TU G LOI VAO U,, SAU QUA TRINH LAY MAU VA XULY GOI LA
TIN HIEU Ug VA CHUNG CO THE KHOI PHUC LAI TiN HIEU TUONG TU U, MOT CACH
TRUNG THUC NEU PIEU KIEN SAU BPUGC THOA MAN:
f 2 2F,

V max (8.3)
ODAY: Fs LA TAN SO CUA TIN HIEU LAY MAU.
fymae LA GIOI HAN TREN CUA DAI TAN SO TIN HIEU TUONG TU:
NEU BIEU THUC 8.3 PUGC THOA MAN CO THE DUNG BO LOC THONG THAP DE
KHOI PHUC TIN HIEU TUONG TU U, TU TIN HIEU Ug. HINH 8.3 MO TA LAY MAU TiN
HIEU TUONG TU. HINH 8.4 DAC TINH TAN SO CUA BO LOC KHOI PHUC TIN HIEU.

Uk Us 4

7|

-

AN

/ F
0 | L.

(A) (B)
HINH 8.3. LAY MAU TIN HIEU TUONG TUDAU VAO. TIN HIEU TUONG TU(A) ;
XUNG LAY MAU (B).
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vi MOI LAN CHUYEN POI CUA DIEN AP K(f)4
LAY MAU THANH TiN HIEU SO TUGNG UNG
PEU CAN MOT THOI GIAN NHAT DINH, NEN
PHAI NHG MAU MOT KHOANG THOI GIAN
CAN THIET SAU MOI LAN LAY MAU, pU BE

A R < P ~ ~ 0 >
BIEN POI THANH TIN HIEU SO. fumex f
2. LUONG TU HOA VA MA HOA TIN HIEU HINH 8. 4. DAC TINH TAN SO CUA
TIN HIEU SO KHONG NHONG ROI RAC VE MAT BO LOC

THOI GIAN, MA CON KHONG LIEN TUC TRONG KHOT PHUC TIN HIEU.

BIEN POI GIA TRI. MOI GIA TRI BAT KY CUA

TIN HIEU SO DEU PHAI BIEU THI BANG

BOI SO NGUYEN LAN GIA TRI PON VI NAO DO, GIATRI NAY LA NHO NHAT bUGC
CHON. NGHIA LA NEU DUNG TiN HIEU SO BIEU THI DIEN AP LAY MAU, THI TAT PHAI
BAT DIEN AP LAY MAU HOA THAN THANH BOI SO NGUYEN LAN GIA TRI DON VI.
QUA TRINH NAY LA QUA TRINH LUGNG TU HOA. PON VI PUGC CHON THEO QUY
DINH NAY GOI LA PON VI LUGNG TU, KY HIEU LA A. RO RANG, GIA TRI BIT 1 CUA
LSB TIN HIEU SO BANG A. VIEC DUNG MA NHI PHAN BIEU THI GIA TRI TIN HIEU SO
LA MA HOA. MA NHI PHAN CO PUQC SAU QUA TRINH TREN CHINH LA TIN HIEU
DAU RA

CUA BO CHUYEN POI TUONG TU - SO.

TIN HIEU TUONG TU LA LIEN TUC THI KHONG NHAT THIET PHAI LA BOI SO
NGUYEN LAN CUA A, DO PO TA KHONG TRANH KHOI SAI SO LUONG TU HOA. TON
TAI NHONG CACH KHAC NHAU PHAN CHIA CAC MUC LUONG TU DAN DEN SAI SO
LUONG TUHOA KHAC NHAU.

GIA TRI CHUYEN POI TIN HIEU PIEN AP LUONG TUTU 0 =+ 1V THANH TIN HIEU

x A . 1 A R L
SO NHI PHAN 3 BIT. NEU CHON A = gV DONG THOI QUY DINH DIEN AP TUONG TU

N 1 N s . ~ . N
TRONG PHAM VITU 0 +§V , XEM NHU'LA 0 x A THI TIN HIEU SO TUONG UNG LA 000.

TUONG TU, BIEN AP TUONG UNG TU %V + SV LA 1 x A, TUONG UNG VOI 001 V.V...

THEO CACH PHAN CHIA MUC LUONG TUDO, TA CO HINH 8.5A.
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1V —]

1V —
}111 TA=7/8V 111 TA =14/15V
7/8 13/15 —
}110 6A = 6/8V 110 6A =12/15V
6/8 —F— 11/15 —
}101 5A=5/8V 101 5A =10/15V
58 ——— 9/15 ——
100 4A =4/8V 100 4A =8/15V
4/8 —— 715 —F——
011 3A =3/8V 011 3A =6/15V
3/8 — 5/15 —
010 2A =2/8V 010 2A = 4/15V
2/8 — 3/15 —j
001 1A=1/8V 001 1A =2/15V
1/8 — 1/15 —
0 000  0A=0/8V 0 —t—— 000 0A=0
(A) (B)
HINH 8.5. HAI PHUONG PHAP PHAN CHIA MUC LUGNG TU'.

QUY PINH: - PIEN AP TUONG TU 0 +%v (0 +%) TUONG UNG 000.

- PIEN AP TUONG TU % 1% +% TUONG UNG 001 V.V...

~ , p N . A1l
SAI SO CUC DAI CUA PHUONG PHAP NAY LA E =—V.

15
PHUONG PHAP PHAN CHIA MUC LUONG TU CO THE GIAM NHO HON SAI SO

LUONG TU. CHON A = %V HINH 8.5B.

3. MACH LAY MAU VA GIU MAU
HINH 8.6 GIOI THIEU IC LAY MAU, GIUMAU LF-198.

TRONG MACH GOM 2 BO KHUECH DAI THUAT TOAN, S LA CHUYEN MACH DIEN
TU, L LA MACH GHEP PIEU KHIEN CHUYEN MACH S.

TIN HIEU PIEU KHIEN Uy, = 1, CHUYEN MACH S PONG, Uy, = 0, CHUYEN MACH
S NGAT.
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KHI S PONG CA 2 BO KHUECH DAI
THUAT TOAN HOAT PONG O CHE PO
LAP LAI (HE SO KHUECH DAI DIEN AP
BANG 1) U, =U,=U,. TU PIEN Cy

MAC NOI TIEP VOI R, VA NOI PAT CO
PIEN AP BANG Uy. KHI Uy = 0 THI S
NGAT, DIEN AP TREN TU VA DIEN AP
RA DU(?C ]?UY ATRI . _ HINH 8.6. MACH PIEN CUA IC LF-198 LAY MAU -
PIEN AP LOI VAO Uy CO THE BIEN  1¢10AU.

THIEN DANG KE TRUGC KHI S DUOC

PONG TRO LAI CHO LAN LAY MAU KE

TIEP. DO PO PIEN AP U, CO THE BIEN

THIEN RAT LON VA G MOT TRONG

HAI TRANG

THAI BAO HOA CUA KHUECH PAI THUAT TOAN VUOT QUA KHA NANG CHIU DIEN
AP CUA CHUYEN MACH S KHI DONG TRG LAL PONG THOI KHI KHUECH DAI THUAT
TOAN LAM VIEC G CHE bO BAO HOA CHI LAM VIEC G TAN SO THAP. DO bO DUA
THEM DIODE D,, D, LAM NHIEM VU NOI MACH HOI TIEP AM CUA KHUECH DAI
THUAT TOAN THU NHAT VA BIEN AP U, = U, 0,6V SE KHAC PHUC PUJC CAC
NHUOC PIEM TREN.

KHI CHUYEN MACH S PONG DIEN AP DAT LEN 2 DIODE BANG KHONG, Vi VAY
CHUNG €O PIEN TRG LON, KHONG CO TAC DUNG KHI LAY MAU.

8.1.4. CAC PHUGNG PHAP BIEN POI TUONG TU - SO

1. PHAN LOAI

CO NHIEU CACH PHAN LOAI CAC LOAI BIEN POI TUONG TU - SO. CACH PHAN
LOAI HAY DUNG HON CA LA CACH PHAN LOAI QUA TRINH BIEN POI VE MAT THOI
GIAN. NO CHO PHEP PHAN POAN MOT CACH TONG QUAT TOC PO CHUYEN POL

THEO CACH PHAN LOAI NAY NGUOI TA PHAN BIET 4 PHUONG PHAP BIEN POI
AD SAU DAY:

- BIEN DOI SONG SONG. TRONG PHUONG PHAP BIEN BOI SONG SONG, TIN HIEU
PUCC SO SANH CUNG MOT LUC VOI NHIEU GIA TRI CHUAN. TAT CA CAC BIT BUGC
XAC PINH DONG THOI VA DUA DEN DAU RA.
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- BIEN POI NOI TIEP THEO MA PEM. G DAY QUA TRINH BUGC THUC HIEN LAN
LUOT TUNG BUGC THEO QUY LUAT CUA MA PEM. KET QUA CHUYEN POI BUGC XAC
PINH BANG CACH PEM SO LUONG GIA TRI CHUAN BIEU DIEN GIA TRI TIN HIEU
TUONG TUCAN CHUYEN POL

- BIEN POI NOI TIEP THEO MA NHI PHAN. QUA TRINH SO SANH PUGC THUC
HIEN LAN LUOT TUNG BUGC THEO QUY LUAT CUA MA NHI PHAN. CAC PON VI
CHUAN DUNG DE SO SANH LAY CAC GIA TRI GIAM DAN THEO QUY LUAT CUA MA
NHI PHAN, DO PO CAC BIT PUGC XAC PINH LAN LUOT TU BIT CO TRONG SO LON
NHAT (MSB) PEN BIT CO TRONG SO NHO NHAT (LSB).

- BIEN POI SONG SONG - NOI TIEP KET HOP. TRONG PHUONG PHAP NAY MOI
BUGC SO SANH CO THE XAC PINH PUGC TOI THIEU LA 2 BIT PONG THOL

CAC MACH THUC TE LAM VIEC THEO NHIEU PHUONG PHAP KHAC NHAU,
NHUNG DEU CO THE XEP VAO 1 TRONG 4 LOAI TREN.

2. CHUYEN POI A/D THEO PHUONG PHAP SONG SONG
SO PO NGUYEN LY BO CHUYEN DBOI AD THEO PHUONG PHAP SONG SONG PUGC
TRINH BAY TREN HINH 8.7.

oY ps FF

Sz
= .
R —%. B1
Ma B, B2

o B3

—%Bn

S3

°S,
¥

). Xung nhip

HINH 8.7. SO DO NGUYEN LY BO CHUYEN DOI AD THEO PHUONG PHAP SONG SONG.

TRONG PHUONG PHAP CHUYEN POI SONG SONG, TIN HIEU TUONG TU U, PUGC
PONG THOI DUA TOI CAC BO SO SANH S, =S, . PIEN AP CHUAN PUGC PUA TOI DPAU

VAO THU HAI CUA CAC BO SO SANH, THONG QUA THANG DPIEN TRO R. DO bO CAC
PIEN AP CHUAN PAT VAO BO SO SANH LAN CAN KHAC NHAU MOT LUONG KHONG

243



POI VA GIAM DAN TU'S, PEN S,,. PAU RA CUA BO SO SANH CO PIEN AP VAO LON
HON DIEN AP CHUAN LAY TREN THANG DIEN TRG CO MUC LOGIC “1”, CAC DAU RA
CON LAI CO MUC LOGIC “0” . TAT CA CAC PAU RA DUGC NOI VGI MACH AND (VA),
MOT PAU VAO MACH AND BUGC NOI VOI XUNG NHIP CHI KHI CO XUNG NHIP DUA
DPEN DAU VAO MACH AND THI CAC XUNG TREN DAU RA MACH SO SANH MGI DUA
TOI MACH NHO FF (ELIP - FLOP).

NHU VAY CU SAU MOT KHOANG THOI GIAN BANG MOT CHU KY CUA XUNG
NHIP LAI CO MOT TIN HIEU DUOC BIEN POI VA PUA TGI PAU RA. XUNG NHIP DAM
BAO CHO QUA TRINH SO SANH KET THUC MGI DUA TN HIEU VAO BO NHO.

MACH BIEN POI SONG SONG €O TOC PO CHUYEN POI NHANH, VI QUA TRINH
SO SANH PUJC THUC HIEN SONG SONG, NHUNG MACH PHUC TAP VOI SO LINH KIEN
QUA LON. VOI BO CHUYEN POI N BIT BE PHAN BIET PUGC 2~ MUC LUONG TU HOA
PHAI DUNG (2" -1) BO SO SANH. VI VAY PHUONG PHAP NAY CHI DUNG TRONG CAC
ADC YEU CAU SO BIT N NHO VA TOC PO CHUYEN DOI CAO.

3. CHUYEN POI AD THEO PHUONG PHAP PHAN POAN TUNG BIT
(CHUYEN POI NOI TIEP THEO MA NHI PHAN).
MACH CHUYEN DOI THEO PHUONG PHAP NAY CO SO TANG BANG SO BIT CUA
TIN HIEU SO G LOI RA HINH 8.8. MOI TANG CHO RA MOT BIT.
PHUONG PHAP PHAN DOAN PUOC TIEN HANH NHU SAU: GIA SUTIN HIEU VAO
BIEN POI TRONG PHAM VI TU 0 = U, yax. CHIA DAI LAM VIEC RA HAI PHAN BANG

. . . _ A U
NHAU, LUC PO GIANH GIOI GIUA HAI PHAN LA % .

PN ) i U . U
TIN HIEU CAN BIEN POI U, PUGC SO SANH VOI MUC % NEU 1,4y < Azmax

THILOIRA B, =0,

. U . U ) o
NGUOC LAI NEU 1,4, > Az"‘ax THI B, = | . VAY DIEN AP % CHINH LA DIEN AP

CHUAN CUA BO BIEN DBOI DA MOT BIT (NO LA MOT BO SO SANH). TIN HIEU SO UNG
VOI BIT THU NHAT B, MOT MAT BUOC DUA RA CHI THI, MOT MAT BUOC DUA VAO
BO BIEN POI NGUOC DA. TREN PAU RA CUA CUA BO BIEN BOI DA MOT BIT LA TIN
HIEU TUONG TU UNG VOI BIT CO NGHIA (CO TRONG SO) LON NHAT. KHI B, = 0 THI

. . . P N I U
TIN HIEU TUGNG TU TUONG UNG VOINO U AW = 0,CONKHIB,=1THI U AQ) = Azmax .
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MACH TRU CHO RA GIA TRI HIEU GIUA TIN HIEU VAO U, VA TIN HIEU TUONG TU

UNG VOI BIT THUNHAT.

DAY CHINH LA BIEN AP DU CUA TIN HIEU TUONG TU SAU KHI DA CHUYEN DOl
THANH TIN HIEU SO BIT THU NHAT. DIEN AP DUNAY DUA PEN TANG THU HAI BE
TIEP TUC XAC PINH BIT TIEP THEO BANG CACH SO SANH NO VOI DIEN AP CHUAN

3 3 A 3 R 9. e 2 R A z e U
BANG NUA DIEN AP CHUAN CUA MACH SO SANH BIT DAU TIEN CO GIA TRI % .

TUONG TU NHU VAY PE XAC PINH BIT THU BA PHAI CO PIEN AP CHUAN DE SO
UAmax )
(2")

TUY NHIEN PE THAY CHO VIEC GIAM DAN TRI SO PIEN AP CHUAN CUA MOI
TANG TIEP THEO, THEO BOI SO CUA 2, NGUOI TA NHAN POI CAC PIEN AP DU SAU
MOI TANG, LUC PO NGUOI TA GIUNGUYEN DPIEN AP CHUAN CHO TAT CA CAC TANG

] .U S L
SANH BANG % , VABIT THUNCO U,,, =

U S e z z R g N A A I3 R
% . BANG CACH DO CO THE TIET KIEM BUJC NGUON DIEN AP CHUAN, NHUNG

SAI SO BIEN PO TANG GAP POI KHI TIN HIEU PI QUA MOI TANG. DO PO YEU CAU
CAC TANG LAM VIEC PHAI CHINH XAC.

SO VGI PHUONG PHAP SONG SONG, TRONG PHUONG PHAP NAY DE XAC DINH N
BIT CAN N BO SO SANH (iT MACH SO SANH HON).

TUY NHIEN MACH IT BUGC DUNG TRONG THUC TE, NHUNG LA CO SO BE PHAN
TICH VA XAY DUNG PHUONG PHAP KHAC.

B1 B2

UA(1)

1 bit 1 bit 1 bit 1bit  |Mach hiéu

AD T DA U'a(1) LIA(Z) AD T DA Va2
|
|
|
|

Mach Mach
L+ —————0— hieu dém
| |

. Tang 2
b Téng1 : 9

Mach hiéu

HINH 8.8. SO bO KHOI BO CHUYEN POI AD THEO PHUONG PHAP PHAN POAN TUNG BIT.

4. CHUYEN POI AD THEO PHUONG PHAP PEM PON GIAN

HINH 8.9 TRINH BAY SO PO NGUYEN TAC CUA ADC LAM VIEC THEO PHUGNG
PHAP PEM DON GIAN. HINH 8.10. GIAN DO THOI GIAN DIEN AP RA CUA CAC KHOI
TRONG HINH 8.9.
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U, Uc Tao dién ap
rang cua

y Uss:

} SS,

Xung nhip

HINH 8.9. SO DO NGUYEN TAC CUA ADC LAM VIEC THEO PHUONG PHAP DEM DON

GIAN.

PIEN AP VAO U, bUGC SO SANH VOI
PIEN AP CHUAN RANG CUA U. NHO BO SO
SANH SS1. KHI U, > U, THI Ug, = 1, KHI
U, <U,. THI Ug, =0.

BO SO SANH SS2 SO SANH DIEN AP
RANG CUA VOI MUC 0V (DAT), DO BO KHI
CO DPIEN AP RANG CUA Uy, = 1, KHI
KHONG CO THI Ugg, = 0. Ugs, VA Ugs, PUGC
PUA DEN LOI VAO MOT MACH AND.
XUNG RA U, CO bO RONG TI LE VOI O
LON CUA DIEN AP VAO U,, GIA THIET
XUNG CHUAN DANG RANG CUA cO PO
DOC KHONG DOL MACH AND THU HAI CHi
CHO RA CAC XUNG NHIP KHI TON TAI
XUNG U,;, NGHIA LA TRONG KHOANG
THOI GIAN 0< U, <U,. MACH PEM, DEM

SO XUNG NHIP TRONG THOI GIAN TON
TAI U; TRONG MOT CHU KY CUA XUNG
RANG CUA. PUONG NHIEN SO XUNG NAY
Ti LE VGI bO LON CUA U,.

5. CHUYEN POI AD THEO PHUGNG PHAP TiCH PHAN HAI SUON DOC

Uc4

Ua

N

Ussi

>t

USS2

» L

U(;A !

t

0

HINH 8.10. GIAN bO THOI GIAN DIEN AP
RA CUA CAC KHOI TRONG HINH 8.9.

MACH DIEN TREN HINH 8.11 MINH HOA NGUYEN TAC HOAT PONG CUA ADC
THEO PHUGNG PHAP TICH PHAN HAI SUON DOC. KHI LOGIC BIEU KHIEN CHO KHOA
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K G VI TRi 1 THI U, (PIEN AP TUONG TU CAN CHUYEN DOI) NAP BIEN CHO TU C
THONG QUA DIEN TRO R.

GIA THIET THOI GIAN NAP CHO TU LA T,, TA CO BIEN AP TREN TU SAU THOI
GIAN T,, TA CO:
UA
RC
THEO (8.5) U,y TILE VOI U,

U'C(tl) =—4 4 (8.5)

TUY THEO U, LON HAY BE, PAC TRUYEN U, , CO DO DOC KHAC NHAU NHU

TREN HINH 8.12.

Al o
%¢Uch

Mach B6 dém AND —
logic Zo

—— UD

Xung
nhip

HINH 8.11. SO PO NGUYEN LY CUA ADC LAM VIEC THEO PHUONG PHAP
TICH PHAN 2 SUON DOC.

TRONG THOI GIAN T,, BO PEM Z, PEM 4
CAC XUNG NHIP. HET THOI GIAN T, KHOA K Ue
PUOC MACH LOGIC PIEU KHIEN SANG VI :

TRi 2, PONG THOI TiN HIEU TUMACH LOGIC Ua |

CUNG PUCC bUA TOI MACH “AND”, LAM | -
CHO MACH “AND” CHO CAC XUNG NHIP bI b ty
QUA. TAI THOI PIEM NAY MACH DEM 6
PAU RA BAT DAU PEM, PONG THOI MACH  giNH $.12. PO THI THOI GIAN DIEN AP
PEM Z, BUGC MACH LOGIC PIEU KHIEN VE RA.

VI TRI NGHI.

KHI K G VI TRI 2, DIEN AP U, BAT DAU
NAP CHO TU C THEO CHIEU NGUOC LAI,
PHUONG TRINH NAP:
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Uch

U,=——%¢ 8.6
=T Re (8.6)
SAU MOT KHOANG THOI GIAN T,
. U
U,=——%¢ 8.7
=Rt (8.7)

GIA THIET SAU THOI GIAN T, THI [U¢|=[U,

, NGHIA LA BIEN AP U. TREN TU C

BANG KHONG.
THAY BIEU THUC (8.5) VAO (8.7) TA CO:
Uy Vs
RC™" RC™’
. U
HOAC t,=—21¢ 8.8
: 2= poh (8.8)

MAT KHAC CO THE XAC PINH DUGC SO XUNG CUA MACH DEM Z, TRONG THOI
GIANT,
Z,=1.f, (8.9)
TRONG PO f, LA TAN SO CUA DAY XUNG NHIP.

TUBIEU THUC (8.9) SUY RA: 1= f_

(8.10)
THAY BIEU THUC (8.10) VAO (8.8) TA BUOC:
_ UA Z()
? U('h fo

DO PO SO XUNG NHIP PEM PUGC NHO MACH PEM G DAU RA TRONG KHOANG
THOI GIAN T,:

8.11)

Z=t,f, =3—A.ZO (8.12)

ch
SAU THOI GIAN T, MACH PEM RA BI NGAT VI U. =0, VA MACH LOGIC KHOA
CONG “AND”. QUA TRINH PUOC LAP LAI TRONG CHU Ki CHUYEN POI TIEP THEO.
THEO BIEU THUC (8.12) TA THAY, SO XUNG PEM G PAU RA Ti LE VOI PIEN AP
TUONG TU U, CAN CHUYEN DOL 6 PAY KET QUA PEM KHONG PHU THUOC VAO
CAC THONG SO RC CUA MACH VA CONG KHONG PHU THUOC VAO TAN SO XUNG
NHIP f,, NHUTRONG PHUONG PHAP DEM DON GIAN. Vi THE KET QUA CHUYEN POI

n?
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KHA CHINH XAC, VA BPE TANG BO CHINH XAC KHONG CAN CHON f, CAO. TUY
NHIEN TAN SO f, PHAI ON DINH CAO.

6. CHUYEN POI AD THEO PHUONG PHAP XAP XI TIEM CAN
HINH 8.13 LA SO bO KHOI ADC XAP Xi

N ~ z ’ o UV UD 1A A 2

TIEM CAN. TRONG SO PO NAY CO CAC DAC |« 2enépchuan
KHOI SAU: BO SO SANH (COM), DAC, PIEN v ﬁ
AP CHUAN, BO NHO XAP Xi TIEM CAN, -

R N 2 . R A A B6 nhd x&p :> Ra s6 liéu
LOGIC PIEU KHIEN, TIN HIEU PONG HO i tiem can song song
(CLOCK) V.V.. TRUOGC KHI THUC HIEN o

B 2 R / , B} R Tin hiéu ’d|eu7kh|en CON V CLOCK

CHUYEN POI AD, BO NHG PHAI BI XOA VE chuyén di
0. BAT PAU CHUYEN POI, XUNG PONG HO HINH 8.13. ADC XAP XI TIEM CAN.

LAP BIT MSB TRONG BO NHG O MUC 1, SO
LIEU RA CUA BO NHO LA 100...0. TIN HIEU
SO NAY PUJC DAC CHUYEN POl THANH
DIEN AP TUONG TU TUONG UNG U,
BO SO SANH, SO SANH U, VA U,. NEU U, > U, , TIN HIEU SO QUA LON THI BIT

MSB BI XOA VE 0. NEU U, <U,,, TIN HIEU SO VAN CON BE THI BIT MSB DUY TRI GIA

TRI 1. TIEP THEO, CUNG PHUONG PHAP NHU TREN, XUNG DONG HO TIEP LAP BIT CO
TRONG SO BE HON & MUC 1, SAU KHI SO SANH, MACH XAC PINH GIA TRI | NAY CO
DUY TRI HAY KHONG. CU THE TIEP TUC MAI DEN BIT LSB THI XONG. SAU QUA
TRINH SO SANH TAT CA CAC BIT, DU LIEU TRONG BO NHGO CHINH LA TIN HIEU SO
MONG MUON.

7. CHUYEN POI TUONG TU SO PHI TUYEN

THEO BIEU THUC 8.2 TA THAY SAI SO TUYET POI CUA BIEN POI AD KHONG PO,
CON SAI SO TUONG POI CUA NO TANG KHI BIEN PO TIN HIEU VAO GIAM. NEN
MUON CHO SAI SO TUONG POI KHONG POl TRONG TOAN DAI BIEN POI CUA DIEN
AP VAO THI PAC TUYEN TRUYEN PAT CUA BO BIEN POI PHAI CO DANG LOGA
(HINH 8.14(A)) SAO CHO Ti SO TIN HIEU TREN TAP AM KHONG DOI TRONG DAI BIEN
POI CUA PIEN AP VAO. PIEN THOAI SO, SUDUNG Ki THUAT PCM (PIEU CHE XUNG
MA), DA DUNG LUONG TUHOA PHI TUYEN TRONG CHUYEN BOI TUONG TU SO. NHO
PO AM THANH NHO KHONG BI TAP AM LAN AT VA PO CONG LA MOT CACH LAM
CHO QUA TRINH LUONG TU HOA THICH UNG VGI BAC TINH CUA TAI CON NGUOI.
NGOAI RA LUONG TU HOA PHI TUYEN THUONG DUNG BIEN POI AD 8 BIT (CON
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LUONG TU'HOA TUYEN TINH DUNG BIEN DOI AD 12BIT) DO PO LUONG TUHOA PHI
TUYEN TANG DUNG LUONG KENH THOAIL DO GIAM SO BIT NHUNG VAN CUNG
CHAT LUONG THONG TIN NHU LUONG TU HOA TUYEN TINH. PE CO TIN HIEU
TRUNG THUC NHU BAN PAU, BO BIEN BOI DA THEO PHUONG PHAP NAY PHAI CO
CAU TAO SAO CHO PAC TUYEN BIEN POI NGUOC CUA NO CO DANG HAM MU HINH
8.14(B).
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0 Ua 0 Up
a) b)

HINH 8.14. DAC TINH BIEN DOI PHI TRUYEN ; (A) CUA BO BIEN DPOI AD; (B) BO BIEN BOI

DA.
DAC TRUNG BIEN DOI AD THUONG DUNG HAM SO:
:ln(]+,wc) (8.13)
In(1+ u)
) U
TRONG PO x=—2=";y= Up
UA max UDmax

THEO BIEU THUC (8.13) Y =0KHIX =0 VA Y = | KHIX = 1.
pO DOC Y’ TAI X = 0:



y _ Y2 y;\
x=0 In(l+u) 1,0
N A X N A~ =
HINH 8.15 BIEU DIEN HAM SO 0.9
NAY VOI = 100. SO VOI PUONG 08
w . 0,7 /n(L+ px)
DAC TRUNG ¥ = X THI BUONG CONG 06 / @+ 4
VOI BIEU THUC (8.13) CO bO DOC LON 0.5 7
~ A g A . 3 X
GAP POI TAI GOC TOA PO. DO PO, 04 Y
pOI VOI TIN HIEU NHO, PUONG PAC 0.3
, 2 . ~ A R 0,2
TINH CO CAC BAC THANG BIEN BOI o /
DAY HON. Ti SO TIN HIEU TUONG UNG N
TREN TAP AM TiNH DUOC LA 6DB. 0 0,1 0,2 0,304 0506 0,7 0,809 1,0 X

. R _ . . A HINH 8.15. DANG PUONG CONG
NEU PUONG PAC TINH CcO PO DOC

_In(l+ ux)
TAI GOC TOA PO Y’ = 21,7 DB. THUC Y In@+ p)
TE RAT KHO TANG HE SO p , VI VOI 1 = 100.

PUONG PAC TINH CANG CONG THI
VIEC THUC HIEN HAI PUONG CONG
BIEN POI AD VA DA CO DANG NHU
NHAU, BIEN POI NGUGC NHAU CO PO
DOC TUONG UNG RAT PHUC TAP.
TRONG THUC TE DE DON GIAN, NGUOI TA CHIA DUONG DAC TINH TRUYEN DAT

THANH HAI DOAN CO PO DOC KHAC NHAU: VOI TIN HIEU BE (x < i) DUNG HAM

1+InAx
1+InA
TAC DO, NGUJI THUC HIEN DUONG DAC TINH GOM 13 DOAN: 6 POAN UNG VOI
X >0, 6DOAN X <0 VA DPOAN THU 13 BI QUA GOC TOA PO CO by, =28.

. THEO NGUYEN

SO y, = VA VOI TIN HIEU LON DUNG HAM SO y, =
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TREN HINH 8.16 CAC DOAN KE
NHAU €O bO DOC HON KEM NHAU
2 LAN. BANG CACH PO CO THE TAO
RA MOT BO ADC 4 BIT, TRONG PO
MOT BIT PE CHI CUC TINH CUA
PIEN AP VAO, 3 BIT PE BIEU DIEN

[=)

—_ 0 W A,

bo doc 1/4

SG mtc

MOT TIN HIEU CO DAI BIEN POI
PIEN AP VAO LGN GAP 256 LAN
DOAN NHO NHAT, NGHIA LA SO VOI
LUONG TU HOA TUYEN TINH, SO
BIT GIAM MOT NUA. PE TRUYEN
TIN HIEU AM THANH, NGUOI TA
THUONG DUNG MA 8 BIT. BANG
CACH CHIA MOI DOAN & TREN
THANH 16 PHAN NHO, TA BUOC 8
BIT MONG MUON.

8.2. CHUYEN POI SO - TUGNG TU

(=}

248 16 32 64 128

HINH 8.16. PAC TINH TRUYEN DAT VOI BO
ADC
PHI TUYEN DUNG TRONG THUC TE.

CHUYEN POI SO - TUONG TULA QUA TRINH TiM LAI TIN HIEU TUONG TU TUN
SO HANG (N BIT) PA BIET CUA TIN HIEU SO VOI PO CHINH XAC LA MOT MUC
LUONG TUTUC LA 1 LSB. HINH 8.17 TRINH BAY SO PO KHOI BE BIEN POI TIN HIEU
SO THANH TIN HIEU TUONG TU, QUA MACH LOC THONG THAP PE THU PUOC TIN

HIEU BAN DAU:

THEO SO PO NAY THI QUA TRINH
CHUYEN POI SO - TUONG TU LA QUA
TRINH BIEN POI DA TA CO TIN HIEU
LAY MAU VA GIU MAU LA TIN HIEU
HINH BAC THANG. SAU PO QUA BO
LOC THONG THAP, PUOC TIN HIEU
TUONG TU'U,.

b | B0 loc L Jua

DAC thong thap

HINH 8.17. SO O KHOI BIEU DIEN QUA
TRINH BIEN POI SO THANH TIN HIEU TUONG
TUBAN PAU.

8.2.1. CAC THONG SO CO BAN CUA BO BIEN POI DAC

1. PO PHAN GIAI
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PO PHAN GIAI LA Ti SO GIUA GIA TRI CUC TIEU POI VOI GIA TRI CUC DAI CUA
PIEN AP DAU RA, VE TRI SO TI SO NAY TUONG UNG VOI Ti SO GIA TRI CUC TIEU
pOI VOI GIA TRI CUC DAI CUA TIN HIEU SO DAU VAO.

THI DU DOI VOI DAC 10 BIT, CO DO PHAN GIAI LA:

0000000001 1 1
1111111111 2° -1 1023

PO PHAN GIAI CUA DAC CONG CO THE BIEU THI BANG SO BIT TIN HIEU SO

PAU VAO.

~ 0,001 (8.14)

2. PO TUYEN TINH

PO TUYEN TINH CUA DAC BIEU THI BANG SAI SO PHI TUYEN. SAI SO PHI
TUYEN LA SO PHAN TRAM CUA GIA TRI LECH CUC PAI KHOI DAC TINH VAO RA LY
TUGNG SO VOI GIA TRI CUC DAI G DAU RA.

3. PO CHINH XAC CHUYEN POI

PO CHINH XAC CHUYEN BOI XAC DPINH BANG SAI SO CHUYEN POI TINH CUC
DAL SAI SO NAY PHAI BAO GOM SAI SO PHI TUYEN, SAT SO HE SO Ti LE VA SAI SO
TROI V.V, TRONG TAI LIEU KY THUAT BOI KHI NGUOI TA CHO RIENG TUNG SAI SO
TREN MA KHONG CHO SAI SO TONG HOP.

4. THOI GIAN XAC LAP DONG PIEN, PIEN AP PAU RA

THOI GIAN XAC LAP, LA THOI GIAN TU KHI TIN HIEU SO BPUJC DUA VAO PEN
KHI DONG DIEN HOAC PIEN AP PAU RA ON DINH.

NGOAI CAC THAM SO TREN CON MOT SO THAM SO KHAC NHU: CAC MUC
LOGIC CAO, THAP, DIEN TRG VA DPIEN DUNG DAU VAO. DAI PONG, PIEN TRG VA
DIEN DUNG DAU RA V.V.

8.2.2. CAC BO CHUYEN POI DAC

1. BO CHUYEN POI DAC PIEN TRO HINH CHU' T

HINH 8.18 LA SO PO DAC PIEN TRG HINH CHU'T. HAT LOAI GIA TRI BIEN TRO R
VA 2R PUJC MAC THANH 4 CUC HINH CHU T NOI DAY CHUYEN S., S,, S,, So LA
CHUYEN MACH TUONG TU.
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BEN PHAI HINH CcO BO
KHUECH DAI PAO DUNG KHUECH
DAI THUAT TOAN. u, LA DIEN

AP CHUAN THAM CHIEU, D,, D,,
D,, D, LA MA NHI PHAN 4 BIT PAU
VAO. U, LA DIEN AP PAU RA. CAC  ~—— . .
CHUYEN MACH S,, S,, S,, S, PUOC L'S‘; e M';‘B
PIEU KHIEN BOI CAC TIN HIEU SO

TUONG UNG D,, D,, D, D,. KHI D,

QL e dl

i
el

HINH 8.18. DAC DIEN TRO HINH CHU'T.

=1 THI S, NOI VOI U, , KHI D, =0
THI S, NOI DAT.
A) NGUYEN LY HOAT PONG

PE GIAI THICH NGUYEN LY HOAT PONG CUA SO PO HINH 8.18, CHUNG TA PON
GIAN HOA MANG DIEN TRO HINH CHU'T.

NEU Ds, D,, D,, D, = 0001 THI CHI CO S, PAU NOI VGI U, , CON Dy, D,, D, PEU NOI

ref >

DAT. AP DUNG PINH LY THEVENIN TUAN TU DON GIAN HOA MACH TU AA SANG
PHAL TA THAY CUQUA MOI MAT MACH (A, B, C, D) THI DIEN AP RA SUY GIAM DI

u,

MOT NUA. VAY NEU Uy NOI VAO S, THI TREN PAU RA DD CHi CON Zf{ . CUNG VOI

PHUONG PHAP TREN, XET TUNG S, S,, S, NOI VOI Uy THI TREN PAU RA DD TUONG

uref Mref Mr'ef
287 227 2t

UNG (D,, D,, D, D, = 0010, 0100, 1000) CO CAC PIEN AP DIEN TRO

TUGNG DUONG CUA MACH BEN TRAI DD BAO GIO CONG LA R.

AP DUNG NGUYEN LY CHONG CHAT POI VOI CAC GIA TRI DIEN AP TREN, TA CO
MACH TUONG DPUONG MANG DIEN TRO HINH CHU T TREN HINH 8.19.B TRONG PO
PIEN TRG NOI TUGNG DUONG LA R, SUC PIEN PONG NGUON TUONG PUGNG LA Uy

MI'L

u, =—2(d,2° +d,2* +d, 2 +d,2°) (8.15)

e 24

HINH 8.19.C LA SG PO TUONG PUONG TOAN MACH, THEO LY THUYET MACH
KHUECH DAI THUAT TOAN, TA CO DIEN AP TUONG TUDAU RA U, LA:
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Upor "
=—u =—2—f{(d323+d222+d,21+d02 ) (8.16)

BIEU THUC 8.17 CHUNG TO RANG BIEN PO DIEN AP TUONG TU PAU RA Ti LE
THUAN VGI GIA TRI TIN HIEU SO & PAU VAO. CO THE THAY RANG, POI VGI DAC
PIEN TRO HINH CHU'T N BIT THI PIEN AP TUONG TU G DAU RA U, LA:

u,,
Uy =22 (g, 2" e d, 22 4+ d,2 +d,2°) (8.17)

Ui
Ui SR
R R 2R
ID%_O Uo
1 T%. I Ue
® ©

HINH 8.19. MACH TUONG PUONG CUA MACH
DIEN HINH 8.18: MANG PIEN TRG HINH CHU T KHI D,

)
~

a

A
A

P
=
|
|
|

B
B

o o

Ly
T T
gl K

e
—

u ref u ref ref’ IU ref I
2 | 2 L’?L‘?T_} D, D,, D, = 0001 (A);, MACH TUONG PUONG CUA
A B ‘T) e D= MANG DIEN TRO HINH CHU T (B); MACH TUONG
a
DUONG CUA MACH HINH 8.18 (C).
B) SAI SO CHUYEN POI

CAC NGUYEN NHAN DAN PEN SAI SO CUA DAC HINH CHUT LA:
- SAI LECH CUA PIEN AP CHUAN THAM CHIEU Uy -

- SAI LECH PIEM KHONG CUA KHUECH DAI THUAT TOAN.
- PIEN AP SUT TREN DIEN TRO TIEP XUC CUA TIEP BPIEM CHUYEN MACH.
- SAI SO CUA PIEN TRO.

TRONG TRANG THAI DONG CO THE MANG DIEN TRG HINH CHU T NHU MOT
DAY TRUYEN DAN. VAY CAC TIN HIEU XUNG SINH RA TAI CAC CHUYEN MACH CO
THOI GIAN TRUYEN DAN PEN BO KHUECH DAI THUAT TOAN KHONG NHU NHAU.
DO PO SE SINH RA CAC XUNG NHON BIEN PO PANG KE 3 PAU RA. LAI THEM SAI
SO THOI GIAN CHUYEN MACH CO THE KEO DAI THOI GIAN DUY TRI XUNG NHON.
TRONG TRANG THAI DONG, GIA TRI TUC THOI CUA PIEN AP TUONG TUDAU RA CO
THE LGN HON NHIEU SO VOI GIA TRI ON DINH, NGHIA LA SAI SO DPONG CO THE RAT
LON. GIA TRI PINH CUA XUNG NHON SINH RA TRONG TRUGNG HGP BIT CO TRONG
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SO LGN NHAT CAC TIN HIEU SO PAU VAO TU 0 CHUYEN SANG 1, CON TAT CA CAC
BIT KHAC VAN O 1. LUC NAY GIA TRI BIEN AP TUC THOI 6 DAU RA BANG GIA TRI
PIEN AP TUONG TUDAU RA DO CHUYEN DOI DA CUA TIN HIEU SO LON NHAT (CAC
BIT DEU LA 1).

PE KHUBO ANH HUONG CUA SAI SO DONG, TA CO THE DUNG MACH GIU MAU
G PAU RA CUA DAC (XEM PHAN MACH LAY MAU, GIU'MAU). HON NUA THOI GIAN
LAY MAU, CHON SAU KHI PA KET THUC QUA TRINH QUA PO. KHI bO LUC LAY
MAU, THI XUNG NHON DA QUA ROI, NEN SAI SO KHONG ANH HUGNG PEN MAU
NUA.

C) TOC PO CHUYEN POI

DAC HINH CHU T CONG TAC SONG SONG (CAC BIT TIN HIEU SO PAU VAO,
PUGC PUA VAO SONG SONG) NEN €O TOC PO CHUYEN POI CAO. THOI GIAN CAN
THIET CHO MOT LAN CHUYEN POI GOM HAI POAN: THOI GIAN TRE CUA BIT TIN
HIEU VAO XA NHAT NAO PO PEN BO KHUECH DAI THUAT TOAN VA THOI GIAN CAN
THIET DE BO KHUECH DAI THUAT TOAN ON DINH TIN HIEU RA. HIEN NAY IC DON
CHIP DAC TU 10 + 12 BIT CO THOI GIAN CHUYEN POI CG VAI pS, TRONG PO THOI
GIAN TRE TRUYEN DAT KHONG QUA 1p8.

2. BO CHUYEN POI DAC PIEN TRO HINH CHU'T PAO
HINH 8.20 TRINH BAY SO PO DAC PIEN TRG HINH CHUT PAO.

PE TRANH KHOI CAC XUNG LSB MSB R
?do le ?d ﬁl’ds
I
|

NHON XUAT HIEN TRONG QUA
TRINH PONG CUA DAC DIEN
TRO HINH CHU T , NHO VAY
NANG CAO DPbudCc TOC PO
CHUYEN POI, TA TIM CACH
DUY TRI DONG DIEN QUA MOI
NHANH TRONG MANG LA HINH 8.20. DAC PIEN TRO HINH CHU'T DAO.
KHONG POL DU TIN HIEU SO

DAU VAO LA 1 HAY LA 0 THI

DONG DPIEN CHAY QUA TRONG

NHANH TUONG UNG VOI BIT bO

COUNG KHONG DOL

Uo

Uref
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VAY LA CO THE LOAI TRU CO BAN NGUYEN NHAN TAO RA XUNG NHON. HINH 8.20
GIGI THIEU MACH DIEN BPAM BAO MUC PICH PO. CHUNG TA GOI MACH HINH 8.20
LA DAC PIEN TRO HINH CHUT DAO.

NEU BIT BAT KY CUA TIN HIEU SO PAU VAO LA 1 THI CHUYEN MACH TUONG
UNG SE NOI BPIEN TRG NHANH XET VAO PAU PAO CUA BO KHUECH DAI THUAT
TOAN, NEU BIT LA 0 THI CHUYEN MACH SE NOI PIEN TRG XUONG PAT. VAY DU
TRANG THAI TIN HIEU PAU VAO THE NAO THI DONG DIEN MOI NHANH PEU GIT
KHONG POL. DONG DPIEN TONG LAY TU NGUON PIEN AP CHUAN DO PO CUNG
KHONG DOI:

_ Uy
R

uref
2 4

DO O COPIEN AP DAURA:  u, =—I,R=— (d323+d222+d121+d02°)

(8.18)

TUC LA PIEN AP TUONG TU DAU RA Ti LE VOI VOI GIA TRI TIN HIEU SO DAU
VAO. UU DPIEM NOI BAT CUA MACH NAY LA TOC PO CAO, VA XUNG NHON G AU
RA TRONG QUA TRINH DPONG LA RAT NHO.

DONG PIEN TRONG CAC NHANH CUA MANG DIEN TRO HINH CHUT DAO NOI
TRUC TIEP VAO DAU VAO CUA BO
KHUECH DAI THUAT TOAN; VI VAY KHONG CO SAI LECH THOI GIAN TRUYEN DAT
CHUNG, TUC LA GIAM NHO SAI SO TRANG THAI DONG. TRONG QUA TRINH CHUYEN
POI TRANG THAIL DONG PIEN TRONG TUNG NHANH VAN KHONG POI, KHONG CAN
THOI GIAN KIEN LAP VA NGAT BO CUA DONG PIEN (CAC CHUYEN MACH TUONG TU
NOI CHUNG PEU CONG TAC THEO YEU CAU TRUGC THONG SAU NGAT KHI CHUYEN
POI TRANG THAI).

VI NHONG NGUYEN NHAN TREN DAY, MACH DAC PIEN TRO HINH CHU T PAO
LA MACH CO TOC PO CHUYEN POI DA HANG CAO NHAT.

SAI SO TINH CUA MACH PIEN TRG HINH CHU T PAO CUNG GIONG NHU MACH
PIEN TRO HINH CHUT TREN DAY.
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CHUONG 9

NGUON NUOI MOT CHIEU

NGUON NUOI MOT CHIEU LA CAN THIET CHO MOI THIET BI BIEN TU, TRUMOT
SO TRUONG HOP CAC THIET BI PIEN TU PUGC THIET KE CHI DUNG CAC NGUON
PIEN HOA NHUPIN, AC-QUY; TRONG NHIEU TRUONG HOP NGUON NUOI MOT CHIEU
PUGC TAO RA BANG CACH BIEN POI VA CHINH LUU DONG PIEN XOAY CHIEU 50 HZ
TU MANG DIEN CONG NGHIEP THANH PHO. NHU TAI CHUONG 4 VE MACH CHINH
LUU DUNG DIODE BAN DAN PA NOI, DO CO GON SONG BIEN PO GAY RA BOI SU
BIEN POI GIA TRI TUC THOI CUA NGUON DIEN AP XOAY CHIEU NEN CAN CO BO
LOC THONG THAP DE SAN BANG GON SONG. CONG DO THANG GIANG CUA NGUON
PIEN VAO VA THANG GIANG CUA TAI CUNG CAC BIEN PONG KHAC NEN MUON CO
PUCC DIEN AP RA BO NGUON ON PINH THI PHAI THIET KE THEM CAC MACH ON AP
(HOAC ON DONG) PE BU TRU CAC BIEN PONG NAY. SO PO KHOI CUA MOT NGUON
NUOI MOT CHIEU NOI CHUNG PUOC BIEU DIEN TREN HINH 9.1.

G : :
220V~ | B;e“ Chinh Loc g"nagg Loc | Ti
[c —— p luu L1

HINH 9.1. SO PO KHOI CUA NGUON NUOI CO ON AP.

BIEN AP LA THIET BI BIEN POI DIEN AP XOAY CHIEU LOI VAO (THI DU, 220V~)
THANH DIEN AP XOAY CHIEU LOI RA CO BIEN DO CAN THIET.

MACH CHINH LUU CO NHIEM VU CHUYEN DIEN AP XOAY CHIEU BEN THU CAP
BIEN AP THANH DIEN AP MOT CHIEU CO BIEN PO BIEN BOI MAP MO.

MACH LOC THONG THAP SAN BANG CAC MAP MO, CHAN CAC THANH PHAN
SONG XOAY CHIEU VA CHI CHO THANH PHAN MOT CHIEU CO BIEN PO KHONG DOI
DI DEN TAL

BO ON AP (HOAC ON DONG) CO NHIEM VU LAM ON DINH DIEN AP (HOAC DONG
PIEN) G LOI RA TREN HAI PAU TAI CHO DU CAC PIEN AP TRUGC PO HAY TRO TAI
THAY DOI TRONG MOT GIGI HAN NAO PO.

DUGI DAY SE PIEM QUA MOT SO LOAI NGUON NUOI VA MACH ON AP.

9.1. CAC BO CHINH LUU KHONG PIEU KHIEN
9.1.1. CAC BO CHINH LUU THONG THUONG

251



CAC BO CHINH LUU MOT NUA CHU KY VA HAI NUA CHU KY DA PUJC TRINH
BAY TRONG CHUONG 4. HINH 9.2 LA CAC SG PO CHINH LUU THONG DUNG. BO
CHINH LUU NUA CHU KY HINH 9.2.A DA PUJC TRINH BAY TAI CHUONG 4. NEU DIEN
TRO TAI DU LON THI THE RA BANG THE DINH (BIEN PO SONG SIN). NHU TREN HINH
CHO THAY NEU THE HIEU DUNG XOAY CHIEU G LOI RA CUON THU CAP BIEN AP LA
6VAC THI THE RA TREN TAI CO 6x+/2 ~8,5V MOT CHIEU. DANG SONG LOI RA KHI
KHONG €O BO LOC VA €O BO LOC NHUHINH 9.2.B. BO CHINH LUU HAI NUA CHU KY
DUNG 2 DIODE VOI BIEN AP CO PIEM GIUA NOI PAT (HINH 9.2.C) CHO PHEP TIET
KIEM PUGC 2 DIODE NHUNG CUON THU CAP BIEN THE CUON CO PHUC TAP HON DO
CAN DUA RA DIEM GIUA CUA CUON DAY. DANG SONG LOI RA TREN HINH 9.2.D CHO
THAY HIEU QUA LOC SE TOT HON DO LOI RA TON TAI CA HAI NUA CHU KY SONG
SIN. THAY VI CHO SO PO HINH 9.2.C THUONG HAY DUNG BO CHINH LUU HAI NUA
CHU KY KIEU NAN CAU NHU HINH 9.2.E. SO PO NGUON CHINH LUU LUGNG CUC + E
CHO TREN HINH 9.2.F.

. E: Thé chinh luuchualoc € téi ddloc
T + -|— .t
290 V~ 6 VAC C = Ry =~8,5VDC ‘ v 7 ",‘ g
T l
@ ®)
D,
o » J-
~ | cxE |[|Rre a
D, I
o O
+
" | R
. i
| I I '|' { S S— oV
J_ +
T 0 -V¢

(e) ®
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HINH 9.2. MOT SO NGUON MOT CHIEU THONG DUNG.

9.1.2. LOC GON SONG LOI RA TREN TRO TAI

TRONG CAC SO PO TREN, DIEN AP RA TREN TAI MGI LA MOT CHIEU NHUNG CO
BIEN PO CON BIEN POI THEO SONG HINH SIN. MUON CO BUOC DIEN AP RA MOT
CHIEU CO BIEN PO BANG PHANG (KHONG DOI) PHAI MAC SONG SONG VGI TAI MOT
TU PIEN € CO DPIEN DUNG BU LON NHU BA NOI TRONG CHUONG 4. VI PIEN TRO
THUAN R, CUA DIODE RAT NHO VA R, << R, NEN HAU NHU TU PUOC NAP TGI GAN
THE PINH CUA PIEN AP XOAY CHIEU TRONG MOI CHU KY. TIEP PO DO DIEN AP
XOAY CHIEU GIAM XUONG THEO DANG HINH SIN VA SANG CHU KY AM (NEU LA
CHINH LUU NUA CHU KY) NEN THE ANODE CUA DIODE TRGO NEN THAP HON THE
KATHODE (LA THE TREN TU PIEN), DO VAY DIODE BI CAM. TU LUC NAY SE PHONG
DIEN QUA DPIEN TRG TAI VOI HANG SO THOI GIAN BANG R,C LON HON NHIEU HANG
SO THOI GIAN KHI NAP. PUONG PHONG DIEN THEO HAM E MU BUOC SUY GIAM RAT
CHAM CHO TOI KHI GAP SUON LEN CUA CHU KY DUONG SONG HINH SIN TIEP THEO.
KET QUA LA TA SE CO MOT DIEN AP LOI RA TREN TAI TUGNG POI BANG PHANG
NHU HINH 9.3. TREN HINH CONG CHO THAY DONG PIEN CHAY QUA DIODE CHI
XUAT HIEN KHI DIODE PUGC PHAN CUC THUAN TRONG MOT PHAN NHO NUA CHU
KY PIEN AP XOAY CHIEU. TRI TRUNG BINH CUA DONG NAY QUYET DINH DEN KHA
NANG CHIU NHIET CUA DIODE VA CANG NHO KHI TRO TAI CANG LON. NEU NHIN
NHAN THEO QUAN DPIEM PHO THI PHO FOURIER CUA DIEN AP RA TREN TAI SAU
CHINH LUU KHI CHUA MAC TU DIEN BAO GOM THANH PHAN MOT CHIEU VA CAC
THANH PHAN XOAY CHIEU CO TAN SO BANG VA LON HON TAN SO MANG DIEN
CONG NGHIEP 50HZ. DO VAY MUON DIEN AP RA NAY HOAN TOAN LA MOT CHIEU
THI PHAI DUNG MOT MACH LOC TAN THAP BAO GOM CAC PHAN TUR,, C VA R, LAM
SUY GIAM HET CAC THANH PHAN XOAY CHIEU TREN.
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VOI R, CO PINH, TICH Us
SO R,C CANG LON CANG - Ur (9 oy
THU HEP DAI TRUYEN |
CUA MACH QUANH
THANH PHAN MOT CHIEU
VA DIEN AP RA CANG
BANG PHANG. TRONG
MOT SO TRUONG HOP lo
NGUOI TA CO THE MAC
THEM MOT SO MACH LOC
TAN THAP NUA, PAC BIET
LA MACH CO CUON CAM L MAC NOI TIEP VOI TAL TRONG KY THUAT, THUONG
DANH GIA PHAM CHAT CUA MACH LOC CHINH LUU BANG TY SO MAP MO
k.= ?]—UXJOO% TRONG PO U, LA BIEN PO DIEN AP XOAY CHIEU CAP CHO BO CHINH

0

Thé trén tai
khi cé tu

:
o,
1
1
1
1
1
1
1
1
1

N\

\ [\ t

[
1
|
1
1
1
'
! ~
|
1
1
1
1
'
1
1

HINH 9.3. LOC GON SONG TREN TAL

LUU, AU LA GIA TRI PIEN AP MAP MO TREN TAL THEO HINH 9.3 THI AU BUOC TINH
BANG HIEU CUA U, TRU DI GIA TRI SONG SIN TAI GOC PHA ¢ UNG VOI THOI BIEM
DUONG PHONG DIEN CUA TU QUA TAI GAP SUON LEN CUA NUA CHU KY SAU DIEN
AP XOAY CHIEU. CHO GIA TRI TAL TA CO THE TINH BUGC PIEN DUNG C TOI THIEU
PE DPAM BAO MOT TY SO MAP MO CAN THIET. THf DU CHO TRG TAI R, = 10 KQ,
CHINH LUU NUA CHU KY VA TY SO MAP MO K, =1%. TINH C ?

_AU _U,-U,sinb,

k,
U() U()

=1-sin, — sinf,=1-k, — 6, =arcsin(l-k,) ©.1)
TU PHONG DIEN QUA TAI TUTHOI PIEM 6, = /2 PEN & = 6, + 2 THEO QUY LUAT
EMU:
Uy = er—t/RC _ er—(Hj—Hz)/a)RC _ er—(e, +27-712)1 wRC 9.2)
TAI GOC 6, THOA MAN CA HAI PUONG PHONG PIEN DANG E MU VA BUONG SIN,
CO PHUONG TRINH:
er—(0,+3zz'/4)/a)RC = U, siné, (9.3)

arcsin(] -k, )+ %Z

TUDPAY TINH BUGQC: C=-
27.f.R.In(I1-k,)

(9.4)
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THAY CAC SO VAO CO:
Ce- arcsin(1 —40,0])+ 3 /4 1201070 F = 120 uF
27.50.10%.In(1 - 0,01)

VOI TRUONG HOP CHINH LUU HAI NUA CHU KY, THAY GOC 6, = 6, + = TA SE
TINH DUGC C =95 pF.

9.1.3 CAC BO CHINH LUU BOI AP

TRONG CAC BO CHINH LUU NOI TREN, DIEN AP RA MOT CHIEU KHONG TAI CUC
DAI CONG CHI BANG BIEN O THE LOI VAO XOAY CHIEU.

TRONG MOT SO TRUONG HOP, KHI CAN MOT DIEN AP RA CO GIA TRI CAO HON
MA VAN CHI DUNG DIEN AP VAO XOAY CHIEU CO BIEN DO THAP THI PHAI CAN
DUNG BO CHINH LUU BOI AP.

HINH 94 LA SO PO BO CHINH LUU
NHAN POI THE. TRONG NUA CHU KY VAO It ,
AM, DONG DIEN SE NAP CHO TU C, QUA | (e é] R

220 V~

DIODE D, VOI THE PHAN CUC TREN TU NHU =C;
HINH VE. PO LON CUA THE NAY PON GIAN T
BANG BIEN PO DIEN AP VAO XOAY CHIEU.
TRONG NUA CHU KY DUONG TIEP THEO,
DONG DIEN SE PI QUA C,D, VA NAP DIEN
CHO C,. NHU VAY DIEN AP NAP CHO C, LUC
NAY SE BANG TONG BIEN PO DIEN AP VAO XOAY CHIEU TRONG NUA CHU KY
DUONG CONG VOI THE TREN TU C, DA BUGC NAP SAN TRONG NUA CHU KY AM CUA
NGUON PIEN VAO. HAY NOI CACH KHAC THE TREN TU C,, TUC LA THE CAP CHO
TAIL BANG 2 LAN BIEN PO DIEN AP VAO XOAY CHIEU.

HINH 9.4. BO CHINH LUU NHAN DOI
THE.

HINH 9.5. LA SG PO BO CHINH
LUU NHAN THE BOI AP NHIEU LAN.
TRONG NUA CHU KY AM THU NHAT,  220v-
D, THONG, D, VA D, CAM; TU (, ¥
PUOC NAP DEN THE U, ~ U,~. NUA G
CHU KY DUONG TIEP THEO, D,
THONG, D, VA D, CAM; DONG QUA D,
NAP CHO C, BPIEN AP GAP POI U, = 2U,~ NUA CHU KY AM TIEP THEO NUA, D,
THONG, D, VA D, CAM; DONG QUA D; NAP CHO CAC TU C, MAC NOI TIEP VOI C, VOI

(e,

HINH 9.5. BO CHINH LUU BOI AP N LAN.
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THE BANG U,~ + U, = 3U,~. TUY NHIEN DO C, DA BUOC NAP PEN THE U,~ NEN C, SE
PUOC NAP PEN THE U, = 2U,~. LY LUAN TUONG TU CHO MAT THU 4 VA CAC MAT
TIEP THEO.

9.2. BO CHINH LUU CO PIEU KHIEN

BO CHINH LUU €O PIEU KHIEN SUDUNG LINH KIEN THYRISTOR HOAC TRIAC
CHO PHEP PIEU CHINH DE DANG CONG SUAT RA TREN TAI BANG CACH PIEU
CHINH THOI BIEM MOI (PIEU CHINH PHA) THICH HOP. HINH 9.6 LA MOT SO PO
CHINH LUU €O PIEU KHIEN SUDUNG THYRISTOR. SO PO NAY CHO PHEP DE DANG
PIEU CHINH CONG SUAT RA TREN TAI (THI DU, BPIEU CHINH PO SANG TOI CUA MOT
TAI LA BONG DEN DAY TOC). NGUYEN TAC HOAT PONG CUA SO PO LA BIEN POI

HINH 9.6. SO DO PIEU CHINH CONG SUAT RA TREN TAL

NHIN VAO SO PO MACH TA THAY, KHI BAT PAU NUA CHU KY DUONG
THYRISTOR G VAO TRANG THAI CAM. TU C SE PUJC NAP DPIEN QUA MACH GOM
BIEN TRO P VA PIEN TRO TAI R, VOI HANG SO THOI GIAN PR,,C. LINH KIEN MAC NOI
TIEP VOI CUC PIEU KHIEN CUA THYRISTOR VA SONG SONG VGI TU C GOI LA DIAC.
DIAC LA MOT LINH KIEN CO DAC TINH GIONG NHU THYRISTOR NHUNG KHONG CO
CUC PIEU KHIEN, CHI CO 2 CUC ANODE VA KATHODE NHU MOT DIODE. NO SE
CHUYEN TU TRANG THAI CAM SANG THONG RAT NHANH KHI THE TREN HAI CUC
DAT TOI MOT GIA TRI NGUONG U, NHAT DPINH. KHI THE TU DIEN C (BANG THE
TREN DIAC) PAT TGI Uy, THI DIAC CHUYEN SANG TRANG THAI THONG. TU PHONG
PIEN QUA DIAC TAO THANH MOT XUNG DUONG DUA VAO CUC CUA DIEU KHIEN,
LAM CHO THYRISTOR THONG. LUC NAY TOAN BO PIEN AP NGUON PUJC DAT LEN
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TRO TAI PEN R,. THYRISTOR SE THONG CHO TGI HET NUA CHU KY DUONG. TGI NUA
CHU KY DUONG TIEP THEO QUA TRINH TIEP DIEN NHU VAY.

VAY BANG CACH DPIEU CHINH GIA TRI CUA BIEN TRO P, TA CO THE BIEN POI
PUOC HANG SO THOI GIAN NAP PIEN CHO TU VA CO NGHIA LA BIEN POl GOC PHA
MG @ CHO THYRISTOR. NHIN TREN GIAN PO THOI GIAN TA THAY GOC MG NAY
QUYET PINH CONG SUAT TRUNG BINH, CONG SUAT HIEU DUNG SAN RA TREN TAL
GOC MO ¢ CANG LON, CONG THE HIEU DUNG VA CONG SUAT TREN TAI CANG NHO,
PEN CANG SANG YEU.

9.3. MACH ON AP KIEU BU

MACH ON AP CHO PHEP MOT SUON DINH CUA PIEN AP LOI RA TRONG MOT DAI
BIEN POI CUA PIEN AP NGUON VAO CUNG NHU SU BIEN POI CUA CAC THONG SO
KHAC NHU: TRO TAI, THANG GIANG NHIET O MOI TRUONG, V.V... THUONG QUAN
TAM DEN DINH NGHIA HE SO ON AP CHO BIET PIEN AP LOI RA BI ANH HUONG BAO
NHIEU KHI DIEN AP NGUON VAO BIEN THIEN 10%:

kg = AUy x 100% (9.5)

Ura U, bién thién 10%
T ,R,=const

NGOAI SO PO ON AP DUNG CAC DIODE ON AP (ZENER) NHU DA TRINH BAY
TRONG CHUONG 4, CAC SO PO BO ON AP KIEU BU CHO PHEP NANG CAO CHAT
LUONG VA PAP UNG HAU HET CAC YEU CAU THUC TE. CO THE PHAN LOAI THEO
KET CAU SO PO BO ON AP KIEU BU GOM 2 LOAL: KIEU BU NOI TIEP (HINH 9.7.A) VA
BU SONG SONG (HINH 9.7.B). TRONG PO, C LA PHAN TUDIEU CHINH, KDSS LA PHAN
TUKHUECH DAI VA SO SANH, E; LA NGUON PIEN AP CHUAN, Rg LA TRG HAN CHE
DONG.

Iy =y

U,

c
e}
=
U}
?
»

Pl
7
I 1
T

(A) (B)
HINH 9.7. SO O KHOI MACH ON AP KIEU BU NOI TIEP (A) VA BU SONG SONG (B).
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NGUYEN TAC HOAT BPONG CUA BO ON AP NOI TIEP NHU SAU: DO MOT NGUYEN
NHAN NAO PO DAN BEN LAM BIEN DOI BIEN AP MOT LUONG NAO PO. LUGNG NAY
PUOC SO SANH VOI PIEN AP CHUAN Uy, TAI PHAN TUKHUECH PAI SO SANH KDSS.
LOI RA CUA BO KPSS LA BIEN DONG AU, =U; -U,, SE TAC PONG LEN PHAN TU
PIEU KHIEN C. VI C PUOC MAC NOI TIEP VGI TRO TAI NEN SUTAC PONG NAY PUGC
THIET KE SAO CHO SUT AP TREN C TANG HAY GIAM DE BU LAI SUGIAM HAY TANG
CUA DIEN AP TRG TAL DO VAY MA DIEN AP TREN TAI BUGC BU GITKHONG DOL

NGUYEN TAC HOAT PONG CUA BO ON AP SONG SONG LA NHU SAU: NHU 0 BO
ON AP NOI TIEP, PHAN BIEN DONG AU, =U, -U,, DUGC PHAT HIEN BOI PHAN TU
KHUECH DAI SO SANH KDSS VA NGUON AP CHUAN SE TAC PONG LEN PHAN TU
PIEU KHIEN C LAM THAY POI DONG QUA NO. DO C PUGC MAC SONG SONG VOI TAI
QUA TRO Rg NEN DONG NAY SE CO XU HUONG DIEU CHINH SU TANG HAY GIAM
SUT AP TREN Ry THEO XU HUONG BU LAI SU GIAM HAY TANG AP TREN TRO TAI:
NEU PIEN AP TREN TRO TAI TANG THI DONG QUA C SE TANG LAM DONG QUA TAI
GIAM DAN TGI THE TREN DO KHONG DOI, V.V...

TA SE XET MOT MACH ON AP NOI TIEP MOT TANG CU THE DUNG BO LAP LAI
EMITTER DON GIAN NHAT NHU HINH 9.8.A. TRONG SO PO NAY, TRO TAI R; GITU VAI
TRO NHU TRO EMITTER R, TRONG BO KHUECH DAI LAP LAI EMITTER MA TA DA
KHAO SAT TRUOC PAY.

+ O— O +

U, U,

R:
Rr
p
Uch
oY o
(A) (B)

©
HINH 9.8. SO DO CAC ON AP MOT TANG DON GIAN DUNG TRANSISTOR.
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TRONG SO PO, DIODE ZENER DPUJCPHAN CUC NGUOC TAO RA NGUON DIEN AP
CHUAN U,,,. TRANSISTOR DONG CA HAI VAI TRO KHUECH DAI SO SANH VA PIEU
CHINH. GIA SUVIMOT LY DO NAO bO U, TANG —> U, TANG. NHUNG DO U, CHINH LA
U, VA U, CHINH BANG U, KHONG POI, NEN KET QUA LA U, = U, - U, GIAM — DAN
TOI LAM GIAM DONG I VA GIAM DONG I, , CHINH LA DONG QUA TAIL KET QUA LA
THE TREN TAI BANG IR, GIAM. SO PO PUGC THIET KE SAO CHO THE RA GIAM DI
MOT LUONG DUNG BANG SUTANG VA TA CO U, PUGC GITKHONG POL
THEO HINH DE THAY PIEN AP RA CUA BO ON AP BANG: U, =U; =U,, —U g
PIEN TRO RA BANG CHINH TROG RA CUA BO LAP LAl EMITTER:
U e L _Ur

a, I1+p S I,

r, = . VOI THE NHIET U, = 25,5 MV VA DONG 1, = 100 MA CO

THE THAY RANG TRG RA NAY KHA NHO €3 0,3 Q.

NEU CAN PIEU CHINH PIEN AP RA THI CO THE SUDUNG SO PO 9.8.B TRONG PO
MOT PHAN PIEN AP CHUAN PUJC TRICH TU BPIEM GIUA CON CHAY BIEN TRG P.
PIEN TRG CUA BIEN TRG CAN NHO HON R, PE KHONG LAM TANG TRO RA CUA
MACH.

KHI CAN DONG RA ON AP LGN THI DUNG SG DO HINH 9.8.C TRONG DO DUNG 2
TRANSISTOR T, VA T, MAC DACLINGTON BE TANG DONG TAL.

SO PO HINH 9.9 LA SO PO BO ON AP HAI .

+ O

. R o
TANG DUNG TRANSISTOR. DIODE ZENER Ri R, ¢ U,
o

PONG VAI TRO NGUON DIEN AP CHUAN, o,

TRANSISTOR 7, LA PHAN TU BIEU CHINH VA Ik Re
TRANSISTOR T, LA PHAN TUKDSS. LY LUAN Uen
TUONG TU'NHU TREN TA CONG CO: GIA SUU,

TANG — Uy, TANG— Uy, TANG— DONG Ie;  HiNH 9.9. BO ON AP 2 TANG DUNG
TANG, U, GIAM—> Uy, GIAM DAN TOI LAM Tl'{ANSISTOR.
TRANSISTOR 7, BOT THONG HON (NOI TRGO

TANG), DONG I, VA I, GIAM BI MOT LUONG SAO CHO THE RA U, = I,,R, KHONG POL.

NEU MACH GANH EMITTER CO PUGC MOT BO KDTT MAC KIEU LAP LAI PIEN
AP NHU HINH 9.8.A THI DAC TINH CUA BO ON AP SE PUOC CAI THIEN HON NUA.
CHUNG NAO BO KDTT CON HOAT DONG TRONG MIEN TUYEN TINH THI DIEN AP HAI
LOI VAO PAO VA KHONG DAO VAN PUGC GIU BANG NHAU. NHUNG VI AU VAO
PAO BUGC NOI VOI LOI RA NEN DIEN RA RA CUA BO ON AP TRONG TRUONG HOP
NAY LUON PUGC GIUBANG DIEN AP PAU VAO KHONG PAO TUC LA BANG PIEN AP
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CHUAN (THUC RA SAI KHAC VAI CHUC MICRO VON). HAI HINH 9.10.B VA 9.10.C LA
CAC SO b0 BO ON AP PIEU CHINH DUGC DIEN AP RA VA RAT ON DINH. DIEN AP RA
TRONG CAC TRUONG HOP PUOC PIEU CHINH BOI VI TRI TIEP BIEM CUA CON CHAY
BIEN TRG P VA NAY SE NAM TRONG DAI LGN HON PIEN AP CHUAN CUA DIODE
ZENER. PAY LA DIEU 6 CAC BO ON AP HINH 9.8 KHONG THE CO PUJC. HINH 9.10.C
CO PIEM PAC BIET LA DIODE ZENER PUOC CAP THE QUA TRGO R, KHONG PHAI TU
NGUON CHUA ON AP MA LA TU NGUON PA ON AP. DO VAY CAC BIEN THIEN TU
NGUON VAO HAU NHU KHONG ANH HUGNG TOI PIEN AP CHUAN DO DIODE ZENER
TAO RA NUA. MACH NAY CO bO ON DINH CAO.

T

+ O O
Uy U
R:
Uch
- O
(a)
T T
+ O O+ + O O+
U U, U, U,
R1 Ry R,
> R T
- N > [ P
» | P
L/ L/
N Uen AN Uch
Rs Rs
— o o - o o}
(b) (©)

HINH 9.10. CAC BO ON AP DUNG BO KDTT LAM PHAN TUKDSS.

9.4. CAC VI MACH ON AP

NGAY NAY THUONG NGUOI TA CHE TAO CAC VI MACH CO CHUC NANG ON AP
VOI CAC THAM SO CHUAN. CAC VI MACH NAY DO PUJC CHE TAO HANG LOAT NEN
GIA THANH CONG RAT RE VA THONG DUNG. CAC VI MACH ON AP GOM 2 LOALI:
LOAI THU'NHAT CO DBIEN AP LOI RA CO PINH VA LOAI THU HAI CO PIEN AP RA CO
THE PUOC PIEU CHINH TRONG MOT DAI NAO PO.
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CAU TAO BEN TRONG CUA CAC VI MACH ON AP NAY €O SO O PIEN HINH NHU

HINH 9.11.
1 O
u, é é
I, I,

Cx«

HINH 9.11. CAU TAO BEN TRONG CUA MOT VI MACH ON AP.

TRONG MACH DUNG DIODE D, LAM NGUON DIEN AP CHUAN U, DO PHAN HOI
AM TAO BOI PHAN AP R, R, NEN THE ON AP RA DPUJOC XAC LAP BANG :
U,=U,(l+R,/R,)

TU Cx DUNG PE HIEU CHINH TAN SO CUA SG PO NHAM CHONG TUKICH.

VOI LOAI CO PIEN AP RA CO PINH, PIEN HINH LA CAC HO VI MACH 78-XX VA
79-XX. HO NAY LA CAC VI MACH ON AP CO 3 CHAN RA: DAU VAO, DPAU RA VA DAU
NOI DAT, DONG DIEN AP RA CUC DAI THUONG €O 1A VOI BIEU KIEN VI MACH BUGC
GAN CANH TOA NHIET THICH HOP. LOAI 78XX CHO CAC VI MACH CO PIEN AP VAO
CO DAI TU 5 VDC BEN 30 VDC, PIEN AP RA CO PINH +5 V VOI LOAI 7805, +12V VOI
LOAI 7812, V.V... LOAI 79XX CHO CAC VI MACH ON AP CO DAI DIEN AP VAO TU -5
VDC DPEN -35 VDC; PIEN AP RA CO DPINH -5 V VOI LOAI 7905, -12V VOI LOAI 7912,
V.V... VOI LOAI CO PIEN AP RA BIEN BOI BUCC, THf DU VI MACH LM-327 CONG CO 3
CHAN RA: PAU VAO, DAU RA VA PAU NOI VOI BIEN TRO DIEU CHINH. PAU KIA
CUA BIEN TRG BUOC NOI VOI DAT. LOAI NAY CHO PIEN AP VAO TU +5 VDC DEN 35
VDC VA €O THE NHAN PUGC PIEN AP RA ON AP VOI GIA TRI TUY Y TRONG DAI TU
+3 V PEN +30 V PUGC PIEU CHINH BANG BIEN TRG. HINH DANG VA CHAN NOI CUA
HAI VI MACH ON AP CO DINH 7805 VA 7905 VA VI MACH ON AP CO THE DIEU CHINH
DIEN AP RA PUJC  LM-327 CHO TREN HINH 9.12. CAC LOAI KHAC CUNG CO HINH
DANG TUONG TU.

E E E/ Kim loai toa nhiét

H__ V6 cach dién
+1n VyVJrOul -In VVVGround +1n VVV + 261
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HINH 9.12. HINH DANG VA CHAN NOI CUA CAC VI MACH 7805 VA 7905.

NGOAI RA CON CO LOAI VI MACH ON AP CO HE SO ON AP CAO HON CAC LOAI
KE TREN, NHUNG CO DONG TAI NHO CHI CG VAI CHUC MA. THI DU NHU LOAI pA-
723 LA VI MACH BUOC DONG VO 14 CHAN, HAI HANG. THUONG LOAI NAY BUQC SU
DUNG TRONG CAC MACH DIEU KHIEN POI HOI DO ON PINH CAO, CON PHAN CONG
SUAT PUGC NO PIEU KHIEN LA CAC TRANSISTOR HOAC VI MACH CONG SUAT LON.
SO PO KHOI VA HINH DANG CUA VI MACH NAY CHO TREN HINH 9.13.

14 +Vee Ve Léira

transistor
néi tiép

Khuéch dai
sai sé

Ngu§n
chuan

7 -Vce

HINH 9.13. SO DO KHOI VA HINH DANG VI MACH ON AP pA-723.

HINH 9.14 LA MOT SO SO PO UNG DUNG CUA CAC VI MACH ON AP LOAI 7805 VA
7905. CAC LOAI VOI THE ON AP KHAC VE NGUYEN TAC CUNG PUJC DUNG TUONG
TU. NHIN CHUNG VIEC SUDUNG CHUNG RAT THUAN TIEN VA DE DANG. HINH 9.14.A
LA SO PO TAO THE ON AP CO DINH +5V TU VI MACH 7805. KHI CAN NANG CAO
DONG RA CUA BO ON AP CO THE DAU THEM MOT TRANSISTOR CONG SUAT PHU
NHU HINH 9.14.B. CUNG VOI CAC TRANSISTOR BEN TRONG VI MACH, NO TAO RA
MOT SO PO DACLINGTON CHO PHEP DONG RA BO ON AP TANG LEN.
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(c) (d

HINH 9.14. MOT SO SO PO NGUON ON AP DUNG VI MACH CO THE ON AP CO DINH.

TRONG TRUONG HOP CAN THE RA ON AP CAO HON +5V NHUNG CHI CO VI
MACH 7805, CO THE DUNG SO PO HINH 9.14.C TRONG PO DIODE ON AP (ZENER) CO
THE U, PUGC MAC TRONG MACH GIUA CHAN 3 CUA VI MACH VOI DAT. CACH NAY
CHO PHEP PIEN AP RA PUOC TANG LEN MOT LUONG BANG U,. PIEN TRO R DUNG
PE PIEU CHINH DONG CUA DIODE ON AP PEN MOT GIA TRI GAN CO DINH
Al =(U,-U,)IR.

KHI CAN CO NGUON DIEN AP LUONG CUC, CO THE DUNG SO BO NHU HINH
9.14.D, TRONG PO SUDUNG BIEN AP CO CUON THU CAP CO PIEM GIUA BUGC NOI
DAT VA HAI VI MACH ON AP TRAI DAU LA 7805 CHO LOI RA +5V VA LOAI 7905 CHO
LOIRA LA -5V.

9.5. BO ON AP KIEU XUNG

HIEU SUAT CUA MACH ON AP VGI CAC PHAN TU TICH CUC (NHU TRANSISTOR,
VI MACH) CHAY TRONG CHE PO LIEN TUC NHU KE TREN PHU THUOC NHIEU VAO
CONG SUAT TON HAO TREN PHAN TUDIEU CHINH LA CAC TRANSISTOR CONG SUAT
RA. CO THE GIAM CONG SUAT TON HAO NAY NEU CHO TRANSISTOR LAM VIEC O
CHE PO XUNG. TA CO LOAI ON AP XUNG HAY CON GOI LA BO ON AP CHUYEN
MACH (PONG - NGAT). TRANSISTOR DPIEU CHINH TRONG BO ON AP NAY PUGC
THIET KE LAM VIEC 0 MOT TRONG HAI TRANG THAL: THONG BAO HOA (PONG) VA
CAM (NGAT). KHI THONG, TRANSISTOR DAN NANG LUONG TU NGUON NGOAI DEN
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PHAN TU TICH LUY NANG LUONG (LA CUON CAM CUA BIEN THE HAY TU DIEN)
TRONG MACH. KHI TRANSISTOR CAM, THI PHAN TU TICH LUY SE CUNG CAP NANG
LUONG CHO MACH SAO CHO TREN TAI LUON LUON CO PIEN AP RA. MUON VAY THI
PHAI CO MOT BO LOC TAN THAP DE SAN BANG CAC XUNG LOI RA THANH DIEN AP
MOT CHIEU KHONG POL TAN SO PONG NGAT CUA KHOA TRANSISTOR THUONG
NAM TRONG DAI TU VAI CHUC HZ PEN TREN VAI CHUC KHZ PE CO THE DUNG CAC
CUON CAM LOI FE-RIT THICH HOP CHO PHEP GIAM NHO KICH THUGC BIEN THE VA
HIEU SUAT TON HAO NHO. HINH 9.15.A LA SO PO NGUYEN LY MOT BO ON AP KIEU
XUNG.

DIEN AP RA U, CUA BO ON AP PUGC SO SANH VOI BIEN AP CHUAN U, TRONG
BO PIEU KHIEN. PIEN AP SAI LECH SE PUGC DUNG PE PIEU CHE PO RONG XUNG
DO BO TAO DAO PONG PHAT RA. CHUOI XUNG NAY SE PIEU KHIEN PONG MO
TRANSISTOR T VOI TAN SO €O BINH NHUNG CO PO RONG XUNG (LA TY SO GIUA
THOI GIAN PONG TREN CHU KY DAO PONG) THAY POI PUGC. G LOI RA TREN
EMITTER CUA TRANSISTOR, CHUOI XUNG DONG PO SE PUJC LOC QUA BO LOC LC
PE CO PUOC PIEN AP RA BANG PHANG U,. BO BPIEU CHE BUOGC THIET KE SAO CHO
KHI PIEN AP U, GIAM XUONG DO MOT NGUYEN NHAN NAO PO (THI DU DO THE U,
GIAM), TIN HIEU PIEU KHIEN SE CHO CHUOI XUNG CO BO RONG LON HON NHAM
LAM CHO DONG TRUNG BINH QUA TRANSISTOR TANG LEN BU LAI SUGIAM THE U,
VA NGUOC LAI KHI THE U, GIAM THI PO RONG XUNG PUCC PIEU KHIEN SE GIAM
PI. KET QUA LA THE U, GIUKHONG POI TRONG MOT GIGI HAN NAO PO.

Tin hiéu
diéu khién

O o 1 :
U, L J_ U, ' | Bstao B6 didu ché Ly
! dao d6 rong | 2
Bo C i | dong xung !
diéu khién ! U, |
1

vy 1 BO didu khién ®) |

HINH 9.15. MACH ON AP XUNG (A) VA CAU TAO BO DIEU KHIEN (B).

PE TINH BO PIEU KHIEN TA XET DONG CHAY QUA CUON CHAN L. GIA THIET
TU C LGN VO CUNG NEN CO GON SONG MAP MO LOI RA BANG KHONG. HINH 9.16 LA
GIAN DO THOI GIAN CUA DIEN AP XUNG VA DONG TRONG MACH.

KHI TRANSISTOR BI CAM, TA CO: U, ~—-U, = const
(9.6)
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N dl R N A . , A N
V1 U, :Ld—L, NEN DONG QUA CUON CHAN L GIAM TUYEN TINH THEO THOI
t

GIAN:

di,
=-U,/L 9.7
0 2 9.7

tthéng tcgm

HINH 9.16. DIEN AP VA DONG DIEN TRONG BO ON AP XUNG.

KHI TRANSISTOR THONG, TA CO: U, =U, -U, =const
9.8)

LUC NAY DONG QUA L CONG TANG TUYEN TINH THEO THOI GIAN:

—=U; -U,)/dt 9.9
=, -u) (9.9)
. U, -U, )ty
A[L :ILmax _ILmin = UZtcam = ( ! Z)Ihang (910)
L L
& _ tth(”)ng _ tth(”)ng (9 11)
U] trh&ng + g T

NHU VAY DIEN AP RA BO ON AP SE TY LE THUAN VOI BO RONG XUNG CHUYEN
MACH VA KHONG PHU THUOC VAO DONG LOI RA KHI I, > (1/2) Al,.. DONG QUA
TRANSISTOR CHUYEN MACH KHI THONG BANG TONG DONG GANH I, VA DONG NAP
CHO TU. TY SO a = ILIM SE CANG LON KHI PIEN CAM CUON CHAN L CANG NHO.

2
TRI SO o. CUC PAI BANG 1,2 PE DAM BAO CAC THAM SO YEU CAU CHUYEN MACH
CUA TRANSISTOR.
TINH GIA TRI CUA L, THEO HINH 9.13 TA CO:
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1
1Ln1ax:12+5A]L (912)

Ry(1-U,/U;)
Z(ILmax _1]
[2

TRONG PO Ry = U,/ I, LA TRI SO PIEN TRG GANH CUA MACH. KHI PIEN DUNG C
LA HOU HAN, TREN LOI RA BO ON AP CO GON SONG. DONG NAP CHO TU BANG: I, =
I - L.

TUCAC BIEU THUC TREN TA BUOC: L =

(9.13)

CHU KY NAP VA PHONG CUA TU LA MIEN GACH CHEO TREN PO THI. TRI SO
GON SONG THOA MAN HE THUC SAU:

AQ 1 1(1 1 1
AU, =TC=E'E(Etthéng +5tcd'm]5NL (9.14)
TUDAY SUY RA:
av,=—Y [ Y (9.15)
SLCf U,

DO CHUA TINH PEN TRGO DO CUA TU NEN TREN THUC TE TRI SO PIEN AP XUNG
PO PUOC SE LON HON GIA TRI TINH TOAN POI CHUT. KHAC VOI BO ON AP LIEN
TUC, DONG TRUNG BINH CHAY QUA TRANSISTOR CHUYEN MACH SE NHO HON
DONG RA. BO QUA TON HAO, TA CO THE VIET BIEU THUC CAN BANG CONG SUAT
SAU:
Ul ~U.lI,
TUDO CO:
1,=(U,/U,)/1, (9.16)
TA THU TINH THI DU BANG SO CHO CAC THAM SO CUA BO ON AP. GIA SUYEU
CAU BO ON AP CO PIEN AP RA ON DINH 5V VGI DONG GANH LA 5A. DIEN AP VAO
KHONG ON PINH LA 10V. TAN SG DAO PONG CHON BANG 20 KHZ. TA CHON HE SO
PIEU CHINH o = 1,2. VGI CAC THAM SO NAY, TU CONG THUC (9.13) TA TINH PUGC
L = 63 pH. TRI SO CUC PAI CUA NANG LUONG CAM UNG BANG

El max =§L1£,W =1.ImJ . TRI SO NAY CHO PHEP TINH KHI CHON LOI CUON CAM.
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GIA SUDIEN AP GON SONG LOI RA CHO PHEP KHONG QUA 30 MV. TU CONG THUC
(9.15) TINH BUGC TRI SO TOI THIEU CUA TU C =413 pF.
TA CO THE PUA RA MOT SO PO CU THE CUA BO ON AP XUNG DON GIAN NHU

T ————

+ o—a VAV VNI
U, \TZ— L U,
R, R.
R3

e -

1 Ue

HINH 9.16.
9.16. SO PO MOT BO ON AP XUNG PON GIAN.

GIA SUR, PUJC NGAT KHOI MACH. LUC NAY MACH GIONG BO ON AP CO BO
LAP LAI DUNG KDTT VA THE RA U, BANG VOI THE CHUAN U,. KHI R, PUGC MAC
TRONG MACH VA GIA SU TRANSISTOR T DANG O TRANG THAI THONG BAO HOA,
DIEN AP RA TREN EMITTER U, GAN BANG DIEN AP VAO U,. HIEU THE GIUA U, VA
Uey PUOC THIET KE PHAN CHIA QUA PHAN AP R,R, SAO CHO THE TREN DAU VAO
KHONG PAO CUA BO KPTT CAO HON Uy MOT CHUT. DO VAY THE TREN DAU VAO
KHONG DAO CAO HON THE TREN PAU VAO DAO. BOI VAY LOI RA BO KDTT (3 VAO
THE BAO HOA DUONG. PIEN AP NAY NHU VUA NOI SE LAM T TIEP TUC THONG BAO
HOA VA LAM CHO U, XAP XY BANG U,. TRONG THOI GIAN T THONG, TU C PUGC
NAP QUA T VA CUON CHAN L. THE U. CONG LA THE TREN DAU PAO CUA BO KDTT
SE TANG DAN DEN KHI BANG ROI CAO HON THE TREN DAU VAO KHONG DAO. LUC
NAY BO KDTT CHUYEN TRANG THAIL, LOI RA NHAY SANG THE BAO HOA AM LAM
CAM TRANSISTOR T. KHI T NGAT THi THE LOI RA BO ON AP BAT PAU GIAM DO C
PHONG DIEN QUA TAL THE LOI RA GIAM XUONG, TUC LA THE PAU VAO PAO GIAM
TOI KHI NHO HON THE DAU VAO KHONG PAO THI BO KDTT LAI LAT TRANG THAI
VA PIEU KHIEN TRANSISTOR CHUYEN SANG THONG...

KHI T THONG, DONG QUA L PE NAP CHO C VA TICH TU NANG LUONG TRONG
CUON CAM. KHI T NGAT, NANG LUONG NAY TAO NEN MOT XUNG NGUOC RAT LON
DAT LEN TRANSISTOR T VA CO THE LAM HONG NO. Vi VAY, MOT DIODE D, (GOI LA
DIODE HAM) PUGC MAC VAO MACH BE THONG DONG CHO XUNG NGUOC PO QUA
D, VA TAI NHAM BAO VE QUA AP CHO TRANSISTOR.
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TRONG THUC TE THUONG SUDUNG SO DO ON AP XUNG VOI MACH DAO PONG O
SO CAP BIEN THE NHUHINH 9.17.

Ly Tr
O
C, —L e —\'T 1 o —o0 +
220V~ B_ : c, U,
C, Cy== : —©

L

Bo diéu k\hié’n cach ly Bo phat
vé dién dao dong

HINH 9.17. SO PO BO ON AP KIEU XUNG BEN SG CAP BIEN THE.

PIEN AP TUNGUON DIEN THANH PHO 220V~ PUGC CHINH LUU TRUC TIEP TUBO
NAN CAU BON DIODE D VA BO LOC DIEN VOI TU C,. NHU VAY THE TREN TU SE RAT
LGN CO 220 VAC x 1,4 ~ 308 VDC. TRANSISTOR CHUYEN MACH T CO TAI LA BIEN
THE TR. CAC XUNG DONG BEN SO CAP BUGC CAM UNG SANG CUON THU CAP SAU
pO PUGC CHINH LUU BOI DIODE D; VA LOC BOI TU C, CHO THE LOI RA MOT CHIEU
U, CUA BO ON AP XUNG. QUA TRINH PONG NGAT CUA TRANSISTOR PUGC PIEU
KHIEN BOI BO PIEU KHIEN CACH LY VE DPIEN. MACH NAY THUONG DUNG CAC BO
KHUECH DAI QUANG-DIEN (OPTRON) CO PIEN TRO CACH DIEN RAT CAO (CO TE-
TRA Q) VA PIEN THE PANH THUNG RAT CAO (CO KV). TRONG NHUNG TRUONG HOP
THONG THUONG, NO CHO PHEP CACH LY VE DIEN GIUA NGUON CAO THE 220V~
BEN MACH SO CAP VOI NGUON THAP THE MOT CHIEU BEN THU CAP BIEN THE TR.
CAC XUNG DIEU KHIEN BUOC PUA PEN TU BO PHAT DAO DONG. PAY LA MACH
PIEN PHAT RA CHUOI XUNG CO TAN SO KHONG POI NHUNG PO RONG XUNG PUGC
PIEU KHIEN BOI THE RA U,. PO RONG NAY TY LE NGHICH VGI PO LON CUA U,. GIA
SU. NEU VI NGUYEN NHAN NAO PO PIEN AP RA TANG LEN MOT LUONG NAO DO,
DAN TGI PO RONG XUNG PIEU KHIEN BUOC PHAT TUMAY PHAT DAO PONG GIAM
XUONG, TUC LA LAM THOI GIAN THONG CUA TRANSISTOR GIAM. PIEU DO DAN TOI
LAM GIAM DONG TRUNG BINH QUA BIEN THE SAO CHO PIEN AP RA GIAM PI MOT
LUONG DPUNG BANG LUONG TANG HAY NOI CACH KHAC DIEN AP RA SE GIUKHONG
POI DO CO SUPIEU CHINH BU TRU CUA MACH DPIEN XUNG. CONG LY LUAN TUONG
TU CHO TRUJNG HOP DIEN AP RA GIAM XUONG. SO PO NAY CONG PUGC DUNG
CHO CA TRUONG HOP PIEN AP VAO LA MOT CHIEU. CAC BO LOC L,C, VA L,C, DUNG
DPE NGAN CHAN CAC XUNG NHIEU DIEN TU BO ON AP XAM NHAP NGUOC TRG LAI
MANG DIEN THANH PHO LAM ANH HUGNG TGI CAC THIET BI KHAC.
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