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Sdach huong dén hoc tdp Dién tu tuong tu

LOI NOI BPAU

Sdch huong dan hoc tdp Dién tu tuwong tu do bo mon Dién tur - Vién thong bién soan
duwoc su dung lam tai liéu hoc tap cho sinh vién cua Khoa Ky thudt — Cong nghé.

Xudt phdt tir viéc phdi ¢6 mot tdi liéu giang day phit hop véi diéu kién gidng day va
hoc tdp riéng ciia khoa Ky thudt — Cong nghé, Trieong Pai hoc Thit Dau Mét. Chiing tdi
da bién soan sach huong dan hoc tdp Dién tu twong tu nham tao diéu kién thudn loi

nhat cho giang vién va sinh vién cua Khoa trong viéc day va hoc tdp mon hoc nay.

Sdch hwéng dan hoc tdp Pién tir twong tw bién soan phit hop véi chwong trinh mén
hoc Pién tir twong tw dd dwege phé duyét. N6 cung cdp cdc kién thirc co ban vé Diode,
LED, BJT, FET, Op - Amp, cac logi mach khuéch dai, mach dao dong, mach ngu(;n,
V.V

Tai liéu nay giup sinh vién co kha nang thuc hién, tinh toan, mo phong cdac mach dién
Pién tir twong tw trén cdc phan mém mé phong.

Tuy nhién, déy la lan ddau bién soan nén sé khong tranh khéi thiéu sét. Tdc gid mong
nhdn dwoe ¥ kién déng gop cia ban doc dé c6 mot san pham hoan thién hon trong lan

in an sau!

Moi gép y xin giri vé Khoa Ky thudt — Cong nghé, Trirong Pai Hoc Thii Dau Mét.

Tac gia
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Chwong 1: CHAT BAN DAN - DIODE

MUC TIEU CUA CHUONG

Trong chuong nay, chiing ta khao sat tinh chat ctia Diode, Diode zener, LED va hoat
dong cua chung. Ngoai ra, ing dung cua cac linh kién nay ciling dugc trinh bay trong

chuong nay.

Chuong nay con cung cap cac kién thirc co ban phuc vu cho cac chuong sau. Cho nén,
sinh vién phai thuc hi¢n lai dugc céc vi du va bai tap. Tur do, tu cho minh cac vi dy, bai

tap twong tu va giai chung dé ty kham pha tri thirc.

1.1. CHAT BAN DAN VA CAU TAO CHUNG CUA DIODE

1.1.1. Khai niém chit ban din va phan loai
1.1.1.1. Xét vé dién hoc, vat chat duoc chia thanh 3 loai

Céac chat hodc moi truong co chira cac hat mang dién tu do (electron, Ion™, Ion")

c6 kha ning dan dién duoc va goi 1a chat dan dién.

Céc chat hodc moi trudng khong chira hat mang dién tu do thi khong thé dan dién

duogc, ching 1a céac chat cach dién.

C6 nhiing vat chét trung gian giita 2 loai trén, binh thuong chiing khong co cac
hat mang dién tu do nén khong dan dién nhung khi nhan ning lugng kich thich tir
bén ngoai nhu nhiét do, anh sang thi mot s6 hat mang dién nhu electron bi but khoi
rang budc nguyén tir try thanh ty do va san sang tham gia dan dién. Nhiing chat
nhu vay goi 1a chat ban dan, c6 thé goi chiing 13 nhitng chat dan dién c6 diéu kién.

1.1.1.1. Ban din loai P va ban din loai N

Chét ban dan c6 chira nhitng hat mang dién tu do c6 dién tich (+) goi 12 ban dan
loai P (Positive: duong). Cac hat mang dién (+) tu do trong ban dan loai P thuong
1a cac 16 trong (16 trong 1a mot nguyén tir trung hoa bi mét electron nén tré thanh
Ion+).

Chat ban din co chira cic hat mang dién tu do c6 dién tich (—) (thuong 13 hat

electron) dugc goi 1a ban dan loai N.
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1.1.2. Nguyén ly cAu tao chung ciia Diode

Céc linh kién: Diode chinh luu, Diode Zener, cac Diode khéac no6i chung va cac
loai LED déu c¢6 nguyén 1y cdu tao chung 13 mot khdi ban dan loai P ghép véi mot

khéi ban dan loai N (xem hinh 1-1).

Anode @/H Cathode

[ P *E)o N ,

Hinh 1-1 Céu tao Diode
Khdi ban dan loai P chtra nhiéu 16 tréng mang dién (+) nén khi ghép véi khéi N
thi cac 18 trdng nay c6 xu hudng chuyén dong khuéch tan sang khdi N gy thiéu hut
dién tich (+) bén khdi P, trong khi d6 khdi P lai nhan thém céc e (-) tir khdi N chuyén

sang nén két qua 1a khdi P tich dién am (-).

Khéi N chira nhiéu e tu do nén khi ghép voi khéi P, cac e ty do co xu hudng
chuyén dong khuéch tan sang khdi P gay thiéu hut dién tich (-) bén khdi N, dong
thoi khdi N lai nhan thém cac 16 tréng mang dién (+) nén két qua 1a khdi N tich dién
().

O bién gi6i hai bén mit tiép giap, mot sd e (-) bi 16 tréng (+) thu hat va khi
chung tién lai gin nhau, ching c6 xu huéng két hop véi nhau tao thanh cac nguyén
tir trung hod, qué trinh nay ¢ thé giai phong ning lugng duéi dang anh sang va tuy
theo murc nang luong giai phong 14 cao hay thdp ma budc song dnh sang khic nhau

trc mau sac khac nhau.

Su tich dién (-) bén khéi P va (+) bén khéi N hinh thanh mot dién ap goi la dién
ap tiép xtic. Pién trudng sinh ra bai dién ap ndy c6 hudng tir N — P nén can tré
chuyén dong khuéch tan va nhu vay sau mot thoi gian ké tir lac ghép 2 khéi ban din
v6i nhau thi qué trinh chuyén dong khuéch tan chdm dut va ton tai dién ap tiép xuc,
lic nay ta noi tiép xtc P-N ¢ trang thai can bang. Dién ap tiép xtc ¢ trang thai can
bang khoang 0,6V ddi voi Diode 1am bang ban dan Si va khoang 0,3V ddi véi Diode

lam bang ban dan Ge.

10
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Hai bén mit tiép giap 1a ving cac e (-) va 10 trong (+) d& gap nhau nhat nén qua
trinh tai hop thuong xdy ra ¢ vung nay hinh thanh cac nguyén tir trung hoa. Vi vay
ving bién gidi ¢ hai bén mat tiép giap rat hiém cac hat dan ty do nén dugc goi 1a

vung ngheo.

Mat ghép

Anode i | . Cathode

—

Vung nghéo

Pién trudng tiép xuc

c6 husngty N —>P

ANANANANANANN
[
|
|
i
|
i

Hinh 1-2 Lép tiép gidp Diode

1.2. DIODE CHINH LUU

Diode chinh luu ¢6 cdu tao 13 mot mdi ndi P-N duoc ché tao chiu duge dién ap
nguoc cao va dong dién thuan 16n. Nhitng dic diém ché tao nay cho phép Diode 1am
viéc trong cac hé thong chinh luu dién xoay chiéu (AC) thanh dién mot chiéu (DC)
hi€u qua va tin cay.

1.2.1. Ky hiéu va dang thue té

Anode (A) ' | Cathode (K) A = ’ 1

Hinh 1-3 Ky hiéu Diode
1.2.2. Tinh chét ctia Diode

Diode chi din dién theo mot chiéu tir A — K. Theo nguyén 1y dong dién chi
chay tir noi c6 dién thé cao dén noi co6 dién thé thap thi muén c6 dong dién qua Diode
theo chiéu nay, ta phai dat & A mot dién thé cao hon ¢ K. Khi d6 ta c6 Uak > 0 va
nguoc chiéu véi dién ap tiép xtc. Nhu vay mubn c6 dong qua Diode thi dién truong
do Uak sinh ra phai manh hon dién trudng tiép xtc, ttc 1a Uak phai 16n hon Uy. Khi
d6 mot phan cua dién ap Uak ding dé can bang voi dién ap tiép xuc (khoang 0,6V);

phan con lai diing dé tao dong dién thuan qua Diode.

11
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Khi Uak > 0, ta noi rang Diode phan cyuc thuan va dong dién qua Diode luc do
goi 1a dong dién thuan (thuong duoc ky hiu 1a Ir tac Irorward hodc Ip tic Ipiode). DONg
dién thuan c6 chiéu tr A — K.

Khi Uak dd da can bang v6i dién ap tiép xuc thi Diode trd nén dan dién rat t6t
nghia 1a dién tr¢ cta Diode luc d6 rat thap (khoang vai chuc Q). Do vay phan dién ap
dé tao ra dong dién thuan thuong nho hon nhiéu so véi phan dién ap dung dé can
bang v6i Uw. Thong thuong phan dién 4p dung dé can bang voi Uy can khoang 0,6V
va phan dién 4p tao dong thuan khoang 0,1 dén 0,5V tuy theo dong thuan vai chuc
mA hay 16n dén vai A. Nhu vay gia tri ciia Uak di dé c6 dong qua Diode khoang
0,6V dén 1,1V. Ngudng 0,6V 1a ngudng Diode bat dau dan va khi Uak = 0,7V thi
dong qua Diode khoang vai chyc mA (xem dic tuyén Von-Ampe dién hinh cia

Diode).

Néu Diode con tdt thi n6 khong dan dién theo chiéu nguoc tr K — A. Thyc té
1a van tdn tai dong dién nguoc néu Diode bj phan cuc nguoc véi hiéu dién thé 16m.
Tuy nhién dong dién nguoc rat nhé (c& pA) va thuong khong quan tim trong cac Gmg
dung cong nghiép. Moi Diode chinh lvu déu khong dan dién theo chiéu ngugc nhung
néu dién dp nguoc qué 16n (> Var 1a ngudng chiu dung ctia Diode) thi Diode bi danh
thing, dong dién qua Diode ting nhanh va d6t chay Diode. Vi vay khi sir dung can
tuan thi 2 diéu kién sau day:

v/ Th 1: Dong dién thuan qua Diode khong duoc 16n hon gia tri téi da cho
phép (do nha san xuét cung cap, ta phai tra ciru trong cac tai lidu cta hing
SX dé xac dinh).

v Thu 2: Pién ap phan cuc ngugc (tuc Uka) khong duge 16n hon Ver (ngudng
danh thing ctia Diode, cling do nha san xuat cung cip).

Ngoai ra khi can thiét ké mach v&i do chinh xé4c cao, ta can tham khao thém dic

tuyén Von-Ampe ctia Diode va tin s6 hoat dong cho phép tir tai liéu tra ctru.
Vi du: Diode 1N4007 c6 thong s6 ki thuat do hing san xuat cung cip nhu sau:
Var = 1000V, Ipmax = 1A; Vi = 1,1V khi Ir = Ifmax.

Nhiing thong sb trén cho biét:

12
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v’ Dong dién thudn qua Diode khong dwoc lon hon 1A.

v’ Bién dp nguoc cuc dai dat 1én Diode khong dwgc 16n hon 1000V,

Pién ap thuan (tirc Uak) co thé ting dén 1,1V néu dong dién thuan bang 1A. Ciing

can luu y rang d6i véi cac Diode chinh luu néi chung thi khi Uax = 0,6V thi Diode

d3 bat dau dan va khi Uak = 0,7V thi dong qua Diode da dat dén vai chuc mA.

1.2.3. Pic tuyén Von-Ampe ciia Diode

Pic tuyén Von-Ampe cta Diode 13 d6 thi mo ta quan hé giita dong dién qua Diode

theo dién ap Uak dit vao Diode. C6 thé chia ddc tuyén nay thanh 2 doan:

v Poan ng vdi Uak > 0 mo ta quan hé dong-ap khi Diode phéan cuc thuén.

v" Poan ng v4i Uak < 0 mé ta quan hé dong-ap khi Diode phan cuc nghich.

A
ID
vdi chuc mA }-------------
VBR UAK
/: Oov >
0,7v
Pién ap
ddanh
thiing @ @

Poan phdan cuc nghich
;N;
A K

Péc tuyén Vén-Ampe

Poan phan cuc thuén
+ ' I -
A K
(@ Phan cuc thuan: chua dén
@ Phan cuc thuan: dén

dién hinh cla Diode

Hinh 1-4 Pdc tuyén Diode

Khi Diode dugc phan cuc thuan va dan dién thi dong dién chu yéu phu thudc vao

dién trd ciia mach ngoai (duoc mac ndi tiep vdi Diode). Dong dién phu thudc rat it

13
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vao dién tr¢ thuadn cua Diode vi dién trd thuan rat nhd, thuong khong dang ke so véi

dién trd cua mach dién.
Vi du : Mot thi nghiém dugc thuc hién véi mach dién nhu hinh 1-5
Khi khod K & vi tri 1. Ampeké chi 9,33mA; Von ké chi 0,67V.

Khi chuyén khoa K sang vi tri 2, chi sb trén Ampeké 1 92,8mA, chi s6 trén Von
ké1a 0,72V.

. § R1 § R2
1oy — 1000Q2 100Q

Hinh 1-5 Hoat dong Diode

Qua thi nghiém trén ta nhan thay khi thay d6i khoa K tir vi tri 1 sang vi tri 2,
dién tr& mic ndi tiép voi Diode giam 10 1an va dong dién qua Diode ting 1én gan 10
1an (thyc té 13 9,946 1an) trong khi d6 dién ap Uak bién ting rat it (tir 0,67V — 0,72V;
tang 0,05V). Nhu vay cho thdy khi Diode di din dién thi dong dién qua Diode chu
yéu phu thudc vao mach ngoai con ban than Diode anh huong rét it. Pién ap trén
Diode khi dan dién thuan thuong liy trung binh khoang 0,7V néu dong dién qua
Diode < 100mA. Néu gia tri 0,7V 1a kha nho so voi mot dién ap dang xét thi co thé

b6 qua va xem nhu khong c6 sut ap trén Diode (ltc d6 ta ndi rang Diode 14 Iy tuong).

L AU D e . . .
Gia tri: |lp = TAK duoc goi la dién tré dong cuia Diode khi phan cuc thuén, gia
D

tri ndy thuong rat nho (c¢& vai chuc Q). rp chinh 14 dién trd ctia ban than Diode khi
phan cuc thuan. Tu Kkét qua thi nghiém & trén, ta xac dinh duogc dién tr¢ dong cua

Diode dung trong thi nghi¢m la:

14
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AU, 072-067

[~ = = = 5,999
P A, 8347.10°

1.2.4. Phuwong phap xét va tinh toian dong dién qua Diode

Trudce khi mudn tinh dong dién qua Diode, ta can phai xét xem Diode c6 din
dién hay khong. Pé xac dinh diéu ndy ta can phai cin ¢t va xu hudng chay cua dong
dién va gia tri cua dién 4p dat 1én doan mach chira Diode.

Budc mdt: Dya vao quy luat 1a dong dién chay tir noi c6 dién thé cao dén noi co
dién thé thap hon va Diode chi din dién theo chiéu tir A — K dé xét xem Diode
c¢6 kha ning din dién hay khong? (diéu kién 1).

Budc hai: Khi thoa diéu kién 1 thi can xét xem dién ap dat 1én doan mach chura
Diode (néu Diode mic ndi tiép véi dién trd) hoac dién ap dat 1én Diode (néu doan
mach chi chira Diode) c6 dii 16n dé thing dugc dién ap tiép xuc ctia ban than Diode
hay khong? (diéu kién 2). Bi¢n &p dat 1én doan mach chira Diode (hodc truc tiép
1én Diode) phai c6 gia tri tir 0,6V trd 1€n thi mdi c6 dong qua Diode.

Khi thod man dong thoi ca 2 diéu kién I va 2 thi méi c6 dong qua Diode.

Pé minh hoa cach xét nay, ta xem céc hinh v& a); b); ¢) va d) sau day:

Yo
%ZU

Hinh ¢) Hinh d)
Hinh 1-6 Hoat dong Diode

O mach hinh a), khong c6 dong qua Diode do khong thoa diéu kién 1.

O mach hinh b), c¢6 dong qua Diode do thoa dong thoi ca 2 diéu kién 1 va 2.

15
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O mach hinh c), khong c6 dong qua Diode do khong thoa diéu kién 2, ngudn phai

co gia tri tr 1,2V trd 1én mai c6 dong qua Diode.

O mach hinh d), Diode D din nhung D> ngung dan vi khi D1 din thi sut Uak ctia

Di khoang 0,7V; do d6 dién ép tai b khoang 4,3V (so vdi cuc — cua nguén) va dién

ap Uak ctia D 1a Uak(D2) = Uab = 0,2 khong du dé D, dan (khong thoa diéu kién

2).

1.2.4.1. Tinh toan dong dién qua Diode

Khi tinh toédn dong dién qua Diode, can can ¢t vao mach thuc té dé xét va ap dung
mot gia thiét gin ding la dién ap Uak ~ 0,7V khi Diode dan thuan. Dong dién qua
Diode c6 thé 12 dong DC (mét chiéu) hodc AC (xoay chiéu); d6i khi dong qua Diode
1a téng hop céc thanh phan DC va AC.

Néu dong qua Diode 1a DC (c6 gia tri khong d6i) thi chi can xéac dinh gi tri cia
dong dién nay.

Néu dong qua Diode 1a AC hoic phirc hop (DC + AC) thi phai xac dinh db thi cua
dong dién theo thoi gian va dua vao do thi, ap dung phuong phap tich phan dé tinh
cac gia tri trung binh hodc hiéu dung (13 nhimng 1 gia tri cAn quan tim nhat).

Gia st ta c6 mach di¢n nhu hinh 1-7a) va 1-7b) cho sau day. Trong truong hop

hinh a), dién 4p nguodn tic dong 1én nhanh mach 1a 4p DC nén dong qua Diode ciing
1a dong DC (c6 gia tri khong d6i), ta chi can tinh gia tri dong dién nay. Tuy nhién
trudng hop mach hinh b), Diode chi dan dién khi dién p sin c6 gid tri > 0,6V va hoan
toan ngung dan trong giai doan con lai. Trudng hop nay do thi cia dong dién qua
Diode c6 dang nhu hinh ¢) va ta thuong phai tinh tri trung binh va tri hi€u dung cua

no.
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0,7v D
+ N » N
Ir i ’t 1
, Wl .
R @ 2sint (V) ig R
200 d =< 200
Hinh a) Hinh b)
P
08V E 30ﬁv
@ L \& 2 t
oV < — >
Hinh ¢)
Chuky T

Hinh 1-7 Dong dién qua Diode

V61 mach hinh 1-7a) ta co:

o =1 :%:%:om%:émA

V61 mach hinh 1-7b) ta co6:

Dong trung binh qua Diode (Ip-average) 1a:

dT:

] 1 L 1 %0 2sint-07
oy = —— [t = [ D g 1 72ont=07
o = g J I = [ R 2] T

1 _
=——(2cost+0,7H"
4075( * >‘“

Khit= o ta co 2sint = 0,6V = o = arcsin0,3 = 17,46° = 0,3rad

Do d6 tinh duoc:
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at

T Fu,(M 1 t2sint
dt =
R 5]

1%,
ey :Z?(n.cﬁzﬂg 5

0

— 1 (cost; =3183.10° A = 31.83mA
205 e

-l —a
lpav = ~ 10 (2cost+0,71) " =

= —ﬁ [2cosq—0.3)-2c0s0.3+0,7(r—0,3-0,3)]
Bls
=1625.10°A=1625mA
Néu coi Diode 1a 1y tuéng tic 12 xem nhu Diode dan dién ngay khi duoc phan

cuc thudn (goc a xem nhu bang 0) thi:

1 1 uh L, 1 E2sint
logy = - [ihat = 1[9BT p2sint
oy = 5 [ I = o [ 22) 20

0

at

0

__ ! (costyr =3183.10°A = 31.83mA
cp e o A A ans 207 reoor ° . ; .
Gia tri nay gan gap doi so vdi tinh toan chinh xac.

Bay gio gia sir ngudn dién ap sin tang 1én 10 1an tirc 1a 20sint thi khi d6 goc a
s€ giam. Truong hop nay ta ¢d 20sint = 0,6 khi o = arcsin(0,03) ~ 1,72° = 0,03(rad).

Trudng hop nay néu tinh chinh xac ta co:

[ = L(QOCOSHOJT)

Dav - 401_[

=— % [20cos(n —0,03) -20c0s0,03 + 0,7(x - 0,03 - 0,03)]=
TC

0o
o

=293,64.10° A = 293,64mA.
Néu tinh gan dung (coi Diode 13 1y tudng) ta co:
1 J-uR(’r) ot 1 J-2Osm’r

1
ooy = —— [I(D.dt = _ !
oo = 5 1D 271720

at
2n

0 0

— - (CosP[; =3183,10°A = 3183mA.

, T
Ta nhan thay dong cao hon so v6i tinh chinh xac 1a 8,4%.

1.2.5. Nhan xét chung

Khi dién ap nguodn sin co gia tri 16n hon nhiéu 1an so vai sut ap 0,7V trén Diode
thi két qua tinh gan dung cang gan véi két qua tinh chinh xac. So sanh hai truong hop
vura tinh trén day, ta c6 mot nhan xét nhu sau: Khi xem Diode 1a 1y tudng (bo qua sut
ap trén Diode) thi cac phép tinh trd nén don gian hon. Tuy nhién néu sut ap 0,7V trén
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Diode khong phai 1a nho so véi dién ap tac dong vao mach (nhu truong hop ngudn
2sint) thi khong thé xem Diode 1a Iy twong duoc vi sai sé mac phai liic d6 1a dang ké.
Chi khi nao dién ap tac dong vao mach cé gia tri 16n hon nhiéu lan sut ap trén Diode
thi mé&i ¢ thé xem Diode 1 1y tuong duge. Diéu nay con tuy thudc vao phép tinh c6
yéu cau chinh xac hay khong.
1.2.6. Cac thong sb ky thuit va phwong phap lwa chon Diode
1.2.6.1. Cac thong so k§ thuit cin quan tAm nhat khi chon Diode
Dong di¢én thuan trung binh qua Diode, ky hi¢u Ipay hodc Irav.
Dién ap nguoc cuc dai ma Diode con lam viéc duogc, tri $6 nay con dugc goi la
dién &p ngudng danh thung, ky hi¢u Vgr

Dong dién tirc thoi cho phép qua Diode trong thoi gian ngan, thudng cho phép
thoi gian ton tai khoang 10ms, ky hiéu 13 Isuree. Diode c6 thé chiu duoc dong dién Isurge
khoang vai chyc 1an dong dién trung binh cho phép qua Diode trong thoi gia dai. Vi
du Diode 1N4007 c6 thé chiu dugc dong dién 1én dén 30A trong thoi gian vai ms
trong khi dong trung binh dai han cho phép qua Diode nay 1a 1A.

1.2.6.2. Tinh toan chon Diode
Khi muén chon mot Diode, t6i thiéu phai theo quy trinh sau:
Tinh dong dién trung binh qua Diode trong qua trinh lam viéc.
Tinh dién 4p nguoc cuc dai co thé xay ra khi Diode 1am viéc.

Chon Diode chiu dugc dong di¢n trung binh va di¢n ap nguoc 16n hon gia

trj tinh toan (cang 16n cang t6t néu gia thanh khong qua cao).

1.3. DIODE ZENER

Diode Zener c6 ciu tao 1a mot mdi ndi P-N nhung dugc ché tao bi’mg vat liéu co
kha nang toa nhiét tdt. Khi duoc phan cuc thudn, Diode Zener hoat dong giéng Diode
thuong. Tuy nhién cac Diode Zener chu yéu duoc dung ¢ ché do phan cuc nguoc vi
c6 kha nang duy tri dién 4p giita hai cyc ctia Diode khong d6i khi dong dién nguoc

qua Diode c6 gia tri nam trong khoang cho phép.
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Hinh 1-8 Ky hiéu Zener
1.3.1. Tinh chit ciia Diode Zener & ché d phéan cuc nghich

Khi Diode Zener & ché do phan cuc nghich, dién truong do dién ap gitra 2 dau
Diode tao ra cung chiéu vdi dién ap tiép xtic lam nd rdng viung ngheéo va ngan can

dong dién qua Diode (Diode khong dan dién).

Tuy nhién khi dién 4p nguoc dat dén mot gia tri t&1 han goi 1a dién ap Zener thi
mdt qua trinh dic biét xdy ra tai ving nghéo goi 1a hiéu tmg Zener 1am pha v& ciu
triic cia vung ngheo va dong dién nguoc qua Diode tang dot ngdt trong khi dién ap
gita hai ddu Diode gan nhu khong d6i. Hiéu ing Zener xdy ra nhu sau: khi dién ap
nguogc lon, luc dién truong tang manh lam tang van tde cla nhitng electron tu do dén
mirc dong niang cta ching du 16n dé cé thé 1lam bit ra cac electron dang ¢ trang thai
lién két ciia cac nguyén tir trung hoa tai ving nghéo khi e va cham véi nguyén tir. Khi
c6 1 e bi bt ra thi ddng thoi mot 16 trong hinh thanh va nhu vy xuét hién thém mot
cap hat dan tu do. Electron vira méi giai phong lai chuyén dong theo phuwong dién
truong va va dap véi cac nguyén tir khac lam giai phong cdp e va 15 tréng méi. Trong
mot thoi gian rat ngén, $6 lugng hat dan tu do tai vung nghéo tang 1én rat nhanh va

ching chuyén dong theo hudng dién truong tao thanh dong dién ngugc qua Diode.

Dic tuyén Von-Ampere ctia Diode Zener thé hién quan hé giira dién 4p giita hai

dau Diode va dong dién I qua Diode nhu hinh 1-9.
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Diode Zener c6 kha nang chiu dugc dong dién nguoc tdi da tir vai chuc dén vai
trim mA tuy theo cong suit danh dinh (14 cong suit max cho phép) ciia no, thong sb
nay do nha san xuét cung cap. Gia tri dong dién nguoc ti da duoc xac dinh tir giao
diém cua duong dic tuyén cong suat P,m = L.V, = Const (hang sd) v6i duong dic

tuyén Von-Ampe ctia Diode Zener.

- + vai chuc mA
A K

Poan phén cuc nghich

\_Iz UAL(

Poan ddc tuyén cho thay
dong ngudc qua Diode thay
déi nhung dién ap gilia hai
cuc clta Diode khéng ddi

/.

Pdc tuyén cdng sudt

|zmax

Poan phén cuc thuan

+ -
A'ﬂK

Hinh 1-9 Pdc tuyén Véon-Ampere ciia Diode Zener
P.m 13 cOng suét tidu thu t6i da cho phép ciia Diode Zener mang ma hiéu cu thé
nao d6 do nha san xuat cung cap.

V., 1a ngudng danh thung ctia Diode Zener khi phan cuc nguoc, day cling 1a gia

tri dién ap gitra hai dau Diode khi n6 dan dién nguoc (dong dién tir K sang A).

Dong Im 1a dong tdi da cho phép qua Diode, xac dinh theo cong thirc:
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1.3.2. Phuong phap xac dinh I, U va cong suit tiéu thu trén Diode Zener

Trudc nhat can xem xét cyc tinh cua dién &p cung cap cho doan mach chira

Diode xem dong dién c¢6 kha ning chay theo chiéu thuan hay nghich.

Néu dong chay theo chiéu thuan (chiéu tir A — K) ttc 1a Diode din dién thuan
thi dic tinh cia né giéng Diode thudng tirc 13 dién ap Uax khi d6 khoang 0,7V va
diéu nay chi dung néu dién ap cung cip cho doan mach cé gia tri > 0,7V.

Néu dong chay theo chiéu nghich (chiéu tir K — A) tirc 1a Diode dan dién
nghich thi dién ap giita 2 cuc ctia Diode lac d6 x4p xi bang V. va diéu nay chi dung
néu dién ap cung cip cho doan mach c6 gia tri > V.. Do nhiing dic tinh néu trén,

ta c6 thé str dung hai mé hinh gan dting sau day dé tinh toan cac thong s6 lién quan.

1.3.2.1. Dong dién thuan qua Diode Zener

Hinh 1-10 M6 hinh Zener phdn cuc thudn

I =

UABT—O] v6i Uag = 0,7V

Ir=0, v6i 0<Uas <0,7V
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1.3.2.2. Dong dién nguoc qua Diode Zener

Hinh 1-11 M6 hinh Zener phdn cuc nguoc

O Iz=%, v6oi Upg >V,

0 I1,=0, v61 0 <Uas <V,
1.3.2.3. Cong sut tiéu thu trén Diode khi van hanh
P = Ir.Uak néu Diode dan dién thuin
P = L.V, néu Diode dan dién nguoc.
1.3.3. Mt s6 mach rng dung Diode Zener va phwong phap tinh

Diode Zener chu yéu dugc tng dung ¢ ché do phan cuc nguoc nham muc dich
tao mot di€n ap on dinh gitra 2 cuc cua Diode va dung dién ap nay nhu mot nguén on
ap. Trong trudng hop nay tai duge méc giita 2 cuc ciia Diode va dién ap trén tai lac
d6 6n dinh bang V. Tuy nhién diéu nay chi dat duoc khi dong dién ngugce qua Diode
1a I, phai thoa diéu kién: Lumin < I <Imm (Izmin, khoang vai mA, l1a dong di¢n ngugc tbi
thiéu dé c6 dién ap giira cuc Diode 6n dinh va L 13 dong dién nguoc t6i da cho phép).
Trong cac tmg dung dong dién I, thuong duoc chon < ¥ Lm dé dam bao Diode van

hanh an toan. Sau day ta xét mot sd trudng hop tng dung dién hinh ctia Diode Zener.

1.3.3.1. Mach 6n ap ding Diode Zener
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Hinh 1-12 On dp ding Zener

lin R lout

lzm = Pzm/Vz

lout

lout + Iz

lin

Iz

lzmin (2mA)1
0

V61 mach 6n 4p loai nay, luén can c6 mét dicu kién ti€n quyet 1a dién ap Ui, phai

16n hon V,, néu khong thoa diéu kién nay thi Diode Zener khong din va mach

khong lam viéc.
Khi c6 Ui >V, Diode Zener dan dién ngugc va co:
Iin = I + Lout
Dién ap gitra hai cuc cua D, 1a Uow =V, do do:

I, = % , R c6 nhiém vu han dong va ciing 1 phan tir diéu chinh ap.
Néu Ui, khong d6i thi Iin khong d6i va nhu vay theo quan hé Iin = I, + Lo ta nhan
thdy néu Loy giam thi I, ting va nguoc lai; dac biét 1a khi tai R — oo (trudng hop
khong tai) thi Iow — 0 dan dén 1, dat cuc dai, lac nay Diode Zener néng nhét va
néu dong cuc dai > L thi Diode Zener bj hong. Thong thudng trong céc thiét ké

nguoi ta chon R sao cho (dong cuc dai qua D,) = x%lum v6i x% tuy chon theo quan

diém an toan cta nguoi thiét ké mach (x% < 100%). Bdi vi dong qua D, dat cuc
dai khi khong tai nén R dugc tinh toan véi diéu kién ngd ra khong tai. Gia tri R
tinh dugc theo diéu kién nay la gid tri tbi thiéu cho phép, thuc té ta co thé chon

theo tiéu chuan va cao hon gia tri tinh.

Tinh Rmin theo cong thirc:

Uu,-V

_¥in_ V;

min
X°/olzm

R (x% duoc chon theo quan diém an toan).
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Xéc dinh gia tri dong tai max hodc min
Dong tai trong truong hop ndy 1a dong Iow, n6 chi dugc phép lay gia tri cuc dai nho
hon dong Iix it nhat tir 1 dén 2mA, phan dong dién 1 dén 2mA nay la dong dién t6i

thiéu qua D, theo chiéu nguoc dé duy tri dién ap Uow giita hai cuc ctia Diode khong

d6i. Nhu vay ta co:

u -V
louf(mox) = lin -2mA =" R 2 - 2mA
néu ta chon Lmin = 2mA. U \V/
R _ out  _ z
i i tmin — | - |
Néu Xét dén téi thi Iout(max) ﬁng Véi outmax) ouftma)

Vi du: Hay tinh toan mach 6n ap dé cung cap cho tai R, biét dién ap trén tai can
phai 6n dinh ¢ mirc 6,8V; cho biét dién ap Ui, = 10V. Tinh toan gié tri tdi thiéu
cua tai R;.

Giai.:

Truéc nhét ta chon Diode Zener loai ¢6 V. = 6,8V. Diode loai nay trén thi truong
¢4 nhiéu cép cong suét khac nhau: 0,25W; 0,5W; 1W; 2W... Gia st ta chon loai c6
cong suat Pom = 1W.

Tinh dién tré R han dong theo diéu kién khéng tdi, ta cé:

u -v, . T e C A s .
= ":’/I 2 _ néu chon x% = 50% trc 1a dong dién tdi da c6 thé c6 qua Diode
Xl

min

Zener chi bang 50% dong cuc dai cho phép thi:
U, -V, Uy -V, 10-68
T B0%I B 1

P
5. zm 0157
05 V 68

z

= 43,520

Chon R theo bang gia tri chuan c6 san xuat, ta chon R = 47Q > Ryin.

Tinh gid tri téi thiéu cho phép ciia tdi R::

Ta c6 dong tai t6i da cho phép la:

losony = —2mA = In = Ve oma 10-68 5405 g 0e6A - 66mA
V 6,8
R in — z = d = ]OSQ
- mn louKmox) 0'066
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Mach 6n 4p dung Diode Zener c6 han ché 13 kha ning cung cip dong tai nho,

néu mudn cung cap dong tai 16n thi doi héi Diode Zener cling phai c6 cong suat 16n,

van dé nay thudng gip kho khan. Vi vay mach 6n ap dung diode Zener chi dugc dung

trong mot so truong hop dong tai nho hodc khong can dong tai, trong cac chuong sau

trong gido trinh nay ta s€ khdo sat k¥ hon ve van dé nay.

1.3.3.2. Mach xén dinh dung Diode Zener

R
o AM— o
H 470 H
Dzl
51V
Uin Uout
Dz2
_ 5,1V !
O QO
;I_;
=0

Hinh 1-13 Nguyén ly mach xén dung Zener

Uout

Oré——+ 0O

Mo

Uout

Oré——+ 0O

Hinh 1-14 Dong dién trong mach xén ban ky (+) va (-)
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10V 1—

SV

ov 1=

-5V

-10V-
time

Hinh 1-15 Gidn do thoi gian mé ta quan hé giita U va Uy
Nguyén ly lam viéc:

Trong ban ky (+), khi dién 4p Ui du 16n ta c6 Diode D, dan dién thuan, dién
ap trén Diode nay 1a 0,7V; Diode D, dan dién nguoc, dién ap trén Diode nay
bang V,» = 5,1V; Dién ap ra lic nay 1a U =0,7 + V.2 =0,7 + 5,1 =5,8V.

Trong ban ky (-), khi bién dién 4p Ui du 16n thi Diode D> dan thuan va dién
ap trén no 1a 0,7V; trong khi d¢6 Diode D, dan dién ngugc va 4p trén D, bang
V1 =5,1V. Dién 4p ra luc nay la: U =-Vau + (-0,7) =-5,1-0,7 =- 5,8V.

Trong cc khodng thoi gian dién 4p Ui c6 gia tri nho thi cac Diode khong dan
va khong c6 dong qua R nén cling khong cé sut ap trén R vi vay luc d6 Uewe = Uin.

Tom lai néu bién do cta tin hiéu vao 16n hon muc cho phép thi cac Diode Zener

dan dién va dién ap ra Uow luc d6 co gia tri xap xi bang + (Vz + 0,7V) 1am cho tin
hiéu bi cit bét ¢ phan dinh (+) va dinh (-). Viéc 1am nay nhim muc dich gi6i han bién
d6 cta tin hiéu can xir Iy & mot mirc nhét dinh.

1.4. LED (Light Emitting Diode)

LED (Light Emitting Diode — Diode phét quang) c6 c4u tao 1a mot mdi nbi  P-
N hoat dong theo nguyén tac khi dong dién thuan di qua mdi ndi ndy s& xdy ra qua
trinh tai hop giira electron ty do va cac 16 trong kém theo qua trinh giai phong ning

luong dudi dang anh sdng. Tuy theo muc nang lugng dugc giai phdong ma anh sang
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phat ra c6 budc song khac nhau. Anh sang LED phét ra c6 budc song c6 thé nam

trong ving hong ngoai (LED hdng ngaoi) hodc trong ving nhin thiy dugc (pho bién

la dd, cam, vang, xanh 14 cay, xanh da tro1). LED phat saing dugc dung 1am linh kién

quang béo, chiéu sang v.v. LED hong ngoai dung dé truyén tin hiéu qua cac bo ghép

quang (Opto-coupler), doc tin hiéu, truyén tin hiéu qua cap quang din v.v.

1.4.1. Hinh dang va ky hi¢u

|

¥

Hinh 1-16 Hinh dang va ky hiéu LED

1.4.2. Tinh chit cia LED

Gidng nhu Diode, LED chi dan dién theo mot chiéu tir A — K (chiéu thudn) va

khi xuat hién dong dién thuan (Ir) thi LED phat sang. Khi dong dién thuan qua LED

khoang 20mA thi LED dat d¢ sang binh thuong, ltic nay dién ap thuan Ur khoang vai

V tuy theo mau sic 4nh sang nhu bang 1.1

Bang 1.1
Loai LED Buéce Dién ap Ur khi
song anh dong qua LED
sang khoang 20mA
bo 650nm 1,6 > 1,8V
Cam 635nm 2V
Vang 585nm 2,2V
Xanh 14 cay 565nm 2,4V
Xanh da troi 470nm 3V
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Diém sdng binh
thudng clia LED

(Vai chuc mA) \

0 Ur
(VaiVv)
Hinh 1-17 Pdc tuyén ciia LED
Diéu quan trong khi diung LED 14 phai c6 mot dién tré méc ndi tiép véi LED.

1.4.3. Cach dung LED trong thuec té

(8]
> W LED LED1 LED1
- 3 - - -
IFvzomA § S LED2 LED2 S S
"""" ° " \ \ \

a) Dung 1 LED '

LEDn LEDN
R R R R
" ) ) )
|
- 20mA
b) Dung n LED c) Dung nhiéu nhém
ndi ti€p LED song song

Hinh 1-18 Cdach ding LED trong thuec té.
1.4.3.1. Tinh toan dién ap cung cp can thiét

Gi4 tri toi thiéu ciia dién ap cung cip cho nhém LED ndi tiép di sang la:
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Uee =Ur1 + U2 + .. + Upn,
V61 Ur;Ur2; Ua la dién &p thuan cta cac LED 1,2,....

Thong thuong U cao hon gia tri tdi thiéu nay va phai ding dién trd han dong
cho LED.

1.4.3.2. Tinh toan dién tré han dong

Trudng hop a)
R = Ucc _UF — Ucc _UF
| 20mA
Truong hgp hinh b) va c)
RoYee —WUn+Up+ +Ue) U —Up +Up +. + U

| 20mA

Mot tinh chat dang cha ¥ 1a LED chiu duoc dién 4p nguoc thap nén rat dé hu
hong néu bi phan cuc nguoc. Dé bao vé LED khéi bi hong do dién &p nguoc, nguoi
ta miac 1 Diode (loai thong thuong, vi du 1N4007) song song va ngugc chiéu véi
LED. Truong hop nay néu LED bi phan cyc nguoc thi Diode s& phan cuc thuan va
dién ap nguoc giita hai cyc ciia LED lac d6 khoang 0,7V nén LED an toan. Viéc mac
Diode bao vé LED c6 thé khong can thiét khi LED lam viéc voi dién mot chiéu nhung

bat budc khi LED lam viéc véi dién xoay chiéu.

Diode bao vé
LED khéi bi
héng khi bi phan

CITC NOITOC.

D
1N4007 D !\ ED
M

Hinh 1-19 Bdo vé LED bdng Diode

30



Sdach huong dén hoc tdp Dién tu tuong tu

1.5. UNG DUNG CUA DIODE

1.5.1. Nhiém vu ciia mach chinh lru va cac thong so co ban
Nhiém vu ctia mach chinh luu la chuyén doi dién ap xoay chiéu (AC) thanh dién
ap mot chiéu (DC) dé cung cip cho cac phu tai tiéu thy dién mot chidu nhu thiét bi
dién tir, cac loai RELAY DC, dong co DC v.v. Cau tric hé théng chinh luu mot pha

thuc té nhu sau:

Line N
Bi€n ap
(Transformer)
DN Mach chinh luu
2 H H (Rectifier)
Q
s ) A N A
£ \/ 1 pién DC
[ =
"g pién AC
5) - z
=2

Hinh 1-20 So do khoi ciia hé thong chinh liwu mét pha

Céc thong s co ban trong hé théng chinh luu mét pha gdm:
1. DBién ap trung binh (average voltage) trén tai: Upc
2. Dong dién trung binh (average current) qua tai: Ipc

3. Cong suit ctia thanh phan mot chiéu tiéu thu trén tai:
Ppc = Upc.Ipc
4. Dién &p hi¢u dung (Root Mean Square Value) trén tai: Ums

5. Dong dién hi¢u dung qua tai: Irms

6. Cong suét hiéu dung tiéu thy trén tai:
Pr= Urms-Irms

7. Hiéu suat ctia mach chinh luu: (Ratio of Rectification).
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8. Tri hiéu dung cta thanh phan dién 4p nhap nhé (gon séng) trén tai:

U = Uzrms - UZDC

r,rms

9. Hé sb nhap nho: (Ripple Factor).

10. Pién ap hiéu dung thir cap bién ap cap vao mach chinh luu: Uz

11. Dong dién hiéu dung thtr cAp may bién ap (dong hiéu dung qua cudn day
thir cap): I

12. Cong suat & thi cdp may bién ap cap vao mach chinh luu: P>

13. Heé sb st dung bién ap: (Transformer Utilization Factor).

PDC
P2

T.U.F =

14. Dong dién trung binh qua Diode: Ipav)

15. Pién ap nguoc tbi da dat 1én Diode khi mach hoat dong: (Peak Inverse
Voltage). Ky hiéu: PIV.

1.5.2. Chinh luu ban ky

1.5.2.1. So dd mach

AC 220V

0
Hinh 1-21 So d6 nguyén 1y mach chinh lweu ban ky

1.5.2.2. Nguyén ly hoat dong

Goi w2 1a dién 4p tuc thoi ¢ tha cap bién &p; w2 cé dang hinh sin, tan s6 f. u la

dién ap tic thoi trén tai R..
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Trong ban ky (+) cua dién ap thtr cip bién ap (dién ap w), dién thé tai diém a
duong hon dién thé tai b va Diode D phan cyc thudn. Khi chénh I¢ch dién thé gitra
a va b (tc 13 uwb hay u2) 16n hon 0,7V thi Diode dan dién va khi d6 ta co sut ap
trén Diode bang 0,7V dién ap trén tai luc d6 1a: ue = u2 — 0,7V (u, thap hon w
khoang 0,7V).

AC 220V P

Hinh 1-22 Nguyén ly hoat dong chinh luu ban ky (+)

Trong ban ky (-) ctia dién ap uz, dién thé tai a Am hon dién thé tai b, dong dién
khong thé chay tir b vé a dugc vi nguoc chiéu Diode (Diode khong dan dién theo
chiéu nguoc) vi vay khong co dong qua tai R, va dién ap trén tai 1a u, = 0. Trong
giai doan nay Diode ngung dan va né phai chiu mot dién ap nguoc c6 gia tri bang
Uba Vi dién 4p trén tai bang 0. Pién ap nguoc tic dong 1én Diode dat cuc dai khi
Upa dat cuc dai (xem hinh 1-24).

Trudng hop uz2 > 0, Diode duoc phan cuc thuan va dan dién, dién ap trén tai
xap xi bang dién ap thir cap bién ap (chinh xac 1a u; = uz — 0,7V).
Trudong hop uz < 0, Diode ngung dan va chiu dién 4p nguogc tic dong. Dong

qua tai bang 0 va dién 4p trén tai bang 0.

a

© 5 @ +
Ap ngugc
Ap uz

Hinh 1-23 Nguyén ly hoat dong chinh luu ban ky (-)

AC 220V
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1.5.2.3. Tinh toan céac thong s6 mach

Quan sat két qua phan tich mach bang PISPICE trén hinh 1-21 ta thiy: Trong
thoi gian dién ap sin ua c6 ban ky (+) thi dién ap trén tai c6 dang gan dung la ban ky
(+) cta dang sin nhung c6 bién d6 dinh thap hon bién d6 dinh cta vz khoang 0,7V
(day chinh 1a luong sut 4p trén Diode, chi ¥ 13 lugng ndy c6 thé ting dén 1V néu
dong tai ting dén hang Ampe). Nhu vay trong ban ky (+) ctia uz ta ¢6 thé viét phuong
trinh gin dung cua dién ap trén tai 1a: u = (Uam — 0,7).sinot v&i Uom 1a tri dinh cua

dién ap tha cap bién ap.

10V

--------------------------------------------------------------------------------------

Time

Hinh 1-24 Quan hé giiva dién ap thir cdp bién dp va dién dp trén tdi

Trong bdn ky dm ciia us, dién dp trén tai bang 0.
Toém lai ta ¢6 phuong trinh gan dtng cua uy la:
U = { (U2m-0,7).sinmt , trong ban ky (+) ctia uz, Uz 14 tri dinh cta w2
L=

0 , trong ban ky (-) cua u.
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T Time

Hinh 1-25 Dang song chinh luu ban ki
@ Tri trung binh cua dién ap trén tai:

Chinh 14 1ay phan dién tich tao bdi dd thi ctia u, trong mét chu ky dem chia
cho cho ky T.

T

1¢ 1(7 . = U
Upe = T-([uT'dT = ZU;UTW sin(w!).d(wt) +_£O.d(wf) =—m

Upe = 2™ ~0,318U,.| v6i Ui =Usn— 0,7V
T

Utm: Tri cuc dai hay tri dinh cia di¢n ap trén tai.
Uzm 1a tri cuc dai hay tri dinh cta dién ap thu cép may bién ap cép cho mach
chinh luu. U, =U,~/2 véi U 1a tri hiéu dung.
@ Tri trung binh cua dong dién qua tai:
Dong dién qua tai ddng dang voi dién ap trén tai do tai 1a thuan trd. Vi vay tri

trung binh cua dong di¢n qua tai trong trudng hop nay la:

| , L C s A . U
lpe =™ trong d6 Iim1a tri cyc dai ciia dong dién qua tai, I, = %
T t
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Uim

= lpe = —0F
TR,

® Cong suat DC trén tai (Ppc 14 cong suét caa thanh phan mot chiéu):

_Upm U _ U

Poc =Upcdpe = =
DC DC *'DC -
n R, w*R,

2
_ Ui

R,

PDC

@ Tri hiéu dung cua dién ap trén tai:

.I T ) -I b . . 27
Uy = /T ! u’.dt = \/2_75[! U,,’.sin? @).d(et) + j O.d(mt)J =

U,.” f U
= |=m_ [- 201).d(oh) = —m
\/4 .E( cos 2ot).d(ef) 2

U

® Tri hiéu dung cua dong dién qua tai:

Vi dang dong dién gidng dang dién 4p nén cach tinh gidng nhau

Dong hi¢u dung: |, = b , trong do: I, = Yim
2 R,
V)
| — _tm
= rms 2_R1

® Cong suat hidu dung trén tai:

u_ u U, 2

P=U | — 1m. 1m= tm

TooTmeTms T 2 "2R, T 4R,
2
ﬂzUm
4R,

U1m2
2
n=toc _m R _ 4 04053-4053%
PT Uim T
4R,
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n = 40,53%| chimg to cong suit ctia thanh phan DC chi chiém 40,53%.

Tri hiéu dung ctia thanh phan xoay chiéu trén tai:

Un) (YUm) In’-4 .
Ur,rms = Urms2 - U062 = \/[%) _[fj = Uim 7547 ~ 0,385U1m = 38,5 /°Uim

V)

= 38,5%U, |

r,rms

©® H¢ so gon song trén tai:

« _ Yums _ 03850

, _ m 121=121%
Uy, 0318V

tm

k, =121%| ching to thanh phan xoay chiéu trén tai cé gia tri cao hon thanh

phan mot chiéu, dién ap gon séng nhiéu. Luu y 13 trong trudng hop DC 1y tudng
thi thanh phan AC bang 0 va hé s6 k. = 0. Truong hop nay hé s6 gon séng trén tai

qua 16n ching to dién ap DC trén tai c6 chat luong kém.
1.5.2.4. Nhom cac thong s lién quan dén Diode va mdy bién ap (*)
@ Dong trung binh qua Diode:

Trong trudong hop chinh luu ban ky, dong dién qua Diode chinh 1a dong dién

qua tai nén dong trung binh qua Diode bang dong trung binh qua tai.

Uinm

IDcw = IDC =
TR,

@ Dién ap nguoc cuc dai tac dong 1én Diode trong qua trinh van hanh:

Nhu d3 phan tich trong phan nguyén Iy hoat dong cta mach, dién ap nguogc
cuc dai tac dong 1€n Diode trong trudong hop nay la: (Peak Inside out(In

Reverse order) Voltage)
PIV = U2m
® Dong hiéu dung thir cp may bién ap:

Dong chay trong cudn day thir cip may bién ap bang dong qua tai nén tri hiéu

dung ctia n6 bang tri hiéu dung ctia dong tai:
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Ui

|2:|rms=2R
b |

@ Pién ap hiéu dung thtr cap may bién ap:

Do dién 4p thir cap bién ap c6 dang sin nén tri hi¢u dung cua no la:

V)

_ ¥2m
U2_

V2

® Cong suat hidu dung & thtr cdp may bién ap cip cho mach chinh luu:

Uy (U, —07) U, 2

tm _ ~2m

V2 2R, V27 2R,  2J2R,

U2m2
P,~ 20
2J2R,

® HE¢ so s dung may bién ap:

U1m2
2
rup=Poe _ TR N2 00006 2g66%
P, 2m n
2VJ2.R,
T.UF ~ 28,66%]

Hé s6 st dung bién ap bang 28,66% co6 nghia 1 mach chinh luu ban ky chi
chuyén dbi duoc 28,66% cong sudt ma no nhan dugc tir thir cip may bién ap thanh
cong suat DC trén tai. Néu may bién ap cip cho mach chinh luu 100W thi chi cudi
cung trén tai chi nhan dugc 28,66W la cong suat DC, diéu do chung té chinh luu
ban ky c6 chét lugng rat kém.

1.5.2.5. Vi du vé tinh toan cac thong s6 trong mach chinh luu ban ky
Cho mach chinh luu ban ky véi cac thong s6 ban dau la: U, = 12V; R, = 50Q. Hay
xac dinh dién 4p trung binh trén tai, dong trung binh qua tai, cong suat DC nhan
dugc trén tai, cong sut hiéu dung & thir cap bién 4p cap vao mach chinh luu va hé

sO sir dung bién ap.

Giai:
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Trudc nhat ta c6 dién ap hiéu dung & thtr cap bién ap 1a Ur = 12V
= Tri dinh: U,,, = U,+/2 =122 ~ 16,97V

= Tri dinh cua dién ap trén tai 1a: Uy = Um — 0,7 = 16,27V
% Dién ap trung binh trén tai la:

U, 1627
U, =—m_"2%7 518V
" x 314

% Dong dién trung binh qua tai la:

l,e = Ooc — 518 _51036A =103,6mA
R, _ 50

% Dong dién hiéu dung qua cudn thir cap bang dong hiéu dung qua tai:

=~ 0,1627A =162,7mA

L —l - VYm _1627
27 ™ T 2R, 250

% Cong suat DC nhan duoc trén tai la:
Ppc = Upc.Inc = 5,28.0,1036 = 0,547W

& Cong suét hiéu dung & thir cap bién ap cap cho mach chinh luu:
P2 =U,.1> =12.0,1627 = 1,952W

% Heé s6 st dung bién ap la:

TUF=Poc _ 0547 400 oo,
P, 1952
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1.5.3. Chinh luu toan ky dung 2 Diode v6i bién dp cé diém giira

1.5.3.1. So dd mach

D1
N "
L
+
Rt \I/Ut FAAY
-0
N
A
D2

AC 220V

Ap ngudc

N
1

TN

Hinh 1-27 Hoat dong cua mach trong badn ky (+) cua u:
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-%-- D1
a

N ~
O—<® (¥ A
Ap ngucc !
Rt E\I/Ut_ N
< el
AC 220V p—

-0

...... @ ------N-------------------------------¢’

-10v
, , Time
Hinh 1-29 Quan hé gitra dién dp u> o thur cap bién dap va dién dp u; trén tdi.

1.5.3.2. Nguyén ly hoat dong ctia mach

Trudc khi phan tich hoat dong ctia mach, ta xét hoat dong cua bién ap thir cap
c6 diém gitra; d6 14 bién ap ma bd day quan tht cap co thé chia thanh hai cudn c6 sb
vong day bang nhau dan dén dién 4p trén hai ddu mdi cudn 13 nhu nhau. Piém gitra
1a diém ndi chung gilra cudi cudn thtr nhat véi dau cudn tht hai hodc nguoc lai. Néu
ta ndi mass diém gitra tic 13 coi diém giita nhur mot diém chudn cé dién thé bang 0
thi dién thé trén hai dau con lai cta hai cuén day s€ nguoc pha nhau (xem dd thi hinh
1-26). Vi mach chinh luu toan ky ding 2 Diode thi nhat thiét can c6 mot bién ap thir
cap co6 diém gitra va diém giita dugc ndi mass, khi d6 dién ap u» ma ta sé& dung dé tinh

toan trong cac phép tinh sau day duoc hiéu 1a dién ap trén mot cudn day.
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Uan Ubn

ov

AC 220V

Hinh 1-30 Bién dp c6 diém giita va dién dp tai cic dau a,b so véi diém giita n.

Xét mach chinh luyu toan ky c6 so d6 nguyén 1y trén hinh 1-26. Khi dién ap uz c6
ban ky (+), dién thé tai diém a c6 gia trj (+) va dién thé tai b c6 gia tri (-) so véi diém
chuan n. Theo nguyén ly dong dién s& chay tir noi c6 dién thé cao (diém a) qua Diode
D1, qua tai R; dén noi c6 dién thé thap hon (diém n). Nhanh mach con lai khong dan
dién vi Diode D2 bi phan cuc ngugc. Nhu vay trong subt ban ky (+) cta uy, chi c6 D;
dan dién va D> ngung dén, trong giai doan nay trong cudn an c6 dong dién (xem chiéu
dong dién ¢ hinh 1-27). Dién ap trén tai trong giai doan ndy c6 dang gan gidng uan (tirc
u2) nhung bién d6 dinh thap hon Uam khoang 0,7V do sut ap trén Diode D;. Phuong trinh
gan dung cua uc 13: u= (Uam — 0,7).sin(mt) véi 0 <ot <.

Khi dién ap u2 c6 ban ky (-), dién thé tai diém a co gia tri (-) va dién thé tai b co
gid tri (+) so voi diém chuan n. Trong giai doan nay dong dién s& chay tir diém b qua
Diode D2, qua tai Rt dén diém n. Nhanh mach con lai khong dan dién vi Diode D1 bi
phan cuc nguoc. Nhu vdy trong sudt ban ky (-) cta u2, Diode D2 dan dién va D1 ngung
dan, trong giai doan nay trong cudn bn c¢6 dong dién (xem chiéu dong dién ¢ hinh 1-28).
Pién ap trén tai trong giai doan nay c6 dang gan gidng ubn (tirc -u2) nhung bién d6 dinh
thap hon U2m khoang 0,7V do sut ap trén Diode D2. Phuong trinh gin diing ctia ut la:
ut = -(U2m — 0,7).sin(wt) véi © <ot <2m.

Tom lai ta ¢6 phuong trinh gin diing cta dién ap trén tai Rt 1a:
. { (Uam — 0,7).sin(ot) véi 0 <ot<mx
=

-(Uom — 0,7).sin(wt) voi T <omt<2rm

42



Sdach hwong dén hoc tap Dién twr tuong tu

D6 thi dién ap trén tai va quan hé ctia n6 so véi dién ap thir cap bién ap (xem hinh
1-31). Dién &p trén tai chi cé gia tri (+) tirc 1a dong dién qua tai R, 1a mdt chiéu.

u = (2 —0,7).sin(et)

U2 / u'“(uzm—OJ)-Sid(m‘t)/

Hinh 1-31 Dang song dién ap trén tai

1.5.3.3. Tinh toan cac thong sé co ban

@ Tri trung binh cua dién ap trén tai:

V4 V4 2z ) 2U
U, =+ [u,.dt = i( [U,, sin(@).d(e)+ [U, .sm(a)t).d(a)t)J ==
0 T

2V, _ 0,636U,,,| voi Um=Um—0,7V

T

UDC =

7] Uum: Tri cuc dai hay tri dinh ctia dién &p trén tai.
[ Uam 12 tri cuc dai hay tri dinh cua dién ap tht cap may bién ap cip
cho mach chinh lvu. U, =U,.+/2 véi U; 1a tri hidu dung.
@ Tri trung binh cua dong dién qua tai:
Dong dién qua tai ddng dang véi dién ap trén tai do tai 13 thudn tré. Vi vay tri trung

binh cua dong dién qua tai trong truong hop nay la:

2| . DL A ,. U
Ipe = f trong do Iium 12 tri cuc dai cua dong dién qua tai, I, = f
t
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® Cong suat DC trén tai (PDC la cong suat ctia thanh phan mot chiéu):

2U, 2U,, 4U,.?
PDC=UDC'IDC= ni 'né =7521R
bl | el |

4U, *

P = tm

°¢ " n?R,

@ Tri hiéu dung cua dién ap trén tai:

'| T 'I n . 27 .
U, = /? ! u,2.dt = \/2_75[ ! U, 2.sin?(ob).d(eh) + j <—U,m>2.sm2<@t>.d<@nj

U 2 21'2 U
= [—m_ | (1-cos20t).d(ot) = —m
\/ 4r '([ V2

® Tri hi¢u dung cua dong dién qua tai:
Vi dang dong dién gidng dang dién 4p nén cach tinh gidng nhau

. I U
Dong hiéu dung: | . =-2 | trong d6: I, =—m™
g hieu dung: 1 \/E g tm R,

=l = Ui

rms \/ERt

® Cong suét hiéu dung trén tai:

_ Utm Utm _ Utm2

P = Urms'lrms - - -
! J2 'J2.R, 2R,
2
p — Y
2R,

4u,.’
2
n= PDC _ T -R21 _%z 0,8] =81%
P; U,, T
2R,
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n = 81%| ching to cong suat ctia thanh phan DC chiém 81%, gap doi truong

hop chinh luvu mét ban ky.

Tri hiéu dung ctia thanh phan xoay chiéu trén tai:

_ 2 2 _ Uim ’ 2U1m 2_ n2_8N _ o
Ur,rms - Urms - UDC - \/(ﬁ) _(T - Uim 2—7_:2 ~ 0!308U1m = 30s8 /°U1m

rms = 30,8%U, | nh6 hon truong hop chinh luu mot ban ky (38,5%Uim).

V)

@ Heé sb gon song trén tai:

o _ Yems _0,308U,
‘" U, 0,636U,,

~ 0,484 = 48,4%

k, = 48,4%| nho hon nhiéu so véi truong hop chinh luu ban ky (121%). Tuy

nhién hé s6 gon séng nay van con kha 1én chirng té dién 4p trén tai c6 do nhap nho

kha cao.
1.5.3.4. Nhom cac thong sb lién quan dén Diode va mdy bién ap (*)
@ Dong trung binh qua Diode:

Vi hai Diode thay phién nhau lam viéc nén dong dién trung binh qua mdi

Diode bang phan nira dong trung binh qua tai.

@ Dién ap nguoc cuc dai tac dong 1én Diode trong qua trinh van hanh:

Xem lai hoat dong cua mach trong ban ky (+) cua u, nhu mo ta ¢ hinh 1-27;
khi d6 D; dan dién va D, ngung dan, ban than D> chiu mét dién ap nguoc tac
dong co gia tri xap xi bang hiéu dién thé .. Hiéu dién thé nay dat cuc dai
khi dién thé tai a dat cuc dai (Uamax = Uam) va dién thé tai b dat cuc tiéu (Ubmin
= -Uam). Dién &p nguoc cuc dai trén Diode D> la: PIV = 2Un. Tuong ty nhu
vay trong ban ky (-) ctia uz, Diode D1 ngung dan va D, din. Lic nay Dy bi
phan cuc nguoc va dién dp nguoc cuc dai trén Dy ciing xap xi bang 2Uam

(xem d6 thi dién ap Uak trén Diode D1 & hinh 1-28). Tém lai v&i mach chinh
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luu toan ky dung 2 Diode ta c¢6 dién ap nguoc cuc dai tac dong lén Diode

trong qua trinh van hanh la:
PIV = 2Uon,
® Dong hiéu dung thir cp may bién ap:

Dong chay trong mdi cudn diy thir cip may bién ap c6 dang gidng nhu dong

dién qua thir cap bién ap trong mach chinh luu ban ky, vi vay cong thiic tinh

nhu nhau:
| _ Uim
2 2R,

U2m

..............................

- Gigl @oqn DY Nguing |
“rdan-va ¢hiu-dién- oo/
AP NQUIC -1/

iai doan D1 dandién | Y\

-U2m

-2U2m

Time

Hinh 1-32 Dién dp Uk trén Diode D, trong qua trinh van hanh
@ Pién ap hiéu dung thtr cap may bién ap:

Do di¢n ap thtr cap bién &p c6é dang sin nén tri hiéu dung cua no la:

U2 — U2m

V2

® Cong sut hidu dung & thtr cdp may bién ap cip cho mach chinh luu:
Can luu ¥y dic biét 1a trong truong hop chinh luu toan ky dung 2 Diode thi
thir cap bién 4p c6 2 cudn day thay phién nhau lam viéc trong mdi ban ky cua dién

ap sin nén cong suat hi¢u dung ¢ thur cap cua bién ap la:
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U2m Uim =2 U2m (U2m_0’7) ~ U2m2

P, = Pycusnam + Paccugnom = 2,1, = 2. J2 2R, T J2 2R ~J2R
R, K Ky
2
o~ Uant
V2R,

® H¢ so su dung may bien ap:

4u,
2p
rup-Pe J TR A2 0005 5739,
P, U,. T
V2R,

T.UF ~ 57,3%)| gip doi truong hop chinh luu ban ky.

Hé sb sir dung bién ap bang 57,3% c6 nghia 1a mach chinh luu chuyén doi
duoc 57,3% cong sudt ma n6 nhan duge tr thir cép may bién ap thanh cong suét
DC trén tai. Néu may bién ap cip cho mach chinh luu 100W thi chi cudi cliing trén
tai nhan duoc 57,3W 1a cong suat DC. Nhu vay véi mach chinh luu toan ky dung
2 Diode, ta sir dung duoc khoang 60% cong suét cua bién ap.

1.5.3.5. Vi du vé tinh toan cac thong sd trong mach chinh luu toan ky
Cho mach chinh luu toan ky dung 2 Diode véi cc thong sb ban dau la: U, = 12V;
R¢ = 50Q2. Hay xac dinh di¢n ap trung binh trén tai, dong trung binh qua tai, cong
suat DC nhan duoc trén tai, cong suét hiéu dung ¢ thu cép bién ap cép vao mach
chinh Iuu va hé sb st dung bién ap.
Giai:
Trudc nhat ta c6 dién ap hiéu dung & thtr cap bién ap 1a Ur = 12V

= Trj dinh: U, =U,~2 =122 16,97V

= Tri dinh cua dién ap trén tai 1a: Uy = Um — 0,7 = 16,27V
% Dién ap trung binh trén tai la:

_ 2V, _ 2.16,27 ~10,36V
i 3,14

Upe

% Dong dién trung binh qua tai la:
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I, = Joc 1036 _ 450724 = 207,2mA
R, 50

% Dong dién hiéu dung qua mdi cudn thir cap mday bién ap la:

| Ym _1627
27 2R, 2.0

~ 0,1627A =162,7mA

& Cong suit DC nhan duoc trén tai la:
Ppc = Upc.Ipc = 10,36.0,2072 = 2,15W

& Cong suét hiéu dung & thir cap bién ap cap cho mach chinh luu:
P> =2.U,.1b=2.12.0,1627 = 3,905W

% Heé s6 st dung bién ap la:

P. 215
TUF=-2¢ - 5° _055-559%
P, 3,905

Pay 1a két qua tinh chinh xéc, trong cong thirc 1y thuyét ta c6 T.U.F ~ 57,3%
vi da bo di sut ap 0,7V trén Diode.
1.5.4. Chinh lwu toan ky dung ciu 4 Diode

1.5.4.1. So dd mach

Z\ D2

Rt § (I AVAW

75 D4 D3

=L '
=0

Hinh 1-33 So d6 nguyén 1y mach chinh lwu cau
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10v

5V

ov

-10vV

____________________

+0,7 -
9
opnbu dy
O—®

\9
| -

ut A0\

ut [\

AC 220v

0,7
O
B

Time

Hinh 1-36 Quan hé giita dién ap u, trén tdi va dién ap uz ¢ thir cdp bién dp.
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1.5.4.2. Nguyén ly lam viéc ciia mach

Xét hoat dong cuia mach trong ban ky (+) cua uz (xem hinh 1-34). Trong ban ky
nay ta c6 dién thé tai diém a duong hon dién thé tai diém b nén dong dién chay tir a
qua Di, qua tai R, qua D3 vé b. Dién ap trén tai trong ban ky nay c6 dang gan giéng
dién ap uab (tlrc u2) nhung bién d6 dinh thap hon Uam khoang 1,4V do sut ap trén 2
Diode D; va Ds (sut ap trén mdi Diode 1a 0,7V). Vi vay ta c6 phuong trinh gan ding
clia uc trong giai doan nay 1a: u; = (Uam — 1,4).sin(mt). Dong thoi trong giai doan nay
2 Diode D> va D4 ngung dan va chiu dién 4p nguoc. Xem hinh 1-34 ta nhan thay dién
ap nguoc trén D va D4 x4p xi bang uab va cuc dai khi ua, dat dén tri dinh Uam. Nhu

vay ta ¢6 PIV = Uam (d6i vi D2 va Da).

Xét hoat dong cua mach trong ban ky (-) cua uz (xem hinh 1-35). Trong ban ky
nay ta c6 dién thé tai diém a am hon dién thé tai diém b nén dong dién chay tir b qua
D>, qua tai Ry, qua D4 vé a. Dién 4p trén tai trong ban ky nay c6 dang gan gidng dién
ap Uba (trc -u2) nhung bién do dinh thap hon Uam khoang 1,4V do sut ap trén 2 Diode
D> va Da4. Vi vay ta c6 phuong trinh gan dung cta u, trong giai doan nay 1a:  ui~ -
(Uzm — 1,4).sin(ot). Dong thoi trong giai doan nay 2 Diode D va D; ngung dan va
chiu dién ap nguogc. Xem hinh 1-35 ta nhan thay dién ap nguoc trén D va D; xap xi
bang uwa va cuc dai khi up, dat dén tri dinh Uam. Nhu vy ta ¢6 PIV = Ui (d6i v6i Dy
va D3).

Toém lai phuong trinh gan dung cia dién 4p trén tai R 1a:

U - { (Uzm — 1,4)sin(ot) voi0<ot<mn
, =
-(Uom — 1,4).sin(owt) voi T < ot <271
Pién ap nguoc cuc dai trén cac Diode 13 PIV = Uan (chi bang phan nira truong
hop chinh luu toan ky dung 2 Diode néu uz ¢ ciing gia tri).
1.5.4.3. Tinh to4n cac thong sb co ban
Dang dién ap trén tai trong trudng hop chinh luu toan ky dung cau 4 Diode gin
gidng truong hop chinh Iuu toan ky dung 2 Diode nén cic phép tinh cac thong so
lién qua t&1 phu tai nhu : Dién ap trung binh, dong dién trung binh, dién &p hiéu dung,

dong dién hiéu dung v.v gidng véi cac cong thirc ta d3 dé cap trong phan trén. Tuy
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nhién c6 mét luu y quan trong 1a tri dinh cua dién ap trén tai (thc Uwn) trong truong
hop chinh luu cau thap hon tri cyc dai Uan it nhét 12 1,4V do syt ap trén 2 Diode (D
va D3 hoac D; va D4) con trong trudong hop chinh luu toan ky dung 2Diode thi Ui
thap hon Uan it nhéat 13 0,7V do chi sut 4p trén 1 Diode (D; hodc D»). Céc thong sb
lién quan dén Diode va mdy bién ap trong chinh luu cau cé cach tinh khac.

1.5.4.4. Tinh toan céac thong s lién qua dén Diode va may bién ap

® Dong trung binh qua Diode:

Ciap Diode D1,Ds thay phién 1a viéc v6i cip Diode D»,Ds trong mdi ban ky
ctia dién ap uz nén dong dién trung binh qua mdi Diode bang phan nira dong

trung binh qua tai.

@ Dién ap nguoc cuc dai tdc dong 1én Diode trong qua trinh van hanh:

PIV ~ 2Usw| xem phan nguyén y lam viéc ciia mach.

® Dong hiéu dung thit cAp may bién ap:

Dong chay trong mdi cudn day thir cAp may bién ap (tirc dong i2) trong truong
hop chinh lwu cau 1a dong xoay chiéu dang sin. Trong ban ky (+) ciia u, dong
nay c6 chiéu di ra tai diém a va trong ban ky (-) ctia uz, chiéu ctia né nguoc

lai (di vao tai diém a). Xem hinh 1-34 va 1-35 vé chiéu chay ciia dong dién

trong cudn thir cp. Dang séng ciia i> nhu hinh 1-37.
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Time

Hinh 1-37 Dang dong dién trong cudn thi cdp mdy bién dp

Do c6 dang gan véi dang sin nén tri hiéu dung ctia dong thtr cap bién ap la:

Utm
Rt Utm

I2m
"= 12" " V2R,

| _ Utm
2 2R,

@ Dién ap hiéu dung thir cAp may bién ap:

Do dién ap thtr cap bi€n ap c6 dang sin nén tri hi€u dung cua no la:

U, =

V2

® (Cong suat hiéu dung & thir cAp may bién ap cip cho mach chinh luu:

P,=ULl = U2m . Utm — U2m . (U2m _]s4> ~ U2m2
2 2727 2 \/E.Rt V2 \/E-Rt 2R,

néu Upm >> 1,4V

® Heé s0 st dung may bién ap:

4U, 2
2 p
TUF=foc _ ™ 'R; z% ~0,81=81%
P, U, T
2.R,
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T.UF ~ 81%| cao hon nhiéu so v6i chinh luu toan ky dung 2 Diode.

Hé s6 st dung bién ap bang 81% c6 nghia 13 néu sir dung mach chinh luu

cau, s€ chuyén do6i dugc khoang 80% cong suat cia bién ap thanh cong suat DC

trén tai, chinh luu cau c¢6 hé so su dung bién ap cao nhat trong cac mach chinh luu

ma ta da khao sat.

1.5.4.5. Vi du vé tinh toan cac thong sd trong mach chinh luu toan ky

Cho mach chinh luu ciu véi cac thong sé ban dau 1a: U, = 12V; R, = 50Q. Hiy

xac dinh dién 4p trung binh trén tai, dong trung binh qua tai, cong suat DC nhan

duogc trén tai, cong suat hiéu dung ¢ thur cap bién ap cap vao mach chinh luu va h¢

sO str dung bién 4p.
Giai:
Trudc nhat ta c6 dién ap hiéu dung & thtr cap bién ap 1a Ur = 12V
= Tri dinh: U,,, =U,v2 =12J2 = 16,97V
= Tri dinh cua dién ap trén tai 1a: Uy = U — 1,4V = 15,57V
% Dién ap trung binh trén tai la:

_2Up 21557 o,

U
pe n 314

% Dong dién trung binh qua tai la:

| Une _ 992
°©T R, 50

=0,1984A =198,4mA

% Dong dién hiéu dung cudn thir cap may bién ap la:

| _ U _ 1557
> V2R, 250

~ 0,22A = 220mA

% Cong suat DC nhan duoc trén tai la:
Ppc = Upc.Ipc =9,92.0,1984 ~ 1,968W
& Cong suét hiéu dung & thir cip bién ap cap cho mach chinh luu:

P> =U21,=12.0,22 =2,64W
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& Heé sb st dung bién ap la:

Tuf=Foc 1968 4545 7759
P, 264

Pay la két qua tinh chinh xdc, trong cong thirc Iy thuyét ta c6 T.U.F ~81% vi dd
bo di sut ap 1,4V trén 2 Diode. Trong truong hop nay ta co Usn = 16,97V khong
qud 16m so véi 1,4V nén néu bé qua sut dp 1,4V trén 2 Diode sé dan dén sai léch

khd 16m gitka tinh chinh xdc va tinh gan diing.

1.5.5. Ghép cac mach chinh luu

O

Trong trudng hop can nhiéu ngudn DC c6 gia tri khac nhau, nguoi ta c6 thé thuc
hién nhiéu mach chinh luu doc lap va sau d6 ghép chiing lai v6i nhau theo cach nhu

mo ta & hinh 1.38

Biénép 1 Bién dp 1
Eummm—k VS

~ + [f——— +Ubc o ~ +

Chinh luu 1

~N - e (V] =
Bién dp 2 Bién dp 2 }
~ + o +Ubcz ~N +

-0
| 22t e~ 2
Chinh Iuu 2 Chinh Iuu 2
A B

—_> ~ - ———o-Ubc2

0

Hinh 1-38 Hai phuwong phdp ghép cac mach chinh luu

Piéu kién dé ghép cac mach chinh luu 1a cdc ngudn ap trudc cac bd chinh luu
dugc ghép phai doc 1ap voi nhau hoan toan vé dién, thong thudng cac ngudn ap nay
lay tir hai cudn dy thtr cap ctia 2 bién ap khac nhau hodc hai cudn day doc 1ap & thi
cap ctia cting mot bién ap (cac bién ap phai dung loai bién 4p cach ly, khong duoc
dung bién 4p ty ngiu). Cha y 13 cac bién ap ban trén thi trudng thong thudng bo day
thir cAp c6 nhiéu dau ra véi murc dién ap khac nhau so véi mot dau 1am chuan. Cac
dau ra nay khong phai ctia cac cudn day doc 1ap nhau ma ching duoc 1y ra trén ciing
mot cudn day tai nhidu vi tri ing vi s6 vong diy khac nhau. Nhat thiét khong duoc

dung nhiéu bo chinh luu trén ciing mot bién 4p loai nay.
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1.5.6. Chon bién ap ding cho ciac mach chinh lwu mdt pha(*)

Khi thiét ké cac mach chinh luu 1 pha, budc cudi ciing 13 chon bién ap. Bién ap
dugc chon phai c6 cong suat biéu kién du 16n sao cho khi dung tai sau mach chinh
Iuru thi bién ap khong bi qua tai ma ciing khong bi non tai gay lang phi. Bé chon duoc
bién ap phu hop, nhat thiét phai tinh dugc cong suat DC tiéu thy trén tai va hé so sir
dung bién ap T.U.F. Bién ap phu hop phai c6 cong suat biéu kién thu cap 1a:

PDC
T.UF

S, > nhung khong qua 16n dén murc lang phi.

Vi du : Dung mach chinh luu ciu dé cung cp dién DC cho mot tai Ry, cong suét
DC tiéu thu trén tai 1a Ppc = 100W. Bién ap phu hop trong truong hop nay phai c6
cong suét biéu kién thir cap 1a:

_ P _ 100 _100

, = =" -1235VA
TUF 81% 081

Bay gio néu c6 cung Ppc = 100W nhung khong dung mach chinh luu cau ma
dung mach chinh luu toan ky 2 Diode thi bién ap phu hop phai c¢6 cong suat biéu kién
thir cap la:

s, >toc _ 100 _ 100 ;7,5
TUF 57,3% 0573

Néu dung mach chinh luyu ban ky thi bién 4p pht hop phai co:

Pe 100 100

S, > = =
TUF 28,66% 0,2866

= 348,9VA

Cong suat biéu kién ti 1& thuan véi kich thudc va gia thanh san xuat bién ap. Vi
vay voi cung mot cong suat DC trén tai, néu chon chinh luu cau thi kich thudc bién
ap nho nhat, chi phi mua bién 4p s& thdp nhat nhung nguoc lai can nhiéu Diode nhét
so voi cac mach chinh luu khac.

Dbi voi cac bién ap loai nho ban trén thi trudng, nha san xuat chi ghi trén vo
bién ap dong dién hiéu dung t6i da cho phép & thir cap (dong I,) ma khong ghi cong

suat biéu kién. Cong suat biéu kién thur cap cia bién ap d6 dugc tinh nhu sau:

IS> = In(ghi trén vo) x (Dién ap hiéu dung 16n nhét & thi cp))
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Vi du: Mot bién ap trén vo ghi 3A, tht cdp cta bién ap nay c6 cac dau ra 0V,

3V, 6V, 9V, 12V thi cong suét biéu kién thir cap 13: Sz = [,.Uamax = 3.12 = 36 VA.

Néu ta khong dung dau ra 12V ma dung dau ra c6 dién ap nho hon, chang han
dung dau ra 6V thi dang 18 dong dién cho phép phai ting gip doi tirc 13 6A nhung
thuc té khong dung duoc dong dién 16n nhu vay vi Iy do 14 nha san xuat chi quan ¢
day thir cap theo mirc 3A dbi voi toan bd cudn thir cap vi 1y do kinh té. Vi vay néu ta

khong dung dau ra c6 dién ap cao nhét thi khong tan dung hét cong suat bién ap.
1.6. BAI TAP

1.6.1. Bai tap 1

Cho mach sau: Dz (Si) c¢6 thong s6: 6,3V/100mA; R1= 1KQ, D1 loai Si. ’
Bién luan va v€ dang séng Vout theo Vin (Vin la di¢n ap tai ngd 3-5 cia may bién
ap).

20:1 R1

1 AN [Vout>
Vac
220v

2

Dz

§5 tD1
v

1.6.2. Bai tap 2
V& mach bao vé khi ddu ngugc cuc tinh cua nguén DC

1.6.3. Bai tap 3

Cho mach nhu hinh
Rt Dz
—AAN X [Vout>
+ Si
—_— Vi S/ D1
- Si
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V61 V1 =6V; Dz =4,3V; Diode loai Si; Rt = 1KQ. Xac dinh dong dién qua Rt, va
Vout?

1.6.4. Bai tap 4

Cho mach nhu hinh
R
—\ N\ < IVout >
D
D
E\’ Vin .|V ~ i
5V —= 4v3

V61 Vin = 6V; Dz =4,3V; Diode loai Si; R= 1KQ. Bién luan va vé dang song Vout
theo Vin?

1.6.5. Bai tap 5

Cho mach nhu hinh
R D1
—AN\ANAN ™ . [Vout>
D2
D
@Vin N ~ ‘
5V — 4v3

V61 Vin = 6V; Dz = 4,3V; Diode loai Si; R = 1KQ. Bi¢n luan va v€ dang song
Vout theo Vin?

1.6.6. Bai tap 6

Thiét ké mach Led:
Thiét ké mach gom 12 den LED (Vled = 2V/20mA) theo yéu cau sau:

Khi mé cong tic ngudn cac Led tit.
Khi déng cong tac nguodn, 12 Led sang.
a) V€ mach nguyén ly.

b) Tinh toan va chon cac dai lwong co trong mach thiét ké trén.
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1.6.7. Bai tap 7
Thiét ké mach Led:

Thiét ké mach gém 10 dén LED (Vled = 2V/20mA) theo yéu ciu sau:

Khi mé cong tic diéu khién, 10 Led sang v6i dong SmA.
Khi déng cong tac diéu khién, 10 Led sdng v6i dong 15mA.
a) V& mach nguyén ly.

b) Tinh toan va chon cic dai lugng c6 trong mach thiét ké trén.
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Chuong 2: TRANSISTOR LUONG CUC

BIPOLAR JUNCTION TRANSISTOR (BJT)

MUC TIEU CUA CHUONG

Trong chuong nay, chiung ta tim hiéu Transistor ludng cuc: Phan loai, phan cuc, cac
ché d6 1am viéc ctia BJT. Ngoai ra, cach viét phuwong trinh duong tai tinh (Puong tai

DC) ciing dugc trinh bay trong chuong nay.

Chuong nay cung cap cac kién thirc co ban phuc vu cho chuong sau. Cho nén, sinh vién
phai thuc hién lai dugc cac vi du va bai tap. Pac biét, chu trong ph?m phan cuc cho BJT

& ché do khuéch dai dé thuén tién cho chuong sau.

2.1. CAU TAO, KIEU VO, PHAN LOAI THEO MA HIEU

2.1.1. Chu tao

Transistor hai mbi ndi (Bipolar Junction Transistor — BJT) 1a mdt linh ki¢n di¢n
tr 3 cuc ¢6 clu tao g6m 3 16p ban dan : N, P, N hoic P, N, P ghép ndi tiép nhau. Moi

16p ban dan duoc han ra ngoai bang mot dién cyuc kim loai.

L [

P
B—+¢ N B—K B—¢ P B—K
P* N*
'I' E '|' E
E E
a) Céu tao va ky hiéu Transistor PNP b) Céu tao va ky hiéu Transistor NPN
(Transistor thuén) (Transistor nghich)

B: Base (cuc c6°ng hay cuc nén)
C: Collector (cuc thu)
E: Emitter (cuc phat)

Hinh 2-1 Cdu tao va ky hiéu Transistor

Nong d6 tap chat trong 3 16p ban dan khong déu nhau:
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I

«—— Chuyén tiép Jc hay mdi néi BC
Chuyén tiép Je hay méi néi BE

B—

T

E

Hinh 2-2 Néng d¢ tap chat céc 16p BJT

) Lép cuc E (P hodc N*) c6 ndng d6 tap chit cao nhit va do d6 c6 sb lugng hat dan

tu do nhiéu nhat.
] Lép cuc B c6 nong d tap chat it nhat va 1 16p mong nhét trong 3 16p.
1 Mt tiép giap giirta 16p cuc B va 16p cuc E goi 1a chuyén tiép Jz hay mbi nbi BE.
1 Mt tiép giap gita 16p cuc B va 16p cuc C goi 1a chuyén tiép Jc hay mdi nbi BC.

2.1.2. Kiéu vé

TO-92 TO-3
MOD
TO-126 e
TO-92 \
MOD \ A
&r— 2
— =
I‘* ==
E
TO-220CFM

TO-3PFM \ TO-3P
B
c

Hinh 2-3 Mot 56 kiéu vé Transistor thong dung
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2.1.3. Phan loai Transistor theo ma hi¢u
Transistor dugc chia thanh 2 loai 1a P-N-P (loai thuén) va N-P-N (loai nghich).
Ta c6 thé nhan dang dugc mot Transistor thudc loai P-N-P hay N-P-N qua xem xét
ky hiéu cua no:
] Transistor c¢6 ky hiéu bat dau bang A hodc B thudc loai P-N-P
(A: loai cao tan va B: logi ém tan hoat dong o tan so thdp).
7] Transistor c6 ky hiéu bat dau b?mg C hoac D thudc loai N-P-N
(C: logi cao tan va D: logi ém tan hoat dong o tan so thdp).
Mot s Transistor c6 ky hiéu bat dau bang 2N...(vi du 2N3055A) hoic TIP (vi

du TIP120) 1a nhitng Transistor ky hiéu theo tiéu chuan ctia My va ta phai tra ciru dé

xac dinh loai.

2.2. TRANSISTOR LOAI N-P-N

2.2.1. Piéu Kién din dién, diic tuyén Is, Upr(Vse) va dic tuyén Ic, Uce(VcE)
2.2.1.1. Piéu kién din dién va dic tuyén Ip, Upk
Transistor c6 mot tinh chét rat quan trong 1a c¢6 kha ning khuéch dai dong dién.
Néu ta cép vao cuc B cua n6 dong dién I thi ¢ cuc C va cuc E s€ xuét hién céc dong
dién 16n hon Ig nhiéu 1an. Vi vay c6 thé ding dong I rat nhé diéu khién dong Ic kha
16n. Su thay d6i cua Is (du rt nho ciing kéo theo su thay doi cua Ic kha 16n (so véi
lugong Ig thay déi). Tuy nhién dé dat dugc nhu vay, dién ap tac dong 1én céac cuc cua
Transistor phai c6 nhiing diéu kién nhét dinh : dang cyc tinh va cé gia tri du 16n.
Ddi véi Transistor N-P-N duge ché tao b?mg Si, diéu kién dé Transistor dan dién
la:

bién ap Ugg > 0,7v va Ucg > 0.
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Dong dién trén cac cuc B, C va E co chiéu nhu hinh 2-4

Vai
chuc
mA

<'ImAI

[=]

05 06 07

Pac tuyén

Hinh 2-4 Chiéu dong dién trong BJT

Méi ndi BE 1a mot 16p tiép giap P-N nén c6 dic tinh gidng nhu Diode, Gia sir
ta ting dan Ugg tir OV thi khi Ugg ting dén khoang 0,5v dong Iz méi bat dau xuat
hién. Khi Ugg khoang 0,6v thi dong Iz < ImA nhung sau d6 tang rat nhanh khi chi
can tang Ugg mot luong rat nho. Dong Ip dat gid tri khoang vai chuc mA khi Ugg =
0,7v va rat 16n dén mirc lam hong Transistor néu U ting dén khoang 1V hodc cao
hon. Vi vay gia tri Ugg trong cac phép tinh toan c6 thé 1y gan ding bang 0,6V hay
0,7V thi timg truong hop cu thé.

Khi da c6 dong Is, néu ta c6 Uck > Uces (khoang 0,1 dén 0,4v) thi ¢ cuc C va
cuc E xuit hién cac dong dién Ic va Ir c6 cudng do 16n hon I nhiéu 1an. Khi d6 ta

néi Transistor & trang thai dan dién.

Khi da c6 dong Is ma khong c6 ngudn ap thir hai dé tao ra dong Ic thi Transistor

van ¢ trang thai ngung dan, luc d6 dong Ip chay dén cuc E va ta co Ig = Is, Ic = 0.

Néu khong c6 ngudn ap phan cuc cho méi ndi BE hodc Ugg khong du 16n (Use
< 0,6V) thi dong Iz = 0. Khi d6 Transistor ciing & trang thai ngung dan bat chip cac
yéu t6 khac.

Tom lai dé Transistor N-P-N dan dién, can c6 hai di€u kién can va du:
v Diéukién can la: Uge > 0,7V

v Piéu kién du: Uce > Uces
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2.2.1.2. Pac tuyén Ic, Uck
Trong trudng hop gilt dong dién Is khong doi va thay d6i Uck, quan hé giita
dong di¢n Ic va dién ap Ucg khi d6 goi la dac tuyén Ic, Uce cua Transistor. Vi nhiéu
gia tri Ig khac nhau ta c6 nhiéu duong dac tuyén khéc nhau goi 1a ho dac tuyén Ic,
Uce ma trén hinh 2-5 1a mot vi du.

)

A

..................

Hinh 2-5 Thi nghiém do ddc tuyén Ic, Ucg cia Transistor.

Néu dong dién I khong ddi thi dong dién Ic cling gan nhu khong d6i khi Uce

bién thién néu Ucg du 16n. Nhu vay dong dién Ic chil yéu phu thude vao Is.

N I
mA

1 l, = 75pA

C

l, = 40pA
l, = 20pA
|B = 5'.1A

N\

0 1 2 3 4 5 6 7 8 9 1011 12 13 e

Hinh 2-6 Ho dic tuyén Ic, Uck ciia Transistor
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2.2.2. Hé s6 khuéch dai dong dién va quan h¢ giira cic dong dién I, Ic, It

2.2.2.1. Hé sb khuéch dai dong dién DC (B) hay hFE

Trong truong hop cac dong dién Is, Ic 12 hang s6 thi ti sé gitta dong dién Ic va

dong dién Ig duoc goi 1a hé s6 khuéch dai dong dién DC cua Transistor. H¢ $6 nay

duogc ky hi¢u 1a B hay hre va dugc tinh theo cong thure:

| C e o
B= IL voi diéu kién Ic < Ics
B

(Icsla dong dién bdo hoa o cuc C co gia tri phu thuéc mach dién cu thé).

H¢ s0 B cua cac Transistor noi chung c6 gié tri tir vai chuc dén vai tram phu thudc

vao néng dd hat dan tu do va kich thudc vat Iy ctia cac 16p ban dan. Vi vay B do nha

san xuat cung cap. Voi cac Transistor cung mot ma hi¢u, hé s 3 cling c6 thé khac

nhau ttr vai chuc dén hang tram. Vi vy trong cac so tay tra ciru dang tom lugc, nguoi

ta thudng cho gia tri Bmin, Bmax VA Pryp (gi4 tri P dién hinh). Khi sir dung, ta thuong lay

gia tri Biyp. Trong tai li€u tra ctru chi ti€t, nha san xuat cung cap hé so B cho ¢ dang

dd thi phu thudc vao dong Ic. Khi éy mubn xac dinh B, taco thé udc luong tri s6 clia

n6 tuwong ung véi mot khoang dong dién nao do hodc dinh gia tri chinh xac tai mot

gi tri dong dién biét trudc. Vi du trén hinh 2-7, hé s6 B co gia tri khoang 90 ung véi

dong Ic =2mA.

120 I I

[
—VCE =6V
100

80 ]

60 — =]

-

40

DC Current Transfer ratio hgg

20

0
0.1 0.2 0.5 1.0

Collector Current I (mA)

2

5

10

20

Hinh 2-7 Hé s6 8 hay hrz ciia Transistor C535.
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2.2.2.2. Quan h¢ gitra cac dong dién

Khi Transsitor dan dién, dong dién cuc C cta né 16n gap B 1an dong dién cyc B
néu dong Ic chua dat cuc dai (chua bao hoa). Xem hinh 2-4 ta nhan théy ca hai dong

Iz va Ic cung hoi tu vé cuc E nén ta co:
I = Ic + Ip (dang thic nay ludn ding voi moi trudng hop)
Vi Ic = B.Is nén c6 cach tinh khac la: [ =B.Is +Is=(p + 1).Is

Vay khi dong Ic chua dat cuc dai thi:

v lc=BIsva
vV L=lc+tlzg=p+1).Is

Khi dong Ic da dat cuc dai thi gia tri cuc dai do6 goi 1a Ics (dong Ic bao hoa) va dé

c6 Ic = Ics thi dong dién tai cuc B phai c6 gia tri 16n hon Igs véi Igs = Ics/B. Lic

nay ta co:
v Ig>Iss
v Ic=Ics
vV Ig=Ic+1s

2.3. TRANSISTOR LOAI P-N-P

2.3.1. Piéu kién din dién, hé s6 B
2.3.1.1. Diéu kién dan dién

Ciing giéng nhu Transistor N-P-N, Transistor P-N-P ciing cn ¢ nhitng diéu kién

nhét dinh dé dan dién :
bién ap Ugg > 0,7v va Ugc > 0.

Dong dién trén cac cuc B, C va E ¢o chiéu nhu hinh 2-8
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Hinh 2-8 Quan hé dong dién cia BJT PNP

Mdi nbi EB 1a mot 16p tiép giap P-N nén c6 dic tinh gidng nhu Diode, Gia sir ta
tang dan Ugp tir OV thi khi Ugp ting dén khoang 0,6V dong Iz méi bat dau xuét hién
va sau d6 ting rat nhanh khi chi can ting Ugs 1én mot lugng rat nho. Dong I co thé
dat gid tri rt 16n dén mutrc lam hong Transistor néu Ugs ting dén khoang 1V hodc cao
hon.

Khi Transistor 1am viéc voi dong Is nho khoang 1mA thi Ugg khoang 0,6V. Néu
tang Ugp dén 0,7V thi Is khoang vai chuc mA. Vi vay gia tri Ugs trong cac phép tinh
toan c6 thé 1y gan diing bang 0,6V hay 0,7V thi timg trudng hop cu thé.

Khi d3 c6 dong I, néu dién thé & cuc E 16n hon dién thé cuc C tic 13 Ugc > 0 thi
& cuc C va cyc E xuét hién cac dong dién Ic va Ir c6 cuong d6 16n hon I nhiéu lan.
Khi d6 ta néi Transistor & trang thai dan dién.

Khi d4 c6 dong Iy ma khong c6 ngudn ap thir hai dé tao ra dong Ic thi Transistor
van & trang thai ngung dan,. Luc d6 dong Ic =0 va ta ¢6 Is = I.

Néu khéng c6 ngudn ap phan cuc cho mdi ndi EB hoic U khong di 16n (Ugs <
0,6V) thi dong Is = 0. Khi d6 Transistor ciing ¢ trang thai ngung dan bét chap cac
yéu t6 khac.

Tém lai diéu kién dé Transistor P-N-P dén dién, can c¢ hai diéu kién can va du:

Diéu kién can 1a: Ugs >0,7V.
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Diéu kién du: Ugc > 0.
2.3.1.2. Hé s6 khuéch dai dong dién DC (B hay hgg):

D6i voi Transistor P-N-P, hé s6 B hay hre cling dugc dinh nghia 14 ti s gitra dong

Ic va I khi dong Ic chua dat t6i tri bao hoa.

LS
Iy

B=

voi diéu kién Ic <lIcs
(Ics la dong dién bao hoa o cuc C co gia tri phu thuéc mach dién cu thé).
2.3.2. Quan hé giira cac dong dién:

Khi dong Ic chua dat cuc dai thi:

Ie=P.Is va
[g=Ilc+Ig=(B+1).Is

Khi dong Ic da dat cuc dai thi gia tri cuc dai d6 goi 1a dong Ic bao hoa, ky hi¢u

1a Ics. Pé 6 Ic = Ics can ¢6 Ip > Ics/B. Liic ndy ta co:
v Is>Iss
v Ic=Ics
vV Ig=Ilc+1s

2.4. CHE PO LAM VIEC CUA TRANSISTOR

2.4.1. Ba ché @9 hoat dong ciia Transistor
v' Ché d6 ngung dan: Transistor khong dan dién, dong dién trén cac dién cuc
bang 0.
v Ché 36 dan khuéch dai: Dong dién Ic = BIg va chua dat cuc dai (Ic < Ics).
v Ché d6 bio hoa: Dong Ic dat cyc dai bé‘mg Ics va dién ap Ucg giam xuéng rat
thap Uck = Ucgs = 0,1— 0,4V tuy theo cudng do dong Ics. Véi Ics khoang
vai chuc mA thi Ucgs khoang 0,1 — 0,2v. V&i Ics khoang vai trim mA dén

vai Ampe thi Ucgs c6 thé dén 0,3 hoic 0,4v. Uces la dién ap giira cuc C va E
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do khi Transistor bao hoa. Vi tat ca cac Transistor, trong tinh todn Ucgs max

=0,2v.
2.4.2. Piém lam viéc tinh, dwong tii DC ciia transistor trong so' dd khuéch dai

Trong cac mach tmg dung Transistor N-P-N, ngudn cép dién cho mach 14 ngudn

mdt chiéu co gid tri khong doi va phai co it nhat mot dién tr¢ mac tir cuc (+) cua

nguodn dién dén cuc C hodc tr cuc E dén mass dé han dong qua Transistor (dién trd

nay co thé 13 tai). Véi mach nhu vay thi khi dong Ic ting s& tao ra mot syt ap trén cac
dién tr¢ han dong lam cho di¢n ap Uck gidm va nguoc lai. Dién ap Ucg c6 gié tri 1on
nhat bang dién ap ngudn khi dong Ic = 0 va nho nhét bang Ucgs khi Ic = Ics. Tai mot
thoi diém nao d6 dong dién Ic va dién ap Uce c6 mot gia tri xac dinh. Cap gia tri (Uck,
Ic) xac dinh mot diém Q trong mit phang toa do Uck, Ic goi 13 diém lam viéc cua
Transistor. Khi dong dién cuc B (dong Ig) khong bién thién thi cip gia tri Ic, Uck c6
gia tri khong d6i va diém lam viéc Q(Uck,Ic) duoc goi 1a diém lam viéc tinh cua

Transistor.

Quy dao cua diém lam viéc tinh khi Ic thay dbi tir 0 dén gi tri toi da Ics 1a mot
doan thang goi 1a dudng tai DC cua Transistor. Puong tai DC mé ta quan hé giita Ic
va Uce trén mach dién dang xét, n6 c6 y nghia quan trong trong vi¢c xac dinh xu
huéng dan dién manh hay yéu ciia Transistor ciing nhu dung dé xac dinh ving hoat

dong qué cong suat cua Transistor.

Vi¢ce xay dung duong tai DC s€ trinh bay sau. Trén hinh 2-9 mé ta mot duong tai
DC dién hinh (doan AS). Khi diém lam viéc Q tién dén S, Transistor dat trang thai
bdo hoa. Khi diém Q tién dén A, Transistor ngung dan. Khi Q ¢ vi tri hién tai nhu
hinh v&, Transistor dang dan dién & ché d6 khuéch dai. Vi tri diém lam viée Q chinh
1a giao diém gitra dudong dic tuyén Ic, Uck (do nha san xuat cung cap hodc xay dung

tir thi nghiém) v6i dudng dic tuyén ngd ra cia mach (duong AB).
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Puong tai DC (DCLL - DC load line) cho thy & pham vi bién thién thuc té ctia dién

ap Uck va dong dién Ic cling nhu quan hé gitra Ic va Ucg. Khi Ic tang thi Ucg giam va

nguoc lai.
Hinh 2-9 Duong tai DC cua Transistor NPN
Alc
B -
. , R lg = les
.. § (Piém b&o hod)
-------- < les (-
_0 (
R4 |
o Q (Biém 1am viéc) lea < les
w | lce
0
5.
£
[
@
£ Iz < lse
K=
‘@
o]
o (Pi€m ngung dan)
g
2 /
X A Uce
0 Ucses Uce UcEmax)
= Ucc
Khodng bién thién thyc t& clia Uce |

2.4.3. X4c dinh diém lam viéc Q

Dé xac dinh diém 1am viéc Q ta can 2 bude tién hanh nhu sau:

a) Dua vao mach phan cuc ngd vao dé xac dinh gia tri dong I

b) Tim dac tuyén tuong ung véi Ig vira tinh trong ho dac tuyén Ic, Uce va xac dinh
giao diém giita dic tuyén ndy véi dudng dic tuyén ngd ra ctia mach. Luu ¥ 1a cach
lam nay khong thuc hién dugc néu khong c6 ho dac tuyén Ic, Uck cua Transistor, néu
khong c6 thi cach tinh gan dung thyc hién nhu sau:

So sanh Ig voi Ies = Ics/P (gia tri B phai biét trudc).

v' Néu Is > Igs thi Transistor lam viéc & ché d6 bdo hoa tirc diém Q = S

v' Néu Is < Igs thi Transistor chua bdo hoa, dong Ic = B.Is. C6 Ic s& tim dugc diém

Q.
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Truée khi tién hanh xac dinh duong tai DC va diém lam viéc Q, ta xét mot so

dang mach thuong gip ddi véi Transostor loai N-P-N va tmg dung ciia nhiing dang

mach nay.
2.5. PHAN CUC CHO BJT

2.5.1. Phan cue dung 2 nguon riéng biét

2.5.1.1. Dang mach
* Trudong hop khong c6 Re

Vcc

|
%m
w
w
[®)
‘|
l

Hinh 2-10 Phdn cwc ding 2 nguon riéng

* Trudong hop c6 Re
RBB .| Vcc
MQ r—
=L VBB é R
T E

Hinh 2-11 Phdn cuc ding 2 nguén riéng cé Rg
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2.5.1.2. Phuong trinh duong tai DC
* Truong hop khong c6 Re
Tur ludi 1: (phuong trinh ngd vao)
Ve = I.Rp + VBE
= Is=(VsB - VBe)/RB
= Ic= BIs
Tur luot 2: (phuong trinh ngd ra)
Vee = Ic.Re + Vee
= Vce = Ve - [e.Rc (*)

Phuong trinh (*) con goi 14 phuong trinh duong tai DC. Dé vé d6 thi duong tai DC

ta dya vao phuong trinh (*) nay dé tinh VcEmax, Icmax.
* Trudong hop c6 Re

Tur ludi 1: (phuong trinh ngd vao)

Ve = Ig.Rp + Ve + Ie.Rg

— VBB _VBE
R, +(B+DR,

[B

= Ic= Bls

Tur ludi 2: (phuong trinh ngd ra)

Vee = Ic.Re+ Vee + Ie.RE

(Ic=1Ig)

= Vce = Vcce - Ie(Re + Rg) (%)

Phuong trinh (*) con goi 14 phuong trinh duong tai DC. Dé vé d6 thi duong tai DC
ta dya vao phuong trinh (*) nay dé tinh Vcmax, Icmax.

2.5.1.3. Vidul

Cho mach dién nhu hinh 2-10, Veec = 12V, Vg =5V, B =100, Rg = 82K, Rc =

1K. Xac dinh diém lam viéc Q trén d6 thi.
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Giai:

Tur ludi 1: (phuong trinh ngd vao)

Ve = Ig.Rp + VBE

= Iz =(VsB - VBe)/ Re = (5-0,7)/82 =4,3/82 = 0,052 (mA)

= Ic= BIz =100%0,052 = 5,2 (mA)

Tur ludi 2: (phuong trinh ngd ra)

Vee = Ic.Re + Ve

= Vce = Vcce - [c.Rec=12 - 5,2*%1 = 6,8(V)

V& d6 thi: tir phuong trinh (*)

VcEmax = Vee = 12V (khi Ic = 0)

Icmax = Vee/Re = 12V/ 1K = 12(mA)
2.5.1.4. Vidu2

Cho mach dién nhu hinh 2-11, Vec = 12V, Vg =5V, B = 100, Rc = 1K, Rg = 200.
Nguoi ta do dién &p trén Rg = 1V.
Xac dinh Rg.
Xac dinh diém 1am viéc Q trén do thi.
Giai:
Xac dinh Rp
Ta co: VRE=1V. = [g = VRE/Rg =1/0,2 =5 (mA)
= Ig= Ic¢/B =5/100 = 0,05 (mA)
Tu ludi 1: (phuong trinh ngd vao)
Vee = IB.R + VBe + [E.RE =
= R = (VBB - VBe- VRg)/Ig = (5 - 0,7 - 1)/0,05 = 3,3/0,05 = 66 (KQ).
Xac dinh diém lam viéc Q trén db thi.

Ic=1t =5 (mA)

Tur ludi 2: (phuong trinh ngo ra)
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Vee =Ic.Re+ Vee + IeRe

= Vce= Vcce - Ie.(Re + Rg) =12 - 5(1 + 0,2) = 6(V)
Vay Q(Vce, Ic) = Q(6V, SmA)

V& db thi: tir phuong trinh ngd ra

VcEmax = Vee = 12V (khi Ic = 0)

Temax = Vee/(Re + Re) = 12V/ (1 + 0,2) = 10(mA)

+—{>+Vcc
R
C
¢ R %

2.5.2. Phan cuc ¢ dinh

2.5.2.1. Dang mach

Hinh 2-12 Phén cuc cé dinh

2.5.2.2. Phuong trinh duong tai DC

Tur ludi 1: (phuong trinh ngd vao)

Vee=1Is.Rp + Ve

= Is=(Vcc - Vee)/ Re = Ic= BlIs

Tur ludi 2: (phuong trinh ngd ra)

Vee = Ic.Re + Ve

= Vce = Ve - [e.Rc (*)

Phuong trinh (*) con goi 1a phuong trinh duong tai DC. Dé vé d6 thi duong tai DC

ta dya vao phuong trinh (*) nay dé tinh VcEmax, Icmax.

73



Sdach huong dén hoc tdp Dién tu tuong tu

2.5.3. Phan cwc hoi tiép cuc phat

2.5.3.1. Dang mach

i

Hinh 2-13 Phdn cuc hoi tiép cuee phat
2.5.3.2. Phuong trinh duong tai DC
Tur ludi 1: (phuong trinh ngd vao)
Vee = Is.Rg + Vee + Ie.RE

VC B VBE

=1, =
* R, +(B+DR,

= Ic= Bls

Tur ludi 2: (phuong trinh ngd ra)
Vee =Ic.Rc+ Vee + [.RE
(Ic=1Ig)

= Vce = Vce - Ie(Re + Rg) (%)

Phuong trinh (*) con goi 14 phuong trinh duong tai DC. Dé v& d6 thi duong tai DC

VcEmax = Vee (khl Ic= O)

ICmax. = VCC/(RC =+ RE) (khl VCE = O)

74



Sdach huong dén hoc tdp Dién tu tuong tu

2.5.3.3. Vidu

Cho mach di¢n nhu hinh 2-13, Vce = 12V, B =100, Rc = 1K, Rg =200Q. Nguoi ta
do dién &p Vce=5V.
Xac dinh Rg.
V& d6 thi va xac dinh diém 1am viéc Q trén do thi.
Giai:
Xac dinh Rp
Ta c6: Vce =5V

Tur ludi 2: (phuong trinh ngd ra)

Vce = Vce - Ie(Re + Rg) (%)
= Ic=(Vce - Ver)/(Re+ Re) = (12 - 5)/(1 + 0,2) = 5,83 (mA)

= Ig= I/ =5,83/100 = 0,0583 (mA)
Tu ludi 1: (phuong trinh ngd vao)
Vee =18.Rp + Ve + IE.RE

= Rp = (Ve - Vit - [Re)/Is = (12 - 0,7 - 5,83.0,2 )/0,0583 = 10,134/0,0583 =
173,825(KQ).

Xac dinh diém lam viéc Q trén do thi.
Ic=1Ig = 5,83 (mA)
Vce=5V.
Vay Q(Vcr, Ic) = Q(5V, 5,83mA)
V& db thi: tir phuong trinh ngd ra
Veemax = Vee = 12V (khi Ic = 0)

Temax = Vee/(Re + Re) = 12V/ (1 + 0,2) = 10(mA)

75



Sdach huong dén hoc tdp Dién tu tuong tu

2.5.4. Phan cwc hoi tiép cuc thu

2.5.4.1. Dang mach

7 \
o)

i

Hinh 2-14 Phén cuc hoi tié'p cuc thu
2.5.4.2. Phuong trinh duong tai DC
Tur luoi 1: (phuong trinh ngd vao)
Vcee=Ie.Rc+ Is.Rp + Ve + Ie.RE

I. = Vcc _VBE
B
Ry +(B+1D)(Rc +R;)

= Ig= B+

Tur ludi 2: (phuong trinh ngd ra)
Vee =1e.Re+ Ve + IR
(Ic=1g)

= Vce = Vce - Ie(Re + Rg) (%)

Phuong trinh (*) con goi 14 phuong trinh duong tai DC. Dé v& d6 thi duong tai DC

ta dya vao phuong trinh (*) nay dé tinh VcEmax, Icmax.

VcEmax = Vee (khl Ic= O)
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Icmax. = Veo/(Re + Rg) (khi Vg = 0)
2.5.4.3. Vidu
Cho mach di¢n nhu hinh 2-14, Vce = 12V, B =100, Rc = 1K, Rg =200Q. Nguoi ta
do dién thé Vc=7V.
Xac dinh Rs.
V& d6 thi va xac dinh diém 1am viéc Q trén do thi.
Giai:
Xac dinh Rp
Taco: Vc =7V =Vce+ VRE
Tu ludi 2: (phuong trinh ngd ra)
VRc=Vcc-Vec=12-7=5V
= Ic = VRc/Rc =5/1 =5 (mA)
= Ig=1Ic=5(mA)
= Ig= Ic/B =5/100 = 0,05(mA)
Tur ludi 1: (phuong trinh ngd vao)
Vce =Ig.Rc+ Ig.Rs + VB + IE.RE
= Rg = (Vcc- Vae - [e.Rc - [e.Re)/Ig = (12 - 0,7 - 5.1 - 5.0,2)/0,05 = 5,3/0,05 =
106(KQ).
Xac dinh diém lam viéc Q trén db thi.
Ic=1g= 5,83 (mA)
Ve =5V.
Vay Q(Vce, Ic) =Q(5V, 5,83mA)
V& db thi: tir phuong trinh ngd ra
VcEmax = Vee = 12V (khi Ic = 0)

Temax = Vee/(Re + Re) = 12V/ (1 + 0,2) = 10(mA)
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2.5.5. Phan cwe dung ciu phén ap
2.5.5.1. Dang mach

* Truong hop khong c6 Re

=>+Vcc

§R81 %Rc

jRBz

7 \
o)

Hinh 2-15 Phdn cwc ding cdu phan dp

+—>+Vcc
R
C
RB1 %

L
I §

* Trudng hop c6 Re

e}

7 \

Hinh 2-16 Phdn cuc ding cau phdn dp c6 Re
2.5.5.2. Phuong trinh duong tai DC

Trong mot sd truong hop, viée tinh toan gap nhiéu kho khan. Pé don gian, ta sir dung

dinh 1y Thevenin - Norton dwa vé mach twong dwong dung 2 ngudn riéng. Khi do:
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R
Vg = 22 Vee
Ry +Ry,

RBB _ RBI 'R32
RBI +R32

Ap dung mach 2 ngudn riéng dé giai bai toan.

* Trudng hop khong c6 Re

+—>+Vce
>+Vcce
B1 R
Cc
e
N RBB .| Vcc
Aa— @ =
R N R
B2 . \V/
—— BB
Hinh 2-17 Mach twong dwong 2 nguén riéng
* Trudong hop c6 Re
+—>+Vcc > +Vcc
R R
Cc c
Rg; é
RBB > .| Vcc
< Q Q r—
—| A =
é Rez L Vg R
i E

Hinh 2-18 Mach twong dwong 2 nguén riéng c6 Rg
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2.5.5.3. Vidu

Cho mach dién nhu hinh 2-16, Vcc =12V, B =100, Rg1 =47K, Rg> = 15K, Rc = 1K,
Rg = 2009Q.
V& d6 thi va xac dinh diém 1am viéc Q trén dd thi.
Xac dinh diém lam viéc Q trén do thi.

Ta co:

- Ry 151047+ 15) = 2,9V

BB
RBI+ B2

R, = RenRes 471547+ 15)=1137kQ

RBI + B2
Vee = Is.Res + VBe+ IE.RE

= J = VBB_VBE
" R, +(B+DR,

=(2,9-0,7)/(11,37 +101.0,2) = 2,2/31,57 = 0,07 mA

= Ic= BIzg =100.0,07 =7 (mA)
Tu ludi 2: (phuong trinh ngo ra)

Vce=Vce-Ic(Re+Rg)=12-7(1+0,2)=3,6 V
Vay Q(Vcr, Ic) =Q(3,6V, 7mA)

V& db thi: tir phuong trinh ngd ra
VcEmax = Vee = 12V (khi Ic = 0)

Temax = Vee/(Re + Re) = 12V/ (1 + 0,2) = 10(mA)
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2.6. BAI TAP

2.6.1. Baitap1l

Cho mach nhu sau:

+Vcc

Re
Re
Q
R
E

Vo1 Rg = 330KQ, Rc = 1,2KQ, Rg =220Q, B =100, Vcc = 12V, transistor loai
Si(Ic = Ig).
a) Tinh dién &p VCE

b) V& d6 thi va xac dinh diém lam viéc Q trén d6 thi

2.6.2. Baitap2
Cho mach phan cuc BJT nhu hinh

+—> +Vcc
R
C
RB
Q

i

Vi =100, Vcc =12V, Rc = 1KQ; Rg = 200Q.
a) Nguoi ta do VRc =4V. Xac dinh R

b) V& duong tai DC va xac dinh diém lam viéc Q trén db thi.

¢) Gia sir hd mach dién tré Rg, xac dinh diém lam viéc Q
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2.6.3. Bai tap 3
Cho mach nhu sau

+Vcc

Vbb = +5V

Vee = 12V. Mbi dén LED sé du sang khi dong qua n6 khoang 20mA va dién
ap Vak khi do khoang 1,8V.

a) DPem nhom LED trén mac vao cuc C cua Transistor nhu hinh v&. Gia su dong

qua mdi LED 1a 20mA, xac dinh dong Ic ctia Transistor.

b) Gia st Transistor bdo hoa (Vces = 0,2V) khi dién ap diéu khién ¢ muc cao

(5V). Xac dinh Rec.

¢) Vi Re xé4c dinh & cau c¢). Xac dinh Rp dé Transistor bio hoa khi 4p diéu khién

& muc cao (5V). Biét Qsar ¢ p = 50.
Dap an:
a) Riep = 90Q. Rnu =270Q.

b) Ic = 20mA.
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¢) Rc = 320Q.
d) Rg < 10,75KQ.

2.6.4. Bai tap 4
Cho mach phan cuc Transistor bang cach dinh dong I nhu hinh v&.
Véi Vee = 12V; B =45; Rg = 220KQ; Rc = 2,2KQ; Rg =470Q;

+—_>+V/cc

S
—KQ

i

V& duong tai DC va xac dinh diém tinh Q cta Transistor.

Dap an: Q(6,4V; 2,1mA)

2.6.5. Bai tap 5
Thiét ké mach diéu khién tai gom 8 dén LED (Vled = 2V/20mA) ding BIT (c6
Bsat = 50). V&i ngudn cho tai 1a 12V, ngudn diéu khién dé dong ngat tai 1a 5V.
a) V€ mach nguyén ly.

b) Tinh todn va chon céc dai lugng cé trong mach thiét ké trén.

2.6.6. Bai tap 6
Thiét ké mach diéu khién tai gdm 14 dén LED (Vled = 2V/20mA) dung BJT (c6
Bsat = 50) c6 nguodn diéu khién dé déng ngat tai 1a 5V theo yéu cau sau:
Khi chua c6 tin hiéu diéu khién, cac Led sang véi dong SmA.
Khi c6 tin hiéu diéu khién, cac Led sang véi dong 15mA.
c) V& mach nguyén ly.

d) Tinh toan va chon cac dai lugng c6 trong mach thiét ké trén.
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2.6.7. Bai tap 7
Cho mach nhu hinh vé

§ Re: °
‘ I:Q
R
B2

i

Vi Vee = 12V; B =100; Re2 = 12KQ; Rc = 1KQ; R = 200Q.
a) Nguoi ta do Ve = 8V. Xac dinh R

b) V& duong tai DC va xac dinh diém lam viéc Q trén db thi.
¢) Gia sir hg mach dién tré Rgo, khi d6 diém lam viéc Q dich chuyén nhu thé nao trén

dd thi?

2.6.8. Bai tap 8
Cho mach nhu hinh vé sau
Pién tro twong duong clia tai co gia tri nho nhat 1a Runin = 10Q. Cho Ve =30V, B
=30

+Vce

Rg

_N\,_Eo

X

a) Xac dinh Rg sao cho khi R¢ = Rimin = 10Q thi Vg = 28V.
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b) Chimg minh rang v&i Rg ¢ dinh, néu R ting thi Vg giam.
Bap an:
a) Rp~15Q.
b) Goi y: Thiét 1ap cong thirc tinh I; theo Vee, Vy, Rg va Rr. Dya vio cong thic nay
dé bién lugn.

2.6.9. Baitap 9
Cho mach nguén dong nhur hinh vé& sau:
Vce =12V; B =100; Dz= 6,8V; Rg = 1KQ; Rg = 1KQ.

+—_>+V/cc

a)  Chimng minh rang dong I; khéng phu thudc vao tai R..

b) Xéc dinh Ig, I, Ig, Irs, Iz va cong suét tiéu tan trén Diode Zener.
Bap an

a)  I=p(Vz- Vy)/[(B+ 1).Re]

b) I =0,0604mA; I; = 6,04mA; Ig = 6,1mA; Irs = 5,2mA; Iz = 5,1396mA; Pz =
34,95mW.

2.6.10.Bai tap 10
V6i mach ngudn dong nhu hinh vé& sau:
Vee = 12V; B =100; Dz= 6,8V; Rg = 1KQ; Rg = 1KQ.
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+—>+Vcc
R
E
RB
b Q
N. PNP
D
~

I

a)  Ching minh rang dong I; khéng phu thudc vao tai R..

b)  Xac dinh Is, I, Ik, Irs, Iz v cOng suit tiéu tan trén Diode Zener.
Bap an
a) [e=B(Vcc—Vz-V)/[(B+1).Rg]

b) Iz =0,0445mA; I = 4,45mA; It = 4,49mA; Irp = 5,2mA; Iz = 5,2445mA; Pz =
35,66mW.
2.6.11.Bai tap 11
Thiét ké mach bao vé qua ap +10% dién ap ngd vao DC

a) V€ mach nguyén ly.
b) Tinh todn va chon cac dai lugng c6 trong mach.
2.6.12.Bai tap 12
Thiét ké mach bao vé qua ap +10% dién ap ngd vao AC
a) V€ mach nguyén ly.
b) Tinh todn va chon cac dai lugng c6 trong mach.

2.6.13.Bai tap 13

Thiét ké mach bao vé quéa/thiéu ap + 10% dién ap ngd vao AC cua ludi dién
220v/50Hz

a) V€ mach nguyén ly.

b) Tinh toan va chon céc dai lugng c6 trong mach.
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Chuong 3: KHUECH PAI TiN HIEU NHO DUNG BJT

MUC TIEU CUA CHUONG

Trong chuong nay, ching ta khao sat so dd khuéch dai tin hiéu nhé dung BIT, xdy
dung mo hinh BIT tin hiéu nho thong s6 h (hybrid). Ngoai ra, cach thanh lap phuong
trinh duong tai AC (Alternating Current Load line) cling dugc trinh bay trong chuong
nay.

Chuong nay con cung cap kién thirc vé cac dang mach khuéch dai khac ciing nhu cach

ghép cac tang khuéch dai véi nhau.

3.1. SO PO KHUECH DPAI TiN HIEU NHO DUNG BJT

3.1.1. Cac chi tiéu ctia tAng khuéch dai
3.1.1.1. B¢ lgi dién ap
Ay = Vout/Vin
3.1.1.2. B¢ loi dong dién
Ai = lout/lin
3.1.1.3. Tong tré ngd vao:

Puoc xac dinh dua vao dinh luat Ohm

3.1.1.4. Tong tré ngd ra

Puogc xac dinh khi tin hi€u vao vi= 0, khi d0 i = i = 0 nén c6 thé xem la hé mach

ngudn dong. Tong quat:

v
Y

Zy=-
Iy
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3.2. TANG KHUECH DAI E CHUNG (CE)

3.2.1. Dang mach

Hinh 3-1 Mach khuéch dai CE
3.2.2. M hinh mach khuéch dai CE thong s6 h (hybrid)
Phuong trinh ctia mach CE:
Voe = hielp + NreVee.

e = hfeib + hoeVee.

b hie Le
v ‘4—06
1p
—>
hre.vce
hfe.ib 1/ hoe
€5 _ o¢

Hinh 3-2 Mé hinh mach khuéch dai CE théng sé h

Trong do:
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\%
Vy be
hie_ .e h’“e -
ly |ve=0 vce i, =0
h, = =< h, = —<
Je . oe
lb Vo =0 vce i, =0

Céc thong $6 nay dugc xac dinh dya vao dd thi. Trong tinh toan, mot cach gén ding,

cac thong so nay dugc tinh nhu sau:

€o

oe

Hinh 3-3 M6 hinh mach khuéch dai CE théng sé h don gidn

% 26mV ) 26mV
b _ _ 7 _
h, =—= =p 7 =pfr, VO1 1, =
Ly [vee=0 EQ EQ
v i oI i
be ~ _ _ _ _ ~
hre - :0 hfe _C - a.c _ﬂ hOe =— = O
Ve iy =0 Lp |vee=0 Ly ce lj, =0

3.2.3. Théng s ciia mach khuéch dai CE
- Tin hiéu vao va tin hiéu ra léch pha 180°.
- Mach khuéch dai tin hiéu dién ap va dong di¢n, tuc:
Ay = Vout/Vin = 1e.Zout/16.Zin > 1
Ai=1lou/ln =P >1
- Téng tré ngd vao (dugc xac dinh dya vao dinh luat Ohm):
Zin = Rg //h;e.
- Tong tré ngd ra:

=%

Z,

lO Vin=0
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Zouwt = Re¢
3.2.4. Vidu:
Cho mach nhu hinh 3-1: Véi Rg = 560k, Rc =1k, =100, Vcc = 12V.
Xéc dinh diém 1am viéc Q trén do thi duong tai DC. Xac dinh Ay, Ai, Zo, Zin
Giai:
So db tuong dwong thong sb h ciia mach (hinh 3-4 trong trudng hop khong c6 Rg hay
c6 tu CE mac song song Rg va hinh 3-5 trong trudng hop co R)
C1 % 8 C2

. \| |
Wi > >
Zin —>> RB hie @V hfe.ib 2 Rc K— Zout

e
Hinh 3-4 So dé tuwong dwong khéng R
b c
C1 T o C2

. \| R

Vi >k | >
Zin _>> RB hle @/ hfe.ib

> _ é R, &— zout

Hinh 3-5 So d6 twong dwong cé Re
Trong truong hop khéng c6 Re hay ¢6 tu CE mdc song song Re
- Téng trd ngd vao (dugc xac dinh dya vao dinh luat Ohm):

Zin = Rg //h;e.
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- Tong tré ngd ra:

Z, =2 =R

; c
01ly.=0

- 4, _ Vo _kZ _ —i R :_IBRC

vin liZin lbhie hie
ca=d Wz 2y
1 . Vv
lin vin /Zin ZO

Trong truong hop co Rg
- Téng trd ngd vao (dugc xac dinh dya vao dinh luat Ohm):
Zin = Rg//(hic + BRE)

- Tong tré ngd ra:

Z, :‘T_O =R
Lo V,=0
g =Y _ fyZo _ —i R —_ PRc
' vin iiZin ib (hie + ﬁRE) (hie + ﬁRE)
_ Ajzl_oz_vo/zo —_4 Z,
iin vin /Zin ' ZO

3.3. TANG KHUECH DPAI C CHUNG (CQC)

3.3.1. Dang mach

—>Vce
RB
C1 C1
[Vin )I ‘ EQ s [Vin )I
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Hinh 3-6 Mach khuéch dai CC
3.3.2. Mo hinh mach khuéch dai CC thong so6 h (hybrid)

Vi mach CC cua BJT it dugc str dung, nén ¢ day khong xay dung mo hinh. M6 hinh

cua mach CC dya vao mo hinh CE.
Phuong trinh ctia mach CC:
Vbe = hicip + NyeVee.

le = hfcih + hocVec.

Trong do:
v
v be
b =
hic - . - ; hre
l v, =0" Vv
b ec ce li, =0
, [
hooo L Ch, =—
foo . N Vv
Ly [Ve =0 ec |i, =0

3.3.3. Thong s6 ciia mach khuéch dai CC
- Tin hi¢u vao va tin hi¢u ra cung pha.
- Mach khuéch dai tin hi¢u dong dién, tac: A; >1
- Mach khong khuéch dai tin hiéu dién ap, tirc: A, =1
- Tong tré ngd vao:
- Tong tré ngd ra: Zouw =RE //re
3.3.4. Vidu:
Cho mach nhu hinh 3-6b: Véi Rg = 330k, Rc = 1.2k, Re =300, =120, Vcc=12V.
- X4c dinh diém 1am viéc Q trén d6 thi duong tai DC.
- Xac dinh Ay, A, Zo, Zi

Giai:
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So d6 twong duong thong sé h cia mach (hinh 3-7 trong trudng hop khong cé Re va
hinh 3-8 trong truong hop c6 Rc )

b
C1 (0]
- |
[Vin yin

hie

R
e O—=
Zin —» RE ca
é <{K— Zout

Hinh 3-7 So dé twong dwong mach CC khéng cé Rc

b
C1 o

[Vin ) L

hie

Re
Zin —» j é

Hinh 3-8 So d6 twong dwong mach CC ¢6 Re

Téng tré ngd vao (duoc xac dinh dya vao dinh luat Ohm):
Zin = Rg// (hic + BRE)

- Tong tré ngd ra:

_z, =N g, e

I, yo p+1
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g4 =N W2y _ (B+DiR, _ (B+DR; ~
Y, iZ, b+ (B+DiR, b +(B+DR,)

mn mn mn

iy _ i _ %,
'147-_.__-~ (ﬁ+1)RB+[hie+(ﬁ+l)RE]’d0

in b"in

i = Ry
" R, +[h, +(B+DR,]

lin

iy =i,=(B+1),

3.4. TANG KHUECH DAI B CHUNG (CB)

3.4.1. Dang mach

Vcc
g RC

7\
)

B1

- Vcc

{Vout >

Vin |

RBZ

Y
/1
e

R C2
2 B1 —fvour>
C1
[
é C

i

Y
/1
2

SAAY,

B2

7\

T~ T~Q ©

Hinh 3-9 Mach khuéch dai CB
3.4.2. Mo hinh mach khuéch dai CB thong s6 h (hybrid)
Phuong trinh cua mach CB:
Veb = hiple + MrpVep.
ic = hple + hobVe.

Trong do:

|F~AA
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h, = —* ; h, = —¢
” L, Va=0 o Vcbl=0
e hib
. of
e o OC
hrb.vcb
. @thb.ie 1/ hob
b o
Hinh 3-10 M6 hinh mach khuéch dai CB théng s6 h
Bang chuyén doi thong so gitta cac dang mach CB va CE cung BJT
h, = " =~r, VOi , _2omy ,bzw—hmEO
l+h, o 1+h,
/b=_—Ll'@ =-a=-1 h, = e =0
l+h, I+h,
e
I
- ic
hib @D
b o . Ob

Hinh 3-11 Mé hinh mach khuéch dai CB théng s6 h don gian
Thong thuong, transistor loai PNP dugc st dung trong mach khuéch dai méac CB.
3.4.3. Thong s6 ciia mach khuéch dai CB
- Tin hi¢u vao va tin hi¢u ra cung pha .
- Mach khong khuéch dai tin hiéu dong dién, tirc: A; =1
- Mach khuéch dai tin hiéu dién ap, tic: Ay = Vou/Vin = ie .Zou/ ic .Zin >1
- Tong tré ngd vao: Zin = Rk //hip

- Tong tré ngd ra: Zouw =Rc
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3.4.4. Vidu

Cho mach nhu hinh 3-9b: Vi R =47k, Rz = 10k, Rc =1k, Rg =200, 3= 100, Vcc
=12V.

V& d6 thi duong tai DC va AC. Xac dinh Ay, Ai, Zo, Zi
Giai:

So d6 twong duong thong sb h (hinh 3-12 ¢6 tu Cb, hinh 3-13 khong c6 tu Cb)

C1 CC) Cc2
) >
Zin = R. < hib » é R. & zou

b O

Hinh 3-12 So do twong dwong mach CB c6 Ch

: \| +|
[Vin yie |

Hinh 3-13 So do twong dwong mach CB khéng c¢6 Cp

Céc thong sd Av, Ai, Zin, Zo tinh twong ty nhu cac trudng hop trén.
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3.5. PUONG TAI AC

3.5.1. Khai niém

Khi Transistor 1am viéc, ngoai ngudn dién mét chiéu (DC) anh huong dén diém
lam viéc thi BJT con chiu anh huéng boi ngudn xoay chiéu do tin hiéu can khuéch
dai. Tin hi€u nay lam diém lam viéc Q khong con 6n dinh nhu lac chua c6 nd. Su
dich chuyén diém Q nay lam cho tin hiéu khuéch dai c6 thé bi xén. Piém Q luc nay
nam trén ca 2 dudng tai: Mot dudng do tin hiéu 1 chiéu (DC) va mot duong do tin

hiéu xoay chiéu (AC) tao nén, hai duong tai nay cit nhau tai diém lam viéc Q.

Tuong ty nhu phan tich tin hi¢u mdt chiéu, khi céip tin hiéu xoay chiéu thi cac

chan BJT chiu d@)ng thoi vé dién ap va dong di¢n cua ca 2 tin hiéu. Do do:
1B = Ig +ip
ic = Ic +He
VcE = VCE + Vee
(cac chi s6 chit thudng va nho chi tin hiéu xoay chiéu)
3.5.2. Phwong trinh dwong tai AC

Khi xét tin hiéu xoay chiéu thi tin hiéu 1 chiéu xem nhu nbi tat. Dé viét phuong

trinh duong tai AC ta dwa vao phuong trinh ngd ra ciia mach chi véi tin hiéu AC.
ic(Rc + Rg) + vee =0
(néu mach khong cé tu Cg, Rt)
i(Rc // Re) + vee = 0 (%)
(néu mach co Rt, khong c6 R hay c6 tu Ck méc song song Rg)
ic[(Rc // Rt)+ Rg] + vee =0
(néu mach co Rt, ¢6 Rg, khong c6 tu Ck)
ic =ic - Icq
Vee = VCE - VCEQ

Thé vao (*) ta co:
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1

G. -1, )= -— %
© (R. I/R,)

OV —V cro ), hay:

1 1
ip=—————*v  +—————*V  + 1
© (R.MR) T (R.MR) T

Day 1a phuong trinh duong tai AC, cach vé duong tai AC cling twong tu nhu DC.

3.6. MOT SO MACH KHUECH DPAI KHAC

3.6.1. Mach khuéch dai Darlington

3.6.1.1. Dang mach

"N Q1 » OB—I; Qdar

Q2

El =
Hinh 3-14 Mach khuéch dai Darlington

3.6.1.2. Thong so ciia mach
Ig=1Ip:
Ic =Ic1 + Ic2 = Br.Ie1 + P2.In2
= B1.Is1 + B2.Ie1=Pr.Is1 + B2(B1 + 1).Is1
=(B1+ P2+ B B2).Is1=(B1 + P2+ P1. B2).Is
bat B =(B1 + P2+ P1. B2) ta co:
Ic=P.Is

[g=Ilc+Ig=P+1).Ie

98



Sdach hwong dén hoc tap Dién twr tuong tu

Nhan thay quan hé cta cac dong dién Ic, Ik theo I gidong nhu truong hop Transistor
don. Vi vay, khi ghép 2 Transistor cho ta mot Transistor twong duong cung loai c6

cac thong s6 nhu sau:
B=(B1+P2+P1.p2)
Usge = Uk + Usr2) = 1,4v
Uck = Uck)

3.6.2. Mach khuéch dai vi sai

3.6.2.1. Dang mach

C1 C2
C1 C1

m Q1 -Q2 @

Hinh 3-15 Mach khuéch dai vi sai

3.6.2.2. Thong sb ciia mach

Thong thudng, khi mach khuéch dai mac kiéu nay thi Q1 = Q2; Rci = Rez; Re =
2REe1 = 2Rpo.

Luc nay, mach trén dugc xem la 2 mach giong nhau vé cac thong so. Ta tinh todn cho

1 mach r6i suy ra mach con lai.
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3.7. PHUONG PHAP GHEP CAC TANG KHUECH DAI

3.7.1. Ghép tang bang tu dié¢n

3.7.1.1. Dang mach

R
c2
RB l RC1 RB1 2

Q2

2

Vou

éRt

Vin R
B2
6’ jRH 2 jRE?

C
|
I\

7\

C
M _ V' at
/1 N

Hinh 3-16 Ghép tang bdng tu dién
3.7.1.2. Pic diém cia mach
Dé dang tinh toan phan cuc giita cac ting khuéch dai.
D& ndi mach.

Bi gi¢i han tan s6 boi tu dién lién lac C.
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3.7.2. Ghép tang bang MBA

3.7.2.1. Dang mach

+VCC

i

™

L

2
VIQ1
Vin
E\" }RE1

Hinh 3-17 Ghép tang bang MBA

~0

R
B2
§ jREz

3.7.2.2. Pic diém ctia mach
Viéc tinh toan gitta cac ting khuéch dai gap kho khan.
Mach céng kénh, dit tién.

Phéi hop duoc tro khang giita cic tAng nhd may bién ap.
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3.7.3. Ghép tﬁng truc tiép

3.7.3.1. Dang mach

=

R
R l R R 2 C2
B of B1

Q2

Vou

¥ \

Q1

Vin R
B2
6" jRH 2 jREZ

et
¥ \

Hinh 3-18 Ghép tang truc tiép
3.7.3.2. Pic diém cta mach
Mach don gian, d& lap rap.

Phén cuc giita cac ting kho khan, viéc phdi hop tré khang giita cac ting kho thuc

hién.
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3.8. TANG KHUECH DAI CONG SUAT

3.8.1. Tang khuéch dai cong suit ché dp A

+Ucc

ov

o1

L

Hinh 3-19 Mach khuéch dai I6p A

3.8.1.1. Piac diém

Nhu & céc bai trude chung ta phan cuc cho transistor d6 chi 1a diéu kién cho viéc
khuéch dai mot tin hiéu nao d6 vé dién. O phéan cuc 16p A nguoi ta phan cuc sao cho
diém lam viéc Q nam trong ving khuéch dai va diém Q nam cang gan giita duong tai
cang t6t, diéu nay lam cho tin hiéu can khuéch dai cang t6t. O day chung ta khao sat
mach khuéch dai E chung va phéan cuc theo dang dung cau phan ap nhu hinh 3-19.

1 Ic(mA)
Ic

AN
\

Ve A% {/CE( V)

Hinh 3-20 Tin hiéu mach khuéch dai lop A
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Trong phan nay ta qui uc cac chir V hay I chi dién ap va dong phan cyc DC, con
v va i chi 4p va dong AC (tin hiéu). Khi d4 c6 tin hiéu vao thi trén transistor xuat hién
cung lc hai thanh phan DC (phan cyc tinh) va AC (tin hiéu).

Khi chua c6 tin hiéu vao, chi xét phén phan cuc tinh thi diém Q coi nhu nam gitra
duong tai (diéu kién ti uu), khi d6 Q c6 toa do 1a Q(VCC/2;VCC/(2.RC)).

Khi ¢6 tin hiéu vao, dé dé khao sat ta gia st tin hi€u vao c6 dang hinh sine, dong
iB t6ng (go6m DC va tin hiéu) s& bién dbi theo tin hi¢u dan dén diém Q ciing thay d6i
vi tri trén dudng tai cling c6 nghii 1a dién ap vCE ciing bién doi theo sy bién doi cua
tin hi€u nhung nguoc pha vai tin hi¢u vao vi khi vin tang thi ib tang — ic tang — vce
giam va nguoc lai. Dé rd hon ta khao sat biéu d6 dang séng sau:

Trong trudng hop ndy ta bo qua dién ap VCE khi bdo hoa 1a 0,2V va diém Q
nam giira duong tai. RS rang tir tin hiéu vao rat nho lam cho ngd ra c6 tin hiéu kha
16n c6 dién 4p dinh-dinh chinh bang VCC ( khi cé ché do khuéch dai hop 1y). Dong
IC ciing vay c6 gia tri dinh-dinh(Ip-p) chinh bang VCC/RC. khi tin hiéu vao 16n ma
dién ap phan cuc VCC nho sé& dan dén hién tuong hai dau cua tin hiéu sé bi cit nhu

hinh 3-21:

A Ic(mA)

Iem

Vee/2 Vee Vee(V)

Hinh 3-21 Tin hiéu mach khuéch dai [6p A bi xén

Hoic khi diém Q khong dugc phan cuc ding gitta dudng tai thi c6 kha ning dang
song ngd ra bi cat mot ban ky nhu hinh 3-22
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Vee Ver(V)

Hinh 3-22 Tin hiéu mach khuéch dai [6p A bi xén ban ki
Nhu vay ddi véi ché do 16p A néu c6 mot ché do phan cuc hop 1y va tin hiéu ngd
vao vira du voi VCC thi tin hi€u ngd ra s€ khong bi méo. Nhung trong truong hop
nay trong transistor ludn ton tai dong phan cuc IC kha 1én mic du tin hi¢u c6 hay
khong, nhu vay transistor luon tiéu tdn mot nang lugng vo ich, do d6 hi¢u suét khong
cao. Nguoi ta tinh hiéu suat cho 16p khuéch dai nay cao nhat 1a 25%.

Nhu noi 6 phén phan cuc 6n dinh nhiét nguoi ta dung mdt dién tré RE dé hoi
tiép 4m nham 6n dinh diém 1am viéc Q. Khi méc RE thi tinh 6n dinh ting 1én nhu hé
s6 khuéch dai 4p AV giam xudng. Khi mic RE binh thudng thi RE déng vai trd hdi
tiép dién 4p DC va hoi tiép ca tin hiéu (dién AC). Hoi tiép DC dé on dinh diém Q thi
hop 1y nhung dbi véi tin hiéu thi khong can hoi tiép (nham dé cho kha nang khuéch
dai tin hiéu 16n), dé lam diéu ndy nguoi ta mac thém mot tu dién CE song song véi

RE nhu hinh 3-23.
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+—>Vcce
RC
R C2
c1 § o>
Vin )| [ a
/1 N
éRBZ

it T

Hinh 3-23 Phén cuc on dinh mach khuéch dai

Khi ¢6 tu Ce nhu hinh v&, tin hiéu s& qua tu xuébng GND ma khong bi hdi tiép vé

do d6 hé sb khuéch dai duoc cai thién (16n hon so vai khi khong c6 Ck)
3.8.1.2. Thong s6 ctia mach khuéch dai 16p A

Piém Q nam giita dudng tai.

Hiéu sut thap: n < 25%
3.8.2. Tang khuéch dai cong suit diy kéo ché dd B va AB cé bién ap
3.8.2.1. Pic diém

Pé nang cao hiéu sudt nguoi ta con dung phwong cach khuéch dai 16p B, ¢ cach

nay nguoi ta phan cuc sao cho diém lam vi¢c Q nam trong vung tat.

Nhu vay khi chua cé tin hiéu transistor hoan toan khong 1am viéc(transistor tt)
do do6 khong c6 dong Ic qua transistor. Khi c6 tin hi¢u vao, ban ky duong cua tin hi¢u
s€ phan cuc cho transistor va transistor lam vi¢c, & ban ky am cua tin hi¢u transistor
duogc phan cuc nguoc mbi ndi BE nén transistor & trang thai tat. Nhu vay transistor

tat trong sudt ban ky am cta tin hiéu hinh 3-24 dudi day cho thay diéu nay.

106



Sdach hwong dén hoc tap Dién twr tuong tu

A Ic(mA)

ICmax

Icq

Ve Vee {/CE(V)

Hinh 3-24 Tin hiéu mach khuéch dai l6p B
Mot diéu luu ¥ khac: vi diém 1am viéc nam & ving tat nén & ban ky duong
transistor chi dan duoc khi bién do tin hiéu 16n hon 0,7V, véi dién 4p nay diém Q
dugc dua tir viing tat sang ving khuéch dai. Nhu vy & ban ky duong tin hiéu ngd ra
bi méo trong thoi gian chd tin hiéu 1én du dién ap cho transistor dan, dé khic phuc
hién tugng méo nay nguoi ta st dung phuong phap cho transistor lam viéc & ché do

khuéch dai 16p AB.

Trong 16p khuéch dai ndy nguoi ta phan cuc sao cho diém lam viéc Q sao cho nim
& ving giap ranh gitta viing tat va ving khuéch dai nham dé khi c6 tin hiéu vao
transistor 1am viéc & ché do khuéch dai ngay ma khong phai cho dién ap tin hiéu 1én
du 0,7 V. Piéu nay loai trir dugc hién tugng méo nhu ¢ 16p B. Dé transistor 1am viéc
& vi tri nay nguoi ta thuong mac mot diode vao giita hai chan B va E cua transistor

nhu hinh 3-25
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+—>Vcc
R
2 RB c C2
o
\| Q
D

Vin ]|

w

DIODE

Hinh 3-25 Phén cuc mach khuéch dai [6p AB

Diode trén ghim mot dién ap 0,7V da lam cho transistor roi vao trang thai ngudng
dan dé ch¢ tin hiu.

Dang séng ngd ra nhu hinh 3-26 cho thay tin hiéu ngd ra cia mach khuéch dai

\Q
< Vce \

lam viéc ¢ 16p AB.

4
ICmax

{/CE(V)

Hinh 3-26 Tin hiéu mach khuéch dai [6p AB
Trong khuéch dai diéu can thiét 14 tin hiéu ngd ra phai hoan toan giéng tin hi¢u
ngd vao chi ¢6 diéu 1a phai khuéch dai 16n hon. Nhung rd rang & ché d6 khuéch dai

16p B hay AB déu chi khuéch dai mot ban ky con mot ban ky thi khong co tin hiéu
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ngd ra. Pé khic phuc van dé nay nguoi ta st dung phuong phap khuéch dai day kéo

nhu trinh bay & phan sau.
3.8.2.2. Thong sb ciia mach khuéch dai 16p AB

Transistor chi dan ban ki tin hiéu ngd vao.

Piém Q nam giita ¢ bién gi6i ving tit va din.

Hiéu sut thap: n = 78%.
3.8.3. Mach khuéch dai cong suit day kéo khong dung MBA
3.8.3.1. Dang mach

+VCC
Rc1

B1

Q1

C3
'—l % = Voul
D2
Q2

Vin@ _32I § E Rt

5

F \

D1

Hinh 3-27 Mach khuéch dai ddy kéo
3.8.3.2. Hoat dong

Qua hai di¢n tr¢ RB1 va RB2 dién ap roi trén hai diode 1a 1.4V du lam cho hai
transistor hoat dong & ché d6 AB, tuc diém lam viéc QcuaQl vaQ2 déu nam & vung
ranh cua ving khuéch dai va viing tat. O ban ky duong cua tin hiéu Q1 hoat dong, Q2
tat xuat hién dong di qua RC1 — Q1 — tu C3 — RL — GND. Ty C3 dugc nap dién
(duong di ctia dong dién nhu hinh v&). O ban ky 4m cua tin hiéu Q1 tat, Q2 hoat dong,
ngudn VCC khong cap dién cho Q2 duoc, lic nay tu C3 dong vai trd nhu ngudn dién
VCC d6i voi Q2. Ty xa dién qua Q2 — RC2 — GND — ban cuc 4m cua ty, dong

dién di nhu hinh vé.
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Nhu vay toan bd chu ky tin hi¢u déu duogc khuéch dai dua dén ngo ra. Hai tu C1
va C2 1am nhiém vu loc tin hiéu (nhiéu va thanh phén DC cua tin hi¢u) ngoai ra n6
con ngan can thanh phan DC, khong cho dong dién tir VCC di vao ngudn tin hiéu
(néu hién tuong ndy xay ra thi s& khong c6 dong phan cuc DC). Néu khong c6 hai
diode nhu trén (phan cuc 16p B) thi tin hiéu ra s€ bi méo vi transistor phai can dién
ap tin hiéu dé phan cyuc, méo nay dugc goi 1a méo xuyén tim. Hinh 3-28 sau cho ta

thay thé nao 1a méo xuyén tam.

VE 4

Hinh 3-28 Hién tuong méo xuyén tam
3.9. BAITAP

39.1. Baitap1
Mach khuéch dai méc E chung nhu hinh

* =\Vcc
R
R, o
o1
[Vin )I . Q

ERE ~T~ C3

Véi Re = 470kQ; Rc =1kQ; RE = 200Q; f= 120; Vce = 12V. Bd qua anh hudng tré

khéng cua tu dién.
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- X4c dinh diém 1am viéc Q trén do thi dudng tai DC va AC.
- Xac dinh A, Ai, Zo, Zin
Giai:

So d6 twong duong thong sb h ctia mach

b c
Cf o Cc2
vin—>— | I (- fvou>
/l+ |
Zin _>> RB hie hfe.ib é RC<<_ Zout
eO

- Téng tré ngd vao (dugc xac dinh dya vao dinh luat Ohm):
Zin = Rg //hic.

- Tong tré ngd ra:

v
_ 20 _
Zo - _Rc
lo V,=0
-4 _ Yo _ L2 _ TR __:BRC
v = = = . =
vin lizin lbhie hie
cgho Iz 2
i — . = 14
lin vin/Zin ZO

3.9.2. Bai tap 2
Mach khuéch dai méc C chung nhu hinh
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—>\Vcc
RB
C1
- Y Fa
[V
_ N o

—

Vi Rg = 330kQ, Re = 1.2kQ, =120, Vcc = 12V.

- X4c dinh diém 1am viéc Q trén dd thi dudong tai DC va AC.
- Xac dinh A, Aj, Zo, Zin
Giai:

So d6 twong duong thong sb h cia mach:

b
C1 o

—0o0

[Vin )

hie @hfe.ib

Rs
e O—=
Zin —» RE c2
é <<— Zout

Téng tré ngd vao (duoc xac dinh dya vao dinh luat Ohm):

Zin = Rs// (hic + BRE)
- Tong tré ngd ra:

_z, =Nl g gyt

I, yo p+1
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g =2 iWZy  (B+DiR, _ (B+DR;
v

v i,Z, i +(B+DiR,  h +(B+DR,)

mn mn mn

.. R,

4= B (g
in b%in
i = Ry
" R, +[h, +(B+DR,]

lin

Iy =1, = (/8+1)ib

3.9.3. Bai tap 3

, do
Ry +[h, +(B+DR,]

Mach khuéch dai mic B chung nhu hinh

=>Vcc
R

"

[t

Vi R =390kQ, Rc=1kQ, Rg =200, B= 100, Vcc = 12V.

- X4c dinh diém 1am viéc Q trén dd thi duong tai DC va AC.

- Xac dinh Av, Ai, Zo, Zin
Giai:

So dd tuong duong thong sé h

Vin

C
C2
—{vou>
C1
[
\

=~ cb ER
E
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e c
C1 T o C2

: \| |
[Vin /|+ | | Vout >

Zin = R. < hib . éRC K— Zout

bO

Céc thong sd Av, Ai, Zin, Zo tinh twong ty nhu cac trudng hop trén.

3.9.4. Bai tap 4
Cho mach khuéch tin hiéu E chung nhu sau
Vee =12V; B=100; Rp; =430KQ; Rz =220KQ; Rc = 2KQ; Rg = 1KQ; R = 1KQ;
C1=C2 = 10uF; Cg = 100pF.

+—{>\Vcc
IR Vo>
- \| Fa
Vin_ > N
SRe [ 1 SR
RE /\CE

a) Tinh tré khang cua cac tu Ci, CO va Cg ddi v6i thanh phan tin hiéu c6 tan s6 f =
10KHz.

b) V& dudng tai DC va AC. Xac dinh diém 1am viéc tinh Q cta Transistor.

c) Tinh téng tré vao Zin, téng tro ra Zo, d0 loi dong Ajva do loi 4p Ay cua t?mg

khuéch dai (b6 qua anh hudng trd khang cua tu).

d) Gia sir tin hiéu (vin) c6 dang sine véi Vin = 0,1 (Vp), v& do thi quan hé gitta vo va

Vin.
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Dap an:
a) Zci=Zo~1,59Q. Zce = 0,159Q.
b) Q(7,91V; 1,36mA).
c) Zin=1,8KQ; Zo=2K; Ai~-65,84; Av ~-36,58.
d) Tin hiéu ra nguoc pha so véi tin hi€u vao va c6 tri dinh Vm =~ 1,829V.

3.9.5. Baitap 5
Cho mach khuéch dai tin hiéu nhu hinh v& sau
Vce =20V; B =100; Rg =430KQ; Rc=2KQ; Rg = 1KQ; R(=1KQ; C1 =C2
= 10uF; C3 = 100pF.

Vcc
R
RB c Cc2
C1 I) I ( IVout >
Q

. \|
Vin_>—)— N

a) V& duong tai DC va AC. Xéc dinh diém lam viéc tinh Q cua Transistor.

b) Tinh tong tré vao Zin, Tong trd ra Zo, d6 loi dong Ai va d6 loi 4p Av cua tang

khuéch dai (b6 qua anh hudng trd khang cua tu).
Dap an:
a) QOV;3,63mA).

b) Zin=707Q; Zo =2K; Ai=-66,56; Av=-95,2.
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3.9.6. Bai tap 6

Cho mach khuéch dai tin hiéu nhu hinh v& sau

+\VCC

B1 Cc

C1
\ Q1
),

I Cc2 Vout
D" % .

Véi Re1 =39KQ, Rp2 = 12KQ, Rc =100Q, R = 2KQ, =100, Vec =12V; Cl
=C2=10uF

a/ Xéac dinh diém Q trén dudng tai DC va AC.

b/ Tinh Av; Ai; Zin; Zo cua mach (bd qua anh huong tré khang cua tu).
Dap s6:
a/ Xac dinh diém Q (9,9V, 1mA).

b/ Zin = 8,8KQ ; Zo = 26Q; Av =2/2,026 ~ 1; Ai = 4,3;

3.9.7. Baitap 7

Cho mach khuéch dai tin hiéu nhu hinh v& sau
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+VCC

Véi Rg = 270KQ; Rc = 100Q, Rg = 2KQ, Rt = 1K; B =100, Vec = 12V; Cl =
C2 =10puF

a/ Xéac dinh diém Q trén dudng tai DC va AC.
b/ Tinh Av; Ai; Zin; Zo cua mach (bd qua anh huong tré khang cua tu).
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Chuong 4: TRANSISTOR TRUONG

MUC TIEU CUA CHUONG

Trong chuong nay, chung ta tim hiéu Transistor don cuc: Phan loai, phan cuc, cac
ché d6 1am viéc cua FET. Ngoai ra, cach viét phuong trinh dudng tai tinh (Puong tai
DC) ciing dugc trinh bay trong chuong nay.

Chuong nay ciing so sanh giita BIT va FET va tung dung cta FET trong viéc khuéch dai
tin hi¢u AC.

4.1. TRANSISTOR TRUONG — JFET

4.1.1. Cau tao

JFET(JUNCTION FIELD EFFECT TRANSISTOR) 1a linh kién ban dan 3 cuc ¢
ciu triic va ky hiéu cia JEET kénh N va JFET kénh P nhu hinh 4-1.

Mang - Drain(D)

Mang - Drain(D)
l // Kénh N // Kénh P
— 1 | — 1 1|

Cobng - Gate (G) Céng - Gate (G)

) )

Vung nghéo

Vung nghéo
Nguén - Source(S)

G ¥ G t In
Vas Vas
S S

Hinh 4-1 Cdu triic va ky hiéu ciia JFET kénh N va JFET kénh P.

118

Nguén - Source(S)



Sach huong dén hoc tap Dién twr tuong tu

4.1.2. Hoat dong

Do c6 2 loai JFET nén dé giai thich nguyén tic hoat dong co ban cia transistor
truong ta dung JFET kénh N.

Thanh phan chu yéu trong cdu triic 13 16p ban dan N hinh thanh mot kénh dan
nam chinh gita 2 16p ban dan loai P. Pinh trén cta kénh ban din N dugc ndi véi
dién cuc va dua ra ngoai tao thanh mét cuc 1a D (Drain: cyc méang), phia bén dudi
tao thanh mot cuc 1a S (Source: cuc ngudn). Hai 16p ban din loai P dugc ndi chung

v&i nhau tao thanh mét cuc 1a G (Gate: cuc céng).

4.1.2.1. Truong hop VGS =0, VDS co6 gia tri duong

—F
D v Ip
//Kél’th

|
P = Voo
Oﬁl TK T

&’

| w»
|

Hinh 4-2 Hoat dong cua FET khi Vss=0

Ngay khi c6 dién ap Vpp = Vps, cac dién tir s& di chuyén tir cuc ngudn S dén
cuc mang D, thiét 1ap nén dong dién Ip voi chiéu dugc x4c dinh nhu hinh 4-2. Dong
dién chay vao cuc D cling chinh la dong di¢én chay ra khoi cuc S, két qua duoc Ip =

Is.

Ta thay rang ving nghéo rong ra ¢ gan dinh cta 2 16p ban dan P do tiép giap
PN bi phéan cuc nguoc sudt ca chiéu dai cia kénh va két quia dong dién I = 0.

Khi dién 4p Vps tang tir 0 Volt dén vai Volt, dong di¢n s€ tang va xac dinh theo
dinh luat Ohm va két qua vé dugc dong dién Ip theo Vps nhu hinh 4-3.
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4 Ip
Cacmuc béo hoda
Ipss
. = e A Vgs= 0V
biéntro tang phu thudc
vao kénh dan hep
- Diéntré cia kénh dan
0 ¥
VP VDS

Hinh 4-3 Quan hé dong dién voi dién ap

Khi Vps ting va dat dén gia tri Vp, cac ving nghéo trong hinh 4-4 s rong ra

lam gidm do rong cua cua kénh dan. Viéc gidm kénh din 1am cho dién tré kénh ting.

AL B
D Biém that kénh
/ (Pinch off)
d
4
. \ Ip PF. “
G , , Z=V
"D5="P7_£ bp
Vs =0V
L __|
_ e
S s

Hinh 4-4 Quan hé dong dién voi dién ap khi dién dp tang

Néu Vps ting dén gia tri V, lam 2 viing nghéo dung vao nhau — diém dyng nhau
nay goi la diém that kénh (Pinch off). Gia tri di¢n ap Vps thiét 1ap nén diém thét goi
1a dién ap that ky higu 1a Vp .

Khi Vps tdng vuot qua mot gia tri ciia Vp, diém thét s& daira nhung dong Ip van
khong d6i. Do d6 6 thé néi khi dién ap Vps > Vp thi JFET c¢6 dic tinh nhu mdt ngudn
dong. Hinh 4-5 trinh bay mot ngudn dong ¢b dinh Ip = Inss nhung dién ap Vps duogc

xac dinh boi dién ap tai cung cap.

120



Sach huong dén hoc tap Dién twr tuong tu

tai

S}
.
2
s
3

Hinh 4-5 FET ¢6 ddc tinh nhw nguén dong

Ky hiéu Ipss chinh 1a dong dién tir cuc mang D dén cuc ngudn S trong trudong

hop ngan mach (Short) G-S. Quan sat dudng cong dic tinh cho ta thay:

Ipss la dong dién cwc mang cuc dai cua JFET va dwoc xac dinh boi diéu kién
Vas= 0 va Vos >/Ve/

Luu y trén hinh 4-3, di¢n 4p Vs = 0 trén toan bd duong cong cua déc tinh .

4.1.2.2. Truong hop VGS <0, VDS ¢6 gia tri duong:

Dién 4p giira cuc G va cuc S ky hiéu 13 Vs chinh 1a dién 4p diéu khién cia
JFET. Néu nhu cac gia tri khac nhau ctia dudng cong dong dién Ic theo Vcr dugc
thiét 1ap tir cac gia tri khac nhau cua dong Is d6i v6i BIT, thi dbi voi JFET, dudng
cong cua dong dién Ip theo Vps dugc thiét 1ap tur cac gia tri khac nhau cua dién ap

Vas.

+
D ‘ o
Kenh N
Ig= OA +
.— | _é
Vbs —;TVDD
Vgs=-1V _
mE
S _

Hinh 4-6 Hoat dong cua FET khi Vgs=-1V.
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Trong hinh 4-6, mot dién ap am (—1V) duoc cung cip cho cuc GS. Anh hudng cia
dién ap phéan cuc (-Vas) dén viée thiét 1ap cac ving nghéo giéng nhu khi Vgs = 0V,
nhung gi4 tri ctia Vps khi xay ra hién tuong that kénh bay gio s& nhé hon V, (do 2 tiép
giap PN bi phan cuc nguoc nén ving nghéo duoc néi rong hon). Két qua cia viée cung
céip dién &p am phan cuc cho GS, dé dat gia tri bao hoa tai muc thép cua dién ap Vps
duogc trinh bay trong hinh 4-7, (v6i gia Vgs =-1V). Dong dién bao hoa Ip s€ giam va
s& tiép tuc giam khi Vgs cang 4m. Ta thay dién ap tai diém that giam theo duong cong

parabol khi Vgs am va cang am.

Tém lai: Gia tri cia dién &p am Vgs lam cho dong Ip = OmA dugc xac dinh khi

Vs = Vp, d6i v6i JFET kénh N thi Vp 1a 4m va ddi voi JFET kénh P thi Vp 14 duong.
4.1.2.3. Pién tré dugc diéu khién boi dién ap

Ving bén trai ctia diém that trong hinh 4-7 duoc xem nhu ving dién tro diéu khién
boi dién ap. Trong ving nay JFET thuc su ¢6 vai trd nhu 1a mot bién trd (c6 thé sir dung
cho hé thdng tu dong diéu khién do6 loi) ma gia tri dién tro co thé duoc diéu khién boi
dién ap cung cap Vs. Ta thdy trong hinh d6 ddc cia timg dudng cong va do d6 dién tré
cua JFET gitra cuc D va S khi Vps < Vp la mot ham cia Vgs. Khi Vgs tré nén am hon
thi do doc ctia dudng cong trd nén nim ngang tuong tng véi cac mic dién tro dang tang.

uo

VGS 2

1—-GS
( v,

Phuong trinh sau s€ cho phép tinh gia tri dién tr¢ theo dién ap Ves: r, =

Trong do 1o 1a dién trd khi Vgs = 0V va rq 1a dién trd tai mot gid tri xac dinh cta Vgs.

Pbi véi BIT dong dién ngd ra Ic va dong dién diéu khién ngd vao Is c6 mbi
quan h¢ véi nhau theo hé s6 B va né dugc xem l1a hing s6. 1. = £ (1,) = BI,

B la hing s6 con Ip la bién diéu khién. Phwong trinh trén dién ta moi quan hé tuyén

tinh giita dong dién Ip va Ic. Con doi véi JFET thi moi quan hé giita dong dién Ip va

2
Vs dwoc xac dinh boi phwong trinh Shockley: 1, =1 ( —%}

P
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Vgs =0V
Vgs =-1V
Vgs =-2V
Vgs =-3V Ves=-4V=Vp
A

»
»

Vs

Hinh 4-7 Pdc tuyén V- A.

Dau mil 2 trong phuong trinh cho thdy mdi lién hé giita Ip va Vs la khong tuyén

tinh, tao ra mot duong cong Ip tang theo ham mi khi tdng gia tri ciia Vgs.
4.1.3. Pac tinh cia JFET

Céc dudng cong dic tinh truyén c6 thé cé dugc bang cach khao sat phuong trinh

Shockley.

ID( mA) A ID(mA)

Ipss -#--8 Vgs =0V
71
6 0
5 4q I
4o .' Vas =-1V
3 3 / '
oy ) Vgs =-2V

Vas(V) 1 Y7 Vgs=-3V  Vgs=-4V
P v/:"’ £ >
4. -3 21 00 Ve Vbs

Ip =0mA Vgs=-Vp
Hinh 4-8 Ddc tuyén truyén dat va ddc tuyén ngé ra cia JFET kénh N.
4.1.4. Céc thong so ciia JFET
* Pién &p cuc dai.
* Dong dién cyc dai.
= (Cong suit tiéu tan cuc dai P, =V, 1, .

» Va cac thong s6 doi voi Vgs va Vps.
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Céc thong s6 duogc xac dinh trong ) tay tra ciru linh kién dién ta.

4.2. PHAN CUC CHO JFET

4.2.1. Mach phan cwc cwe ngudn
Tuong ty nhu mach phan cyc dinh dong cuc B, mach phan cuc cuc ngu@)n cho

JFET duogc trinh bay trong hinh 4-9. Ngudn -VG chinh 14 nguén Vgs. Str dung cong

2
thiue 1, =1, [1 —%} , ching ta c6 thé tinh duoc In ( Vi Vpp, Rp di ¢6). Khi da co

P

Ip, Vs co thé duogce tinh nhu sau: Vps = Vob - IpRp

VDD

Q1
FETN

VG —=
Hinh 4-9 Mach phan cuc cuc nguén
4.2.2. Mach ty phan cuc

Mach tu phan cuc thay thé nguén Vs tai cuc G bfmg mdt dién tr¢ nhu trong hinh 4-

10.
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Q1
FETN

g e fs

Hinh 4-10 Mach tu phan cuc

Ngoai ra ta cling ¢ thé thyc hién mach phan cyc bang cau phan p nhu dbi

v6i1 BIT nhu hinh 4-11.

Hinh 4-11Mach phén cyc ding cau phan dp
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4.3. SO SANH GIUA BJT VA JFET

Su khac nhau co ban giita 2 loai transistor 1a: BJT 1a linh kién duoc diéu khién
bang dong trong khi 6 JFET 14 linh kién dugc diéu khién bang ap. Ngoai ra dong

dién Ic 1a ham cua dong Is con dong Ip cua JFET 1a ham cta Vgs.

Néu nhu BJT ¢6 2 loai 1a NPN va PNP thi JFET ciing c6 2 loai JFET kénh N va
JFET kénh P. Tuy nhién diéu quan trong can phai luu y 1a BJT 14 linh kién c6 cuc
tinh (bipolar: ludng cuc), trong d6 dong dién 1a dong cua cac hat tai da sb: dién tir va
16 tréng. Con JFET 1a mot linh kién khéng c6 cuc tinh (unipolar) hay con goi 1a don

cuc, dong tai 1a dong cac dién tir (kénh N) hodc céc 15 tréng (kénh P).

Mot trong nhing dic tinh quan trong nhat ctia JFET 1a téng trd vao rat cao.
Téng trd vao ctia JFET c6 thé dat t&i vai traim MQ, 16n hon rat nhiéu dién tré vao cta
BJT, day chinh 1a mot dac tinh quan trong cua JFET trong thiét ké cac hé théng
khuéch dai AC tuyén tinh. Tan s6 hoat dong ctia JFET cao hon BJT.

Nguoc lai transistor BJT c6 do nhay cao hon vé su thay ddi tin hiéu cung cép
ngd vao. Su thay ddi dong dién ngd ra cua BJT thuong 16n hon nhiéu so v6i JFET
véi cung mot dién ap tin hiu vao. Chinh vi Iy do nay ma d¢ l¢i dién ap trung binh
ctia mach khuéch dai BJT 16n hon JFET. Thuong thi JFET c6 d6 6n dinh nhiét cao
hon BJT va JFET c¢6 cau trac nhé hon BJT nén rat thich hop cho viéc ché tao IC.

C
Ic= Bl
eon w s
Is | Io=0A
—> | .BIT G .__’_.FET

V= 0,7V [l Ie Is

E

Hinh 4-12 So sanh giita BJT va JFET.

Cdc phuong trinh cua JFET va BJT dwoc xdc dinh nhu sau:
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JFET BJT
2
J. =] 1_Q I :M
D — *DSs VP P B RB
ID=IS = ICEIE
1. =04 - V,, =07V

4.4, MOSFET KENH CO SAN (D-MOSFET: DEPLETION MOSFET)

4.4.1. Céau tao, Ky hiéu

Céu tao cia MOSFET (METAL OXIDE SEMICONDUCTOR FET) hoic IGFET

(ISOLATED GATE FET) la transistor trudng c6 cuc ctra cach ly kénh N dugc trinh bay
nhu hinh 4-13.

Si02 SiO;
Kénh N Kénh P
N P
A/ /

4 .
N| DeP PéN
I O 55 p

i Meta i

Hinh 4-13 Cau tao D-MOSFET

-

SS

Ky hiéu cia MOSFET — hodc IGFET ¢6 cuc ctra cach ly kénh N dugc trinh bay nhu
hinh 4-14.
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D D
G G
SS SS
S S
D D
G G
SS
S S

Keéenh N Kénh P

Hinh 4-14 Ky hiéu cua D-MOSFET kénh N va P

Lép ban dan nén loai P hay N duoc ndi ra ngoai tao thanh mdt cyuc tinh c6 tén la

SS (Substrate) — cuc dé, cuc D va cuc S duogc két ndi dén 16p ban dan loai N hay P.

Cuc G duoc ndi dén bé mat tiép xtic kim loai nhung duoc ngin cach véi 16p ban dan

kénh N hay P béng mdt 16p dioxide silicon (Si0.). SiO; 1a mdt vat li¢u dac biét cach
dién dugc xem nhu 1a chat dién moi.

Khong co sy két ndi dién truc tiép gitra cuc G va kénh dan cia MOSFET. Lop

cach dién SiO, trong céu trac cia MOSFET c6 thé lam thay doi tong trd vao cta

MOSFET theo ¥ mudn.

A
y

Ve
1 SR
.G e T P p —— VD
T 'I eN -
Vgs =0V ell' TP
S /I €
) ~ , N
N In = Is = Ipss
N Hinh 4-15 Hoat dong D- MOSFET
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4.4.2. Nguyén ly hoat dong

Khi cho di¢n ap Vgs = 0V, dién ap cung cép Vb duge dua dén 2 cuc D va S. Két
qué cac dién tir ty do cua kénh N di chuyén tao nén dong dién Ip giéng nhu JFET.

(hinh 4-15)
4.4.3. Pic tuyén ciia D-MOSFET

Thay d6i cac gia tri khac nhau cia Vs ta duge mot ho dic tuyén nhu hinh 4.16.

lo(mA lo(mA
& &
10 ) Vgs=+1V
Ving vang [ &8
giam 8 tang Vgg= 0V
Vgg=-1V
bt 2 e
Vgs=-2V
Vg =Ve/2 =-3V
- Vas = -5V
VGS VE;S
Vag=Vp =-6V

Hinh 4-16 Pdc tuyén D-MOSFET

Tuy thudc vao gia tri dién ap &m Vgs ma murc do tai hop giita cac dién tir va 16
tréng s& xay ra. Sy tai hop nay s& lam giam cac dién tir tu do di chuyén trong kénh
dan, lam anh hudng dén dong dién chay trong kénh dan. Dién ap phan cuc cang am
thi tdc do tai hop cang ting. Két qua dong dién cuc mang cang giam, véi cac gia tri
dién 4p Vgs =-1V; Vgs =-2V... cho dén khi dat gia tri dién ap that kénh Vp = -6V
va cudi cung ta thdy dic tuyén truyén dat gidng nhu dic tuyén cua JFET.

Khi gia tri dién ap Vs duong s& lam ting thém s6 luong dién tir iy tir 16p ban dan
nén loai P, 1am tiét dién kénh dan N ting. Dién ap Vs tiép tuc ting theo chiéu duong
s€ lam cho dong dién cuc mang Ip tang theo.

Khi dién ap Vs> 0, cac hat tai ty do trong kénh dan sé& ting néu so sanh véi khi

dién ap Vgs = OV. Chinh vi 1y do nay vung dién ap duong trén GS hodc trén dac
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tuyén truyén thuong duge xem nhu 1a viing ting (enhancement region): Ip > Ipss.
Con ving tuong tmg voi dién ap am trén GS goi 1a ving hiém hay ving giam
(depletion region): Ip < Ipss.

4.5. MOSFET CHUA CO SAN KENH (E-MOSFET)

4.5.1. Cau tao
CAu tao cia E-MOSFET (ENHANCEMENT — MOSFET: kénh cam tng)
kénh N va P dugc trinh bay nhu hinh 4-17. O day cuc D va cuc S khong dugc ndi voi
nhau. Do d6 vé cdu trac thi E-MOSFET ciing gidng nhu D-MOSFET nhung thiéu

kénh din nbi giita 2 cuc D va S.

Si0;

Hinh 4-17 Cédu tao ciia E-MOSFET

4.5.2. Ky hi¢u

Kénh N Keéenh P
D D
DG_@—@ SS v(}_@_a SS
S o S
D D
G gi % ) G (|'%i)
(a) S (b) >
Hinh 4-18 Ky hiéu cua E-MOSFET

4.5.3. Nguyén ly hoat dong va dic tuyén V — A
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Dién tt bi hut béi cwc
G duong

/

/

N

C‘ —>+

Ig=0A o = SS
—+ P +
—>+ —

T —

S¢ N

[¢)

Vs

| +
o

Ves —

Lép cach dien L3 trdng bj dy bdi cuc
g G duwong

Hinh 4-19 Hinh thanh kénh dan trong E-MOSFET kénh N (Vs > 0).

Néu dién ap Vs = 0V va chi c6 dién ap cung cip cho 2 cuc D va S, do thiéu
kénh dan gitta 2 cyc D va S nén Ip = 0 — diéu nay khac han véi JFET vi ¢ JFET ta ¢6
Ip = Ipss. Khi dién ap Vas va Vps duoc thiét 13p & gia tri dwong 16n hon 0V — dan dén
c6 mdt su chénh 1éch dién ap gitra cuc G va D so voi cuc S. Pién ap duong tai cuc G
s& tac dong 1én cac 15 trong trong 16p ban dan nén loai P nam doc theo 16p oxide SiO»

. C4c 10 trong s& roi khoi ving nay va di sdu hon vé phia dé nhu hinh 4-19 & trén.

Két qua tao nén mot ving nghéo nam gan 16p ngin cach dién SiO» khong c6 15
tréng. Tuy nhién cac dién tir trong 16p nén P (thudc hat tai thiéu sd) s& bi hut vé phia
cuc G, tao thanh mot ving chtra dién tir gan bé mit cua 16p SiO, . Lop SiO» va dic

tinh cach di€n cua n6 s€ ngan chan cac hat tdi mang dién tich am di chuyén vé cuc G.

Khi dién ap Vgs ting thi su s6 luong cac dién tir tap trung gan mit phang 16p
Si0; ciing tiang, cho dén khi n6 c6 thé tao thanh mot kénh dan nbi giira 2 cuc D va S.
Pién ap Vs dat dén gia tri ndy goi 1a dién ap ngudng Vr . Do kénh dan khong ton tai
khi dién ap Vgs = 0V va no s& xuat hién khi cung cp dién ap dwong Vas > Vrchinh

vi thé nguoi ta goi 1a MOSFET loai tang.
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Khi dién &p Vs tang vuot qua dién ap ngudng thi mat do cia cac hat tai ty do
chtra trong kénh dan s& tang, dan dén dong dién cuc mang ting. Tuy nhién néu Vgs
1a hing s va ting dién 4p Vps, dong dién cuc mang sé tang dén gia tri bio hoa gidng

nhu d3 xay ra d6i véi JFET va MOSFET c6 sin kénh.
Dong dién Ip s€ gidam dan vé 0 khi di vao vung thit, do kénh dan hep tai dau cuc

mang nhu hinh 4-20.

Is=0A ¢ P SS
Vbs

.|||
i |+

Vas

I
|I |+

oD |

Hinh 4-20 Su thay déi bé rong kénh dan khi Vps tang va Vs dwoe ¢é dinh.

Khi gia tri dién ap Vgs nho hon dién ap ngudng (Vr) thi dong dién cyc mang
cia MOSFET loai kénh chua c6 sin bang 0.

Khi gia tri dién 4p Vs 16n hon Vr thi dong dién cuc mang quan hé khong tuyén
tinh véi dién ap Vs bang phuong trinh: 7, = k(V s -V, )

Trong d6 k 1a hang s6 va c6 thé suy ra gia tri ctia k tir phuong trinh (4.1) véi
In(on) vaVas(on) 1 cac gia tri tai cac diém dic biét trén dudng cong dic tuyén cua

[D(on)

E-MOSFET trong hinh 4-21: k= .
(VGS(on) - VT)

4.5.4. Pic tuyén cia E-MOSFET

Tuong tu nhu JFET va D-MOSFET ung v6i céc gia tri Vgs khac nhau ta duoc
ho dic tuyén cua E-MOSFET.
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A

10— Vgs=+8V
9

8 L

7+ Vas=+7V

6 -

S Vgs=+6V
41

3 Vgs= +5V
2~

1k Vgs= +4V

} i 1 Vgs= 13V
0 10 15 20 ‘ 25 Vb
Ves =V =2V

Hinh 4-21 Bdc tuyén truyén dat va dic tuyén ngé ra ciia E_MOSFET kénh N.

Do c6 dién trd vao rat 16n, tan sd hoat dong cao nén MOSFET duoc st dung rat
phé bién trong cac mach dién tir cong suét va rat thich hop cho viéc ché tao cac mach

tich hop IC.
Céc mach phan cuc cho MOSFET tuong ty nhu JFET.

4.6. TRANSISTOR PON NOI UJT (UNLJUNCTION TRANSISTOR)

Transistor don ndi hay con dugc goi 1a transistor mot tiép gidp thudc loai linh

kién dién tr¢ am boi vi trén dudng dac tuyén V - A ¢6 vung dién tré am. Dong dién

I tang con dién 4p V giam. UJT hoat dong ¢ ché d6 dong ngat, duoc sir dung phd bién
trong cac mach dao dong tao xung diéu khién cho SCR hoic TRIAC.

4.6.1. Cau tao

GOm mot thanh ban dan loai N chira it tap chét duoc dung lam lop nén, & hai dau cd

hai dién cuc kim loai tao thanh 2 cuc nén B, B>. Ding phuong phap nong chay dé gin

vao mot tinh thé ban din khac loai 1a P. Tinh thé ban dan nay s& khuéch tan vao thanh

ban dan ban dau tao ra mot ving tiép giap PN giéng nhu diode, ngudi ta 1iy ra mot dién

cuc ky hiéu E cuc phat nhu hinh 4-22(a). Tuong ty ta cling c6 UJT khéc loai.
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- o . + ‘—
Vung tiép giap B B Rg2 Igs
E D'I —la +
VE = - RBI g Va
B,
(a) (b)

Hinh 4-22 Céu tao, ky kiéu UJT
4.6.2. Nguyén tic hoat dong

Pé giai thich nguyén tic hoat dong ctia UJT ta coi né nhu mét diode c6 3 dau ra véi

cac dién tré Rg1, Rez so dd két cdu twong dwong nhu hinh 4-22(b).

Pé UJT hoat dong can dat ngudén Ves va Vi ¢6 cuc tinh nhu hinh v&, dién ap dat

vao Rg; s& dugc tinh : Igg = Vion
RBI + RBZ
RBI
VrB1 = Va=1Ise.Rp1 = . VBB
Ry + Ry,
— L — RBI
hay VrB1 =M. VBB VOI | =— & —
RBI + RB2

n : Hé s6 két cdu hay con goi 14 hé sb dién tré lién nén n ~ 0,5 = 0,8.

Khi Vi < Va1, diode phan cuc ngugc khong dan khi d6 co dong dién nguoc Iro
goi 1a dong ro khoang vai pA di qua tiép giap EB1, UJT & trang thai ngit.

Tang dién ap Ve t6i mot gia tri Ve > V, + 0,6 goi 1a dién ap mo UJT khi d6 diode
D phan cuc thuan va din dién. S& c6 dong ctia cac phan tir dan dién da sd 14 16 tréng
di chuyén tir cyc phat E vao cuc nén. Duéi tac dung ca dién truong ngudn V, — cac
16 tréng twong duong dong dién thuan cua diode tiép tuc bi day vé phia B; lam cho
d6 dan dién cua tiép giap EB tang. Tuong tng dién tro tiép giap ndy giam tic 1a Rg)
giam mot cach dot ngot. Con dién tré Rp2 van giir nguyén gia tri cii béi vi EB2 phan

cuc nguoc.

Két qua ta dugc doan dac tinh c¢6 di¢n tré am nhu trén hinh 4-23.
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— VE _(VD +Va)
R, + Ry,

Trong trudng hop nay tiép giap EB; dan dién nhu mot diode va UJT chuyén
tir trang thai ngat sang trang thai dan. Khi dién trd Rei giam dén tri s6 6n dinh thi
dong Ik lai tang theo Vg, twong ty nhu dac tinh thuén cia diode.

4.6.3. Pic tuyén cia UJT
A: Piém dinh (peak point); B: Piém két thiic giai doan qua d6 UJT chuyén sang
ché do dan bao hoa.

Pién 4p tai diém A (V= Vp - dién ap mo) con duoc goi 13 dién thé dinh, noi ma

UJT bét dau dan.

+ VEBI Vung dién

tré am
Ving ngéat /

‘\‘_\“

| E/,,,_ Viing dan béo hoa

Ied Im  IEI Ir(mA)

Hinh 4-23 Pdc tuyén UJT

4.7. MO HINH FET

O » OD
G Id
m.\Vgs
Vgs 9 9 § rd
v
' = OS

Hinh 4-24 Mo hinh FET
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4.7.1. JFET

Véi gm duoc dinh nghia 1a do xuyén dan:

Al oi v 1
gm:A : :a ) :gmo(l_ﬂ :gmo 2
Vgs Vgs VP IDSS

Véi gmo 1a dd xuyén dan ctia JFET tai Vgs =0

21
gmo = |

DSS

Vsl

va rq 1a dién tré cyc mang nguodn:

r, = Aal L : VOi Yos 12 dién din ngd ra
A[d Vaso os
4.7.2. MOSFET

4.7.2.1. D-MOSFET
Tuong ty nhu JFET do ¢6 phuong trinh truyén dat giong nhau

4.7.2.2. E-MOSFET:

Al oi o A oK
g, =—%+= a 2K (Vs —Vy), voi K hé s6 NSX cho.
AV, 8ng

4.8. THONG SO CUA FET

4.8.1. Tong trd vao

7,25
I

1

4.8.2. Tong tré ra
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4.9. UNG DUNG UJT TRONG MACH DAO PONG TAO XUNG

Do UJT c6 tinh chat dic biét khi Vi < Ve dong Ir = 0 1 dong cua cc phan
tir dan dién thiéu s c6 tri s6 rat nhé. Khi Vi > Ve thi Ig sé ting nhanh, dong Iss
cling ting gap 2 1an, chinh vi vay UJT duoc Gng dung trong cic mach dao dong tao

xung dé kich cho SCR, TRIAC vv...mach tao xung & hinh 4-25.

" e TVBB

CL R,

Hinh 4-25 Mach tgo xung dung UJT

Khi vira cép nguén, dién ap trén tu C 1a Vc = Ve =0 do tu C chua nap nén dién ap
V. > Vi. Diode phan cuc nguoc khong dan, dong Is; 13 dong dién nguoc. Tu C bat dau
nap dién &p trén tu ting dan khi t6i tri s6 Ve = V. + 0,7V thi diode chuyén sang trang
thai phan cuc thuin va dan dién. Dién tré Rp; giam dot ngdt, tu dién C bit dau phong
dién va dat trén Ry mot xung dién ap. Pién ap trén tu C giam dan, khi Ve giam t6i tri s6
nhé hon V,, diode lai phan cuc nguoc ngung dan. Tu C lai nap, dién ap trén R; ~ 0. Khi
dién &p trén tu tang thi qua trinh duoc lap lai theo chu ky nhu ban dau. Dan g xung dién
ap trén Ri nhu hinh 4-26.
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A VC
Vmé _______
th(’)a__ _____i_ i
0 T 1
Hpe A
T2
Vei4 B
0 — .

Hinh 4-26 Dang xung dién ap trén R
Chu ky dao dong dugc tinh don gian:
T=TI1+T2
=TI : Thoi gian UJT tit, C nap tit VC dén Um¢o =VP;

= T2 :Thoi gian UJT mé, C phong nhanh qua D, RB1, R1 dién ap tu C giam vé
Vkhoa.

= Chuky dao dong dugc tinh gan dang theo cong thirc:

T=R,Chn Vis =RVRCII{LJ
g Vp 1-n

4.10. BAI TAP
4.10.1. Bai tap 1

Cho mach FET tu phan cuc nhu hinh vé&: Véi VDD = 12V; RG = 250KQ; RD =
2,7KQ; RS = 1KQ. Tinh VS; VD; VDS; ID; IS. Gia thuyét rang VGS = - 2V.
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Huéng dan:

V=0V
Vs=Vg—-Vgs=0-(2V)=2V

Ip =Is = Vs/Rs =2V/1KQ = 2mA
Vrp = Rp. Ip=2,7KQ . 2mA = 5,4V
Vp=Vpp— Vro=12-5,4=6,6V

Vps=Vp—-Vs=6,6-2=4,6V

Q1
FETN
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4.10.2. Baitap 2
Cho mach FET phén cuc v6i ngudn nhu hinh v&: Vé&i Vpp = 12V; Vss =-12V; Rg
= IMQ; Rp = 6,8KQ; Rs= 14KQ. Tinh Vs; Vp; Vps; Ip; Is. Gia thuyét rang Vs = - 2V.

VDD

Q1
FETN

T

Huodng dan:
Vs =0V (Vi khong c¢6 dong qua cuc G)
Vs=Vs—Vas
Vrs= Vs - Vss

ID =Is= VRS/RS

Vrp =Rop. Ip
Vb= Vbpp— VrD
Vps = Vp — Vg
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4.10.3. Baitap 3

Cho mach FET ty phan cuc dung cau phan ap nhu hinh v&: Vi Vpp = 18V; Rgi =
IMQ; R = IMQ; Rp = 2KQ; Rs = 5KQ. Tinh Vs; Vp; Vps; Ip; Is. Gia thuyét rang Vs
=-2V.

VDD

Huodng dan:

Vi = Vbbp.Rc2/(Ra1 + Raz)
Vs =Vs—Vas
Ip=1s=Vs/Rs

Vrp =Rp. Ip

Vp = Vpp — Vrp

Vbps = Vp — Vg
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4.10.4. Baitap 4

Cho mach khuéch dai cuc ngudn chung véi FET tu phan cuc nhu hinh v&: Vi Vp
= 12V; Rg = 100KQ; Rp = 2KQ; Rs = 500KQ; Rt = 4KQ; Vin = 200mV. Tinh Vout;
Zin; Zout. Gia thuyét ring gm = 3,6mS = Aig/Avgs.

VDD
RD
c2
[
C1
|/ J_ géTN
A -

4 IVout >
R
t

Cong thuec:

Av = Vout/Vin

Vin =Avg

Vout =Aiq.1o

Suy ra: Av=gm. Ro
Zin=Rg

Zout=Rp

Ro = Rp//R¢
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4.10.5. Baitap 5

Cho mach khuéch dai cuc ngudn chung véi FET phan cuc dung ciu phan ap nhu
hinh v&: V61 Vpp = 15V; Rair = IMQ; Ra2 = 800KQ; Rp = 3,3KQ; Rs = 10KQ; R =
8,2KQ; Vin = 20mV. Tinh Vg; Vp; Vbs; Ip; Is; Vout; Zin; Zout. Gia thuyét réng: Vags =

- 2V; gm = 3mS = Aig/Avgs.

-

—=0

Cong thuec:

Av = Vout/Vin

Vin =Avg

Vout =Aiq.ro

Suy ra: Av=gm. 1o
Zin = Rag1//Ra2
Zout = Rp

ro = Rp//R¢

|\ . 1 {Vout>
R
t
~—~ CS }
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4.10.6. Baitap 6

Cho mach khuéch dai cuc mang chung voi FET phan cuc dung cau phan 4p nhu
hinh v&: V61 Vpp = 12V; Ra1 = 2,2MQ; Rz = 2,2KQ; Rs = 4,7KQ; Ry = 5KQ; Vinne
= 1Vp; di¢n tro nguén khong tai 1a Rin = 100KQ. Tinh Vs; Vp; Vbps; Ip; Is; Vout; Zin;
Zout va Poy. Gia thuyét rang: Vas= - 2V; gm = 3mS = Aig/Avss.

VDD
A

Hudng dan:
Cong thuc:
Av=1
Zout = Rg

Zin = Rgi1//Ra2

Ving = Vinn. Zin/(Rin + Zin)

Voutne = Vinp
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Vout(Ry) = Vin.Zout/(R: + Zout)
Pout = (Vout,rms)?/R;

4.10.7. Baitap 7

Cho mach khuéch dai cuc ngudn chung véi MOSFET ty phan cyc nhu hinh vé:
V6i Vpp = 12V; Rg = 1,2MQ; Rp =4,7KQ; R = §,6KQ; Vin = 100mV. Tinh Vs; Vp;
Vbps; Vout; Zin; Zout va Av. Gia thuyét rang: MOSFET lam viéc 16p A (Vb = (25% -
75%)Vbp; gmo = 3mS.

VDD
R,
c2
K IVout>
ci Q1
| [ |E MOSFET N
I\

Vs =0V (Vi khong c6 dong qua cuc G)
Vs=0V

Vb =50% Vpp = 6V (tu chon)

Vgs = 0; gm =gmo = 3mS

1o = Rp//R¢

Av =gm. 19

Vout = Av.Vin

Zin=Rg

Zout = Rp
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Chuong 5: KHUECH PAI THUAT TOAN

MUC TIEU CUA CHUONG

Trong chuwong nay, chiing ta khao sat tinh chat ctia Op - Amp va céc ché do hoat dong
cua Op - Amp. Ngoai ra, ung dung cua cac linh ki¢n nay cling dugc trinh bay trong
chuong nay.

Chuong nay con cung cip kién thirc vé cac dang mach khuéch dai ding Op - Amp ciing
nhu tmg dung cta né vao thuc té. Cho nén, sinh vién phai thuc hién lai dugc cac vi du
va bai tap. Tu do, tu cho minh cac vi dy, bai tap tuwong tu va giai chung dé tu kham pha

tri thurc.

5.1. CAC TINH CHAT CHUNG CUA BO KHUECH PAI THUAT TOAN

5.1.1. Tong quan vé Op-Amp

Op-Amp (Operational Amplifier) con goi la khuéch dai thuat toan 1a mot mach
khuéch dai duoc ché tao & dang tich hop (Integrated Circuit — IC). Cac vi mach Op-Amp
thudc thé hé dau tién 1a 702, 709 va 741 do hang Faichild ché tao trong khoang thoi gian
tir 1964 dén 1968. Trong thoi gian ndy hing National Semiconductor ciing cho ra doi
cac Op-Amp sb hiéu 101 va 301.

Céac Op-Amp thudc thé hé dau nhu 741, 301 ngay nay van con dugc st dung kha phd
bién. Op-Amp 1a mot linh kién khong thé thiéu trong hau hét cac thiét bi dién tir. Vi vay
viéc khao ctru cic tinh ning va ung dung cua vi mach Op-Amp 1a can thiét.

5.1.2. Ky hi¢u ctiia Op-amp

Positive supply termianal
(ddu cdp dién duong)

Output terminal

Noninverting input terminal A
(ddau ra)

(B&u vao khéng ddo)

O
Inverting input terminal
(Pau vdo ddo)

Negative supply termianal
(d4u cdp dién am)

146



Sach huong dén hoc tap Dién twr tuong tu

Hinh 5-1 Ky hiéu ciia Op-Amp va cdc ngé vdo, ra, cap dién.

5.1.3. Mt s6 kiéu vé pho bién

V4 8 chén (chia 1 Opamp) V4 14 chén (chiia 2 hodic 4 Opamp)

Hinh 5-2 M{t s6 kiéu vo phé bién ciia vi mach Op-Amp.
5.1.4. Ché @9 cap ngudn cho Op-Amp

Céac Op-Amp néi chung hoat dong & ché d6 cap ngudn kép tuc 14 phai cap ngudn (+)
vao chan (Positive supply terminal) va ngudn (-) vao chan (Negative supply terminal),
ngudn dién (+) va (-) phai bang nhau vé tri tuyét ddi. Vi du c6 thé dung ngudn kép ddi
xtng: £5v, 19v, £12v.

Tuy nhién, trong mot s trudng hop Op-Amp c6 thé 1am viée v6i ngudn cip dién don
tirc 1a cap dién (+) vao chan (Positive supply terminal) trong khi chan (Negative supply
terminal) ndi mass. Xem Hinh 5-3. Viéc chon ché d6 cip ngudn don hay kép tuy thudc
vao khuyén cdo ctia nha san xuit Op-Amp va tin hiéu & cac ngd vao dao va khong dao

0 moOt mach dién cu theé.

—] —
.
. 1

Ché& dé cdp nguén kép Ché& dé cdp nguén don

Hinh 5-3 Cdp nguon kép hodc nguon don cho Op-Amp.

Dién ap cac ngo vao/ ra va dién ap vi sai:
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v Dién ap tic dong 1én ngd vao khdng dao ky hiéu 1a U

v Dién ap tic dong 1én ngd vao dao ky hiéu la U,

v Hiéu dién thé : Uqg= U — Uy, goi 1a dién ap vi sai (Differential Voltage).

v Dién ap ngd ra ky hiéu la U,.

Cdc chit in hoa trong ky hiéu cdc dién dp trén dwoc viét bang chit thuong néu chiing

la cac gia tri tuc thoi.

A+
— Uw

1

Hinh 5-4 Dién ap cdc ngo vao, ra va dién ap vi sai.

Theo dic diém thiét ké cuia nha san suét, ngudn cap dién cho Op-Amp dugc gidi han
& mot mire nhat dinh (vi du d6i véi IC 741 thi ngudn cap dién tbi da cho phép 1a +18V).
Céc dién 4p ngd vao cling duoc gidi han. Pién ap ngd ra ciia Op-Amp co dic diém la
luén nhé hon dién ap cap ngudn trong moi truong hop. Gia tri dwong tbi da cia dién ap
ra dugc goi 13 mirc bio hoa duong, mirc nay thuong thap hon murc cap ngudn (+) tir 0,5
dén 2V. Tuong tu nhu vay, gia tri am tdi da cua dién ap ra goi la mirc bao hoa am, muc
nay cao hon murc cap ngudn (-) tir 0,5 dén 2V. Muc bio hoa dwong va am thudng c6 gia
tri tuyét doi khac nhau. Vi du vé6i IC 741 hoat dong ¢ ché do ngudn cap dién kép £15V

thi murc bao hoa duong 1a +Us = 14V va muc bao hoa am 1a —Ugy =-13V.
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5.1.4.1. Khi Op-Amp hoat dong & ché d6 cap ngudn kép.

N
:S;C, .12
Khodng gid tri
cla dién dp ra
Ovo >
Time
SLVLTe | | EESERCRRISTRRETAS N e
sUCC [--mmmmmmmmmm s

Hinh 5-5 Dién ap ngo ra cua Op-Amp gioi han giita mirc -Usas va +Usas

5.1.4.2. Khi Op-Amp hoat dong & ché d6 cap ngudn don.

N
+UCC [---mommmmmmmr e 7 E:!{r]'éQ ---------------
+Usat [-----oomomemoomm g oo ee o ;r -------------------
Khodng gid tri
cla dién dp ra
Ovo N
Time

Hinh 5-6 Dién dap ngo ra cua Op-Amp gioi han gitta murc 0v va +Usqy

Vi du vé cdc thong sé gidi han ciia Op-Amp

Absolute Maximum Ratings (Ta = 25°C) of HA17741
> Power-supply voltage (dién ap cAp ngudn) : +18v
» Input voltage (dién ap ngd vao) : £15v
» Differential input voltage (di€n ap vi sai) : £15v
> Allowable power dissipation (tiéu tan cong suit cho phép) : 670mW

> Operating temperature (nhiét do lam viéc) : —20 to +75°C
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> Storage temperature (nhiét do luu trir) : —55 to +125°C
5.1.5. Dic tinh cac ngé vao, ra va cic ché do lam viéc ciia Op-Amp
1.1.1.1. Dac tinh ngd vao

Ngod vao cua Op-Amp c¢6 tong tro rat Ion. Khi dat 1én ngd vao mdt dién ap, dong di¢n
tai ngd vao co tri sO rat bé va trong cac tinh todn ta c6 thé xem gan dung cac dong nay

bang 0.

+\+V

W > o

+
=Um TS / -V onut

1 1

I

Hinh 5-7 Téng tré ngé vdo
Téng tré ngé vao dwoc dinh nghia la:

V) V)
_ Y. _ Yo
Zin(+) - |_+ > Zin(—) - |_
) )

Zin(+) VA Zin() déu rat 16n, c6 gia tri tir vai MQ trd 1én. Vi vy cac dong dién line+) va
Iin(y c0 gia tri khong dang ké. Pay 1a mot uvu diém ctia Op-Amp, nhd c6 tong trd ngd vao
16n ma cac ngudn ap tac dong 1én ngd vao khong bi sut ap.
5.1.5.1. Dac tinh ngo ra

Ngd ra ctia Op-Amp c6 tong try rat nho. Vi vay dién ap ngd ra clia Op-Amp rét it
thay doi theo tai mac & ngd ra. Khi c6 tai hay khong tai, dién ap ngd ra hau nhu chi phy
thudc vao cac tin hidu tac dong ¢ ngd vao va cach mac cac phan tir phu xung quanh
mach Op-Amp. Tuy nhién, diéu ndy chi diing néu dong dién ngd ra con nho hon gisi

han t6i da cho phép do nha san xuat quy dinh.

Ché db6 vong hé va Op-Amp hoat dong véi neudn cap dién kép doi xime:
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Ché d6 vong ho 1a ché d6 hoat dong khong c6 hdi tiép, khong cé bat ky duong hdi
tiép nao tir ngd ra vé ngd vao (khong tinh dudng ngudn va mass). O ché do nay c6 dic
diém 1a dién ap ngd ra bang do loi vong hd nhan véi dién ap vi sai:

Trong dé, d¢ loi vong ho Ay thuong ¢ gid tri cuwee 16m (20000 lan tré Ién).

Nhu vay chi can mot dién ap vi sai rat nho (vi du 100uV) thi dién ap ngd ra U, ciing
c6 gia tri dang ké (20000x100pV = 2V). Néu tinh binh thuong nhu thé thi khi dién ap
vi sai tang lén 1000V = 1mV, dién ap ngd ra 1a U, = 20V. Tuy nhién, vi di€n ap ngd
ra khong thé 16n hon muc bio hoa (+) hoic (-) nén dién ap ngd ra lic d6 khong phai 1a
20V ma chi bang mic bdo hoa dwong ctia Op-Amp (tirc Uo = +Uss) néu mitc +Usy <

20v. Twong ty nhu vay néu dién ap vi sai c6 gia tri -1mV thi U = -Uga.

Mot cach gan dting khi phan tich mach Op-Amp & ché d6 vong ho 1a xem:

U, = +Usa khi Ug > 0 (thuc té thi phai c6 Ug > % ; khodng vai chuc pV).

Vo

Us, = -Usar khi Ug < 0 (thyec té thi phai ¢6 Ug < %; khoang am vai chuc pV).

Vo
Nhu véy, viéc phan tich gin ding nhu trén s& khong ding néu dién ap vi sai co gia
tri bé trong khoang + vai chuc pV. Tuy nhién, khi Op-Amp hoat dong & ché do vong ho
thi trudong hop nay thuong it gap trong thuc té hodc chi xay ra trong thoi gian rat ngin.

Vi vay, van c6 thé ap dung phuong phap phan tich gan dang néu trén.

Theo dinh nghia dién ap vi sai la : Ug = U — Uy, thi:

Us>0<= U+ >Ug
Us<0< U+ <Up.

U, = +Usat khi U(+) > U(_)
Do d6, ta viét theo nguyén tac gan ding la: Uo = -Usat khi Uy <Ug,).

Nguyén tic gan ding trén ddy duoc ap dung véi didu kién cac tin hiéu Uy va Ug ¢6

gia tri nam trong khoang cp nguén tir —Ue dén +Uc.
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+12v

+
Uo = +Usat =
=11v -

-2y 1 -2y i

Hinh 5-8 Hoat dong o ché dg vong ho cua Op-Amp

Ché dé vong hé va Op-Amp hoat dong véi neuon cap dién don

Trong trudng hop Op-Amp lam viéc ¢ ché do vong hd v6i ngudn cip dién don, dién
ap ngd ra sé tién tdi gia tri bio hoa duong (+Us) khi U > Uy, va tién t6i Ov khi Uy <
Ug. O day ciing c6 mot diéu kién 1a cac dién ap U va U phai c6 gia trj trong khoang

cap nguon tirc 13 tir OV dén +U..

+12v

Hinh 5-9 Hoat déng ciia Op-Amp ¢ ché dg vong hé nguén don.

Ché dé vong kin

Ché d6 vong kin 1 ché do co6 hdi tiép tir ngd ra vé ngd vao. Phan tir hoi tiép thong
thuong 1a dién tro, tu di€n hoac R mic ndi tiép C, R// C .v.v. Néu mach hdi tiép ndi tir
ngd ra nguoc vé ngd vao (-), ta c6 hdi tiép am, nguoc lai 1a héi tiép duong (xem Hinh

5-10).

+Ucc +Ucc
Q o
+\ +V hoi tiép
SOE— +
— b N
O O -
/ 'V o—_— -
Phan ta / -V
o ¢}
-Uce -Ucc
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Hinh 5-10 Hoéi tiép am va dwong trong ché dé vong kin ciia Op-Amp.

Khi Op-Amp lam viéc & ché do vong kin, do loi vong hé ¢6 anh hudng khong déng
ké. Lic nay, hoat dong ctia mach cha yéu do mach héi tiép quyét dinh. Pién ap giira ngd
vao dao va khong dao co gia tri bang nhau: U = Up. Pay 1a mot dic diém quan trong
can nhé khi phan tich mach Op-Amp vong kin (c6 hdi tiép). Ngoai ra do tong tré cac
ngd vao cua Op-Amp rat 16n nén hau nhu khong c6 dong dién chay vio cac ngd vao

nay, trong tinh toan ta xem cac dong I+ va I, bang 0.

5.2. MACH KHUECH DAI DUNG OP - AMP

5.2.1. Mach khuéch dai dio

5.2.1.1. So d6 mach

Rt
: A
+Ucc
Input fin
o—ANWN—
O\ R Ov
Tin hiéu vdo (uin) o /r \[\_[\ )
4[ Piém mass gid ~Uce Tin hiéu ra (uo)
Hinh 5-11 Mach khuéch dai dién dp ddo ddu

5.2.1.2. Pic diém

Mach khuéch dai dién ap dao ddu co so dd nguyén 1y trén Hinh 5-11. Pién 4p ngd

ra cua mach la:

Trong d6 Av cé gia trj 4m (-) va do mach hdi tiép quyét dinh, d6 loi vong hé cia Op-
Amp anh huéng khong dang ké va co thé bo qua. Trong mach nay, dién trd hi tiép ciing
dugc ndi tir ngd ra vé ngd vao dao (hdi tiép 4m giéng nhu mach KD khong dao). Tin
hiéu can dugc khuéch dai duoc dua dén ngo vao dao qua di¢n trd Ri. Ngd vao (+) duogc
ndi mass. Cha ¥ 1a néu nham 14n 1ay hoi tiép duong thi mach s& khong lam viéc va ngd

ra nhanh chéng bi bao hoa.
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Pién 4p tai ngd vao (-) ludn bang dién 4p tai ngd vao (+) va do ngd vao (+) nbi mass

nén ta cé: u(+) = Ov din dén u(-) = Ov, ngd vao (-) do d6 goi 1a diém mass gia.

Dong dién iin do tin hi€u uin cung cap s€ qua R; va sau dé qua Rr dén ngd ra. Dong
nay khong chdy vao ngd vao (-) do ngd vao (-) ¢6 ngi trd rat 1on. Cuong do cua dong i
la:

uin - U(_) u

H In
j =M "G _ Zin

in R R

Do dong i chay tir diém mass gia (ngd vao -) qua Ry dén ngd ra nén ta co:

U, = —— U;,|biéu thuc cho thay tin hi€u ra luén ngugc dau véi tin hiéu vao.

] Néu ti s6 R¢/Ri <1 thi tin hiéu ra nho hon tin hiéu vao (giam ap).
(] Néu ti s6 R¢/R; >1 thi tin hiéu ra 16n hon tin hiéu vao (KB ap)
(] Néutisd R¢R; =1 thita c6 mach dao dau (uo = -uin).

Tin hiéu vao va tin hiéu ra c6 cung tinh chat nhung nguoc ddu. Néu tin hiéu vao 1a
dién 4p mot chiéu (DC) thi tin hiéu ra ciing 1a dién ap mot chidu c6 ddu nguoc lai. Néu
tin hiéu vao 14 thun tuy AC dang sin thi tin hiéu ra ciing 13 thudn tuy AC dang sin nhung
ngugc pha 180°. Trong truong hop tin hidu vao 13 phirc hop gdm ca DC va AC nhung
chi mudn riéng thanh phan AC duoc KD thi ding thém tu dién dé loai bo thanh phan
DC giéng nhu da thuc hién trong mach Kb khong dao.

Mach khuéch dai dao dau c6 mot tinh chéat dang chii y 14 tong trd ngd vao thap: Zin =
Uin/iin = Ri. Do @6 tin hiéu ui, s& bi sut ap so v&i khi chua dua vao mach K. Tinh chat
nay cang rd khi Ri cang nho. Vi vay dé nang cao tong tré ngd vao thi phai nang cao Ri.
Tuy nhién khi nang cao R; thi dong dién i cling nho ma dic biét 14 khi i nho dén murc
gi tri ctia nd ¢o thé so sanh dugc voi dong dién chay vao ngd (-) ctia Op-Amp (von rat
nho va da dugc bo qua trong tinh toan trén day) thi hoat dong ctia mach s€ khong con

dung nira. Mot kho khan thir hai ctia viéc nang cao R; la kéo theo phai nang cao ca Re
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néu mudn gitr nguyén hé sd khuéch dai. Viéc ning cao Rrqua 16n dan dén co thé khong
tim dugc dién tro nhu vay trén thyuc té. Vi du chon R; = 100k, can hé s6 KB = 100, nhu
vay phai chon R = 100.100k = 10M. di¢n tr¢ nay kho tim dugc trén thyc té. Tom lai
phai chap nhan mot thuc té 1a tong tré ngd vao cua mach KP kiéu dao pha co gia tri

thap.

10V

oV~

-10V

Hinh 5-12 Quan hé gitra tin hiéu ra va tin hiéu vao trong mach khuéch dai ddo
(diing Op-Amp LM324, nguén cdp dién #12v; R; = 10k; Ry = 50k; uin = 2vp).

Chu y: Khi tin hi¢u vao 16n hon murc cho phép thi tin hi€u ra cling bi xén ngang dinh
do hién tuong bdo hoa gidng nhu truong hgp mach KB khong dao.

5.2.1.3. Vidu
Vidu 1: Cho mach nhu hinh vé

R2
— AN\
+Vce
o
R1 N Op - Amp
_— > o>
+/
2 R3 -c\)/cc

Véi £Vee =15V, Vin = 0,1Vp/1KHz
R1 = 1,5KQ, R2 = 5,6KQ, R3 = 1,2KQ
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a/ Xac dinh Vout

b/ Xéc dinh Vin max dé dién 4p ngd ra khong bi xén? (Op- Amp 1y tuong).
¢/ Mudn Vout = - 5Vp thi R2 =?

Vidu 2: Cho mach nhu hinh vé

R
AN R,
+Vce NN\
o "
R1 . S/cc
™ 3 ~
. >—<—/\/\/\ -
] +/> Vout
o
I -Vcc 1 0
— = -Vcc

V61 V1 =0,1Vp; R1 =2,2KQ;R2 =39KQ; R3 =3,3KQ; R4 = 10K; Vcc ==+ 12V
a/ Xac dinh Vout

b/ Xéac dinh V1 min d&& Vout > 5Vp
¢/ Xéac dinh R3 dé Vout = 10Vp

5.2.2. Mach khuéch dai khong dio
5.2.2.1. So d6 mach

So dd nguyén 1y cia mach khuéch dai dién 4p khong dao dau trinh bay trén Hinh 5-
13.

+Uce

Input

(e,

Tin hiéu vdo (uin) /(
(@]

=Uce

Dong héi hep (in

T|n hiéu ra (uo)

Hinh 5-13 So do nguyén Iy ciia mach khuéch dai dién dp khéng ddo
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5.2.2.2. Phan tich mach.
Tin hi€u ra cua mach la:

Av 13 d6 khuéch dai dién ap cua mach con goi 1a d6 loi ap. Trong nhiéu tai liéu nguoi

ta tinh do 1oi 4p theo don vi Péxiben (dB).

Av(dB)

IAv(dB) = 20lg(Av) hay |[Av=10 2

Mot bo khuéch dai co d6 loi ap Av = 100 twong duong véi 40dB.

Op-Amp HA17741 cua hang HITACHI ¢6 d6 loi ap vong hé dién hinh 106dB tirc 1a

106

c¢6 kha ning khuéch dai dién ap vi sai 1én gan 200000 1an (102 =10°%° ~ 199526)

Trong so d6 mach, do c6 dién trd hoi tiep Renoi tir ngd ra veé ngd vao (-) cia Op-Amp

nén mach hoat dong & ché d6 vong kin — hdi tiép am. O ché do nay ta co:
U = U
Theo mach ta co:
U(+) = Uin (tin hiéu sin)

Dién tro ngd vao cia Op-Amp rat 16n nén dong dién chay vao cac ngd vao xem nhur
bang 0. Do d6 R va R; tao thanh mach cu phan ap lay mot phan dién ap ngd ra dua dén

ngo vao (-). Dién &p tai ngd vai (-) la:

Vi ue) = ue) ma ue) = ujp nén suy ra:

u, = _u
" R,+R, °

R R , A ’ A A ’ ’ A \ \ A
= U, = [l + R—'Juin biéu thure cho thay tin hi¢u ra luén 16n hon tin hi¢u vao va dong

pha vdi tin hiéu vao.
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5.2.2.3. Céc van dé khi thuc hién mach khuéch dai khéng dao dau.

> Néu tin hiéu vao khong phai 13 séng sin ma 1a mot mirc dién 4p nao d6 (tin hiéu
DC) thi dién ap ra ciing duoc tinh theo cong thic trén va khi d6 ta ¢ mach khuéch dai
DC khong dao d4u. Vi du tin hiéu vao 1a Uy = 10mV; Re= 100k; R; = 1k thi tin hiéu ra

la: U, =(l+%JUin =(l+%}lOmV=IOIOmV=I,OIV.

i
> Néu tin hiéu vao 1a thuan tuy AC dang sin thi tin hiéu ra ciing thuan tuy AC dang

sin ¢6 bién d6 1on hon tin hiéu vao va déng pha véi tin hiéu vao (xem Hinh 5-14).

> Néu tin hiéu vao 13 dang phtrc hop tirc 1 gdm ca thanh phan AC va DC thi tin
hiéu ra ciing c6 tinh chit nhu vay. Trong trudng hop nay néu mudn loai bo thanh phan
mdt chiéu (DC) va chi khuéch dai thanh phan xoay chiéu (AC), ta mic thém mét tu C
nbi tiép trén duong tin hiéu dén ngd vao (+). Khi d6 chi co thanh phan AC 1a di qua
dugc tu C dén ngd vao (+) ciia Op-Amp va dugc khuéch dai, thanh phan DC bi giir lai,
ta ¢6 mach khuéch dai AC.

» Khi tin hi¢u vao tang thi tin hiéu ng6 ra cling tang theo. Tuy nhién vi tin hi€u ra
khong thé vugt muc bdo hoa (+) va (-) nén néu tin hiéu vao 16n hon mic cho phép thi
tin hiéu ra bi cit ngang & phan dinh dwong va am do hién tuong bao hoa (xem Hinh 5-

15).

» Mach khuéch dai khong ddo pha c6 mot tinh chét rat quan trong la tin hiéu can
khuéch dai (tin hiéu ui) dugc dua truc tiép dén ngd vao (+) cia Op-Amp ma ngd vio
nay c6 tong tro rat 1on nén hau nhu khong co6 dong di vao mach khuéch dai, nho vay
mach khong lam anh hudng dén tin hiéu uin hay tin hi¢u ui, khong bi sut ap so véi luc
chua dua dén mach KP. Nho tinh chét nay mach Kb khong ddo dugc chon dé Kb cac
tin hiéu tir cic cam bién, 1am mach dém tin hiéu trong cac trudng hop can phdi hop tré
khang giira cac ting KD v.v. Pé 1am mach KD dém tirc 1a mach KB ¢6 d6 lgi ap bang
1, nguoi ta cho Ry = 0 va nhu thé ta co; uo = uin. Dién trd R; lac nay s€ c6 mot dau nbi
v6i ngd ra va dau con lai ndi mass cho nén s& lam ting dong ngd ra. Do d6 R; chon cang
16n cang tdt ma trong thuc té chon R; = oo tirc 12 hd mach R;. Mach dém cubi cung ¢ so

d6 nguyén 1y nhu Hinh 5-16.
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10V

0oV+

-10V +

Time
Hinh 5-14 Quan hé giita tin hiéu vao - ra trong mach khuéch dai khong dao.

(pha thi nghiém véi Op-Amp LM324, nguon £12v; Ry = 4k; Ri = 1k; uin = 2vp).

12V

oV

oV )

Time
Hinh 5-15 Tin hiéu vao lon lam tin hiéu ra bi xen dinh

(Thi nghiém mach khuéch dai khéng dao véi Op-Amp LM324, nguon +12v; Ry = 4k;
Ri = 1k; uin = 4vp).
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+Uce

Input
O

Tin hiéu vdao (uin) = -V
T’n hiéu ra
-Ucc (Uo = Uin)

Hinh 5-16 Mach dém véi tong tré vao rat 1ém, khong lam suy giam tin hiéu .

(V&i tong tré ra rat bé ciia Op-Amp, tin hiéu ra it bi suy giam do tdi.)

5224. Vidu

Vi du 1: Cho mach nhu hinh vé

+Vcc

Op - Amp

e %@

-Vcc

Véi £Vee = +12V; Vin = 0,5Vp; R1 = 15KQ, R2 = 820Q; R = 10KQ

a/ Xac dinh Vout

b/ Xéc dinh Vin max dé dién 4p ngd ra khong bi xén? (Op- Amp 1y tuong).
¢/ Mudn Vout = 5Vp thi R1 = ?
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Vi du 2: Cho mach nhu hinh vé

R2

NN IVouth>
+\Vcc
(@)

R1
R
[Vin >—ANAA ~ 3

| Op - Amp1

(@)
] -Vcc

Vee ==£12V, Vin=0,1Vp

R1 = 1,5K; R2 = 5KQ; R3 = 1KQ; R4 = 2KQ; R5 = 10KQ.

a/ Xac dinh Voutl, Vout

b/ Xéc dinh Vin max dé Vout khong bi xén? (Op- Amp 1y tudng).

¢/ Mudn Vout = - 6Vp thi R1 =2

5.3. MACH CONG

5.3.1. Mach cfng dao

5.3.1.1. Dang mach

"""" > A
Ri1
o ANV +%cc
uinl R
i2
1L o L N4y
Uin2 . Ov
—i— Rik . ov +/ -V
- o—A\\NM\—. :
Uink O
—T_ Piém mass gid “Uee

Hinh 5-17 Mach cong dao ddu

Uo

Tdi
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5.3.1.2. Pic diém
Trén co sé mach khuéch dai déo, nguoi ta co thé thuyc hién mach cong theo so dd
nguyén 1y trén Hinh 5-17. Thay vi dung mét dién tr& Ri, nguoi ta ding nhiéu dién tro

Rii, Ri2,v.v. Néu chon cac dién trd Ri1 = Riz = ..= Rix = Ry thi tin hi¢u ngo ra la:

U, = _(uinl + U, + U+ + uink)

[o)

Biéu thurc trén day duoc xdy dung bang cach ap dung nguyén 1y xép chong cua Iy
thuyét mach noéi rang néu c6 nhiéu tin hiéu cing tic dong 1én mot mach thi dap Gng cia
mach khi d6 bang tong cac dap tng riéng. Khi xét dap ung riéng cia mach dbi voi mot

tin hiéu thi cac tin hi€u khac cho béng 0. V&i mach ¢ Hinh 5-17, gia su ta xét dién ap u,

__R u_=-u
ouf R inl inl

it do R¢r= Rin1.

u
khi chi c6 duy nhat ngudn i thi:

Tuong ty nhu vay dién ap uo khi chi ¢ duy nhat ngudn ap ink 13 : uo = ~Uink.
Cudi cung ap dung nguyén 1y xép chong ta co:

Uo = -(Uin1 + Uin2 + Uin3 +..+Uink)

4.0V

2.0v

ov

-2.0vV

-4.0V

Hinh 5-18 Cadc tin hiéu ngo vao uin; va uin2
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4.0V

2.0v

ov

-2.0vV

-4.0V

Time
Hinh 5-19 Tin hiéu ngo ra la tong dao dau cua cdc tin hiéu ngo vao.

Mach cong dao dau duoc dung trong cac bo Mixer (b tron tin hi€u) thuong gap trong

cac Amplifier. Trén Hinh 5-18 va 5-19 mo ta 2 tin hiéu vao 13 uins (tan s6 500Hz), uin

(t?m $6 5000Hz) va tin hi€éu ngd ra cua mach cong dao d4u. Trén Hinh 5-18 ta th?iy Kkét
qua 13 tin hiéu ra uo = -(Uim1 + uim2). Cac két qua trén duoc thi nghiém véi Op-Amp

HA17324A, nguédn cap dién kép £12v, Ri; = R = R¢= 10k.

Trong cac mach Mixer thuc t& dung trong Amplifier, cac tin hiéu ngd vao 1a dang
phte hop (gém ca DC 1an AC) trong d6 thanh phan AC 1a thanh phan hitu ich va can
dugc cong v6i nhau. Trong trudng hop nay cac tu dién duoc mic ndi tiép voi cac dién
tr& Ri nham loai bo thanh phan DC. Pién dung ciia cic tu ndy phai co gia tri phu hop
sao cho tin hiéu &m thanh di qua dé dang. V&i tin hiéu 4am thanh nhac, tan sb toi thiéu
thuong 14 100Hz, néu chon tu dién 100pF thi tong tré cua tu la:

X _ 1 1
° 2nf.C 2.314.100.100.10°°

=15,9Q

Tong tré nay kha nho va tin hidu di qua tu dé dang.

Néu can khuéch dai tin hiéu ngo vao thar m 1én K lan thi phai chon Rin sao cho Ry =

K.Rim. Mach trén Hinh 5-20 1a mach cdng dao diu co dién ap ra la:

ﬁlo = -(2uin1 + Uin2) ‘ vi Rf = 2Rin1 = Rin2.
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Rf : 20k
NN
+12v
(@]
Ci Ri1
Y ~+v
o— Wy v NG
Uini 10k > o
i C2 . + Uo
— Ri2 Ov /—V
- +|/
_ 1€ ANV

20k o

O

Uin2

T o " -12v
Piém mass gia

Hinh 5-20 Mach Mixer AC 2 kénh vdéi tin hiéu kénh 1 dwoc khuéch dai 2 lan

5.3.1.3. Vidu
Vi du 1: Cho mach nhu hinh vé.

R3
—/W_
+Vce
R, 7
.
[VinT>— AN h
>—{vow>

R, |+
4{ |

R -Vcc jR

4 t

Vi Vinl = 0,2Vp/1KHz; Vin2 = 0,3Vp/KHz; Vcec = £12V
R1 = 1,5KQ; R2 = 470Q; R3 = 6,8KQ; Rt = 10KQ.

a/ Xac dinh Vout

b/ Vi gia tri trén, xac dinh Vin2 dé Vout = -8Vp

¢/ Véi gia tri trén, xac dinh R1 dé Vout = -10Vp
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Vi du 2: Cho mach nhu hinh vé.

R2 R5
NN [Voutr> AAAY,
+\Vcc +Vcc
o) o
R1 R3
AW B ——AW B
> {vour>
+/ —ANN\— +/
R4
6’ Vin1 @
Vin2 o
o -Vcc
-Vcc

Vi Vinl = 0,2Vp; Vin2 = 0,3Vp; Vcec =£12V
R1=1,5KQ; R2 =4,5KQ; R3 = 3,3KQ; R4 =470Q; R5 =15KQ.
a/ Xac dinh Voutl; Vout
b/ Vi gia tri trén, xac dinh Vinl min dé Vout >0
¢/ Véi gié tri trén, xac dinh R4 dé Vout =-10Vp
5.3.2. Mach cong khong dao
5.3.2.1. Dang mach

Mach cong khong dao c6 dang nhu Hinh 5-21

+C\>/CC
Ri1 ~
+
> IVout >
Ri, ¥
& oPrAm
-Vcc
AN
R

2
jR1

Hinh 5-21 Mach cong khong dao
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5.3.2.2. Phan tich
Phén tich nhu mach khuéch dai khong dao, Vin 1 xép chdng hai tin hiéu Vin va Vin.
St dung nguyén 1y xép chong phan tich mach.

Gia su Vi =0, ta tim di¢n ap ngd ra Vo1 tuong tng voi Vi,

R R,
Vo =1+ 2 —2—V,
Rl Ril+Ri2

Gia su Vi1 =0, ta tim di¢n ap ngd ra Vo, tuong tng voi Vi,

R R.
Vi = I+ —2 | i2
Rl Ril+Ri2

Vay khi c¢6 ca Vi, Vi va gia thuyét Ri = R, thi:

R \\V. +V.
V =V 4V =|14+—2 |2
0 01 02 [ Rl j[ 2 :|

Néu Rii=Rp va R;=R; thi
Vo :V01 +V02 :Vil +Vi2
5.3.2.3. Vidu

Vi du 1: Cho mach nhu hinh vé.

+Vce
o}
I?H
[Vin1 AN I
>———{Vout>
Ri2 _/
[Vin2 ANAN 4 Op - Amp
-Vcc
ANN
R

jR1 |

Vi Vinl = 0,1Vp; Vin2 = 0,2Vp; Vcec =£12V

Ril =1,5K; Ri2 =470; R1 = 500; R2 = 10K.
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a/ Xac dinh Vout
b/ Vi gia tri trén, xac dinh Vin2 dé Vout = 8Vp
¢/ Vi gié tri trén, xac dinh Ril dé Vout= 5Vp

Vi du 2: Cho mach nhu hinh vé.

R2
/W\/ c;"VCC
c;LVcc R4
a1 AWV B
[~ RS _ Vout
NN ~_ P
e —VVV
+/ o R6
-Vcc
@Vim @Vin2
(o)
-Vcc R7

Vi Vinl = 0,1Vp; Vin2 = 0,2Vp; Vcec =£12V

R1 =10KQ; R2 = 33KQ; R4 = 1KQ; RS = 1KQ; R6 =10KQ; R7=2KQ
a/ Xac dinh Voutl; Vout

b/ V&i gia tri trén, xac dinh R4 dé Vout = -5Vp

5.4. MACH TRU

5.4.1. Dang mach

Mach trir c6 dang nhu Hinh 5-22
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R,
—/\/\/_
+Vece
R, 0
[VinT > AANr—4 ~ Op -|Amp
R, > e
Vz>—~~r— ]
o

Hinh 5-22 Mach trie
5.4.2. Phan tich

Pién 4p Vinl dua viao ngd vao dao, dién ap Vin2 dua vao ngd vao khong dao. Ap

dung phuong phap xép chong ta co:

R R R
Ve=Vp+Vy = 1+—* 2 i . il
R, )R, +R, R,

Néu chon R; = R, = R3 = Ry4 thi:
Vo=V, V4

5.4.3. Vidu
Cho mach nhu hinh vé.
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R4
—/\/\/_
+Vcce
R3 (0]
[VinT >AANA—1 N Op -|Amp
R, > >
NN

-\VVCC

Vi Vinl =0,1Vp; Vin2 =0,2Vp; Veec =+12V; R1 = 10KQ; R2 = 10KQ; R3 = 5KQ;
R4 = 15KQ.

a/ Xac dinh Vout

b/ V61 gid tri trén, xac dinh Vin2 dé Vout = 3Vp

¢/ Véi gia tri trén, xac dinh R3 dé Vout= -5Vp

5.5. MACH VI PHAN, TiCH PHAN

5.5.1. Mach tinh phan
5.5.1.1. Dang mach

Mach tich phéan c6 dang nhu Hinh 5-23

C
|
|
+Vcce
R o
V> AA—— ™
e Op - Amp
O
-Vcc

Hinh 5-23 Mach tich phdn
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5.5.1.2. Phan tich

V., —v dv
i — +C 0
dt
suy ra:

1
v, =—E_|.vi(t)dt

5.5.2. Mach vi phan

5.5.2.1. Dang mach

Mach vi phan c6 dang nhu Hinh 5-24

5.5.2.2. Phan tich

i+ti=0

R
ANN
+Vce
(o]
C
[Vin I I R
e Op - Amp

(o]
-Vce

Hinh 5-24 Mach vi phan
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5.6. BAI TAP

5.6.1. Bai tap 1

Tinh Av cda toan mach sau: V&1 R1 = 25KQ; R2 = 200KQ; R3 = 39KQ; R4 =
50KQ; R5 = 150KQ; £Vce =+15V.

R2 +Vcc
o
AN N\NN— [ Vout >
RN Op - Amp2
+Vcc
R 0
1 |
[Vin—>—AAA N Rs
(]
NN -Vce
| Op - Amp1 ANANA
O
-Vce 2 R R5
= 4

5.6.2. Bai tap 2
V6i Vin=1V; R1 =R2 = R3 = 1K; R4=2K; +Vcc =£15V. Tinh dong dién qua

R4

R>

AN\

+Vce

[Vin AAN
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5.6.3. Bai tap 3

Cho mach nhu hinh (Op - Amp ly tuéng). Vi £ Vee = £12V, R1 =2,5KQ; R2
= 1,2KQ; R3 = 15KQ; R4 =10KQ; R5 = 30KQ; R6 = 60KQ. Vinl= 0,2V(DC),

Vin2= 0,6V(DC).

a) Tinh dién &p ngd ra Voutl va Vout2 va bi¢n luan gia tri nay.

b) Xac dinh R4 dé Vout =-10v.

Re
— ANANA——
+Vce
+V
R, \TO - o
[VinT>—AAN——{ P AmP! ‘
AAN R
- > Vo
/l R T  op-Amp2
5
Vee [VinZ>—~AA— °
I Vinz> 1 S

5.6.4. Bai tap 4

R

3
ij

Cho mach nhu hinh (Op - Amp ly tudéng). Véi £ Vee = £12V, R1 =2,5KQ; R2
=12KQ; R3 = 1,5KQ; R4 =5KQ; R5 = 20K€Q; R6 = 60KQ. Vinl=0,3V(DC), Vin2=

0,5V(DC).

V\ N\

ANN R6
R ) ANAN
+Vcc
Vi
R4
ANN _
+
Rq R5 p Op - Amp2
3 -Vcc
Vee
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a) Tinh dién &p ngd ra Voutl va Vout va bién luan gia tri nay.
b) Xac dinh R4 min dé Vout > Ov.

5.6.5. Bai tap 5

Thiét ké mach ding Op-Amp véi yéu cau sau:

a) Vou =3V1+ 5V2—6V3. V6i Vi, Va2, Vi la dién ap ngd vao.
b) Vou =-Vi+4V,—7Vi. Vi Vi, Va2, V3 1a dién ap ngd vao.
c) Av =20

5.6.6. Bai tap 6

Thiét ké mach bao vé qua/thiéu ap + 10% dién ap ngd vao AC cua ludi dién

220v/50Hz dung Op - Amp
a) V€ mach nguyén ly.

b) Tinh todn va chon cac dai lugng c6 trong mach.
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Chuong 6: CAC MACH TAO DAO PONG

MUC TIEU CUA CHUONG

Trong chwong nay, ching ta khao sat tinh chat tao dao dong, nguyén Iy hoat dong ctia
mach dao dong. Ngoai ra, ng dung cua céc linh kién dé tao mach dao dong cling dugc
trinh bay trong chuong nay.

Chuong ndy con cung cap kién thirc co ban phuc vu cho viéc thiét ké mach dao dong
tao xung vudng theo yéu cau. Day la ph?m kién thtrc phuc vu cho moén hoc Pién tu $0.
Cho nén, sinh vién phai thyuc hi¢n lai dugc cac vi du va bai tap. Tt do, tu cho minh cac

vi dy, bai tap twong tu va giai chung dé tw kham pha tri thirc.

6.1. KHAI NIEM VE MACH TAO DAO PONG

6.1.1. Khai niém

Mach tao dao dong co thé tao ra dao dong c6 dang khac nhau nhu: dao dong hinh sin,

dao dong tao xung chir nhat, dao dong tao xung tam giéac, ....
Céac mach dao dong diéu hoa cé thé lam viéc trong dai tin vai Hz dén hang Mhz.

Pé tao dao dong c6 thé dung cac phan tir tich cuc nhu transistor, FET, khuéch dai thuat

toan.

O tan sd thép va trung binh c6 thé dung mach khuéch dai thuat toan, & tan sb cao co thé

dung transistor hay FET.

Céc thong s0 co ban cia mach tao dao dong bao gom: tan so ra, bién do di¢n ap ra, do

6n dinh tan sé (nam trong khoang 102 dén 10), cong suat va hiéu suat.

Tuy thudc vao muc dich st dung, khi thiét ké c6 thé quan tim mot vai thong s6 nao do.
C6 thé tao dao dong diéu hoa theo 2 nguyén tic co ban sau:

- Tao dao dong bang hdi tiép duong

- Tao dao dong bang phuong phap téng hop mach.

O chuong nay ta chi khao sat cdc mach dao dong bang hdi tiép duong.
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6.1.2. Piéu ki¢n dao dong

Xét nguyén 1y 1am viéc ciia mach tao dao dong dung so khdi sau:

Xv <
— . > >
a K ¢
a7l X
K w®

Hinh 6-1 So dé khoi mach dao dong

Trong do:
(1) 1a khéi khuéch dai c6 h¢ sb khuéch dai 1a K =K ¢/
(2) khéi hi tiép c6 hé s6 truyén dat 1a K u =K, &'*
Néu dat vao ddu vao cua tin hidu 1a X, va gia thuyét K K =1

Thi: Xr :Xv (Vi: Xr :K.Khl.Xv)
Vi vay, tin hiéu vao cua mach khuéch dai va tin hi€u ra cia mach hoi ti€ép bang nhau ca

ve bién d§ va pha nén cd thé n6i dau a va a’ lai voi nhau ma tin hi¢u van khong thay doi.

Do d6, mach chi dao dong khi ma tan so ciia n6 thoa man diéu kién:

K.Kuw=1Hay: K.Ku =K K, e/ @ =]
Trong do:
K — modun hé s6 khuéch dai
K — modun hé sé hoi tiép
ok — goc di pha cta bo khuéch dai
®n — goc di pha ctia mach hoi tiép

Biéu thirc trén c6 thé viét thanh 2 biéu thirc: mot biéu thire vé bién d6 (modun) va 1

biéu thirc vé pha.
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Biéu thirc vé modun: K. Ky =1
Biéu thirc vé pha: @ = @k + n=27n (n = 0; £1; £2;.....)
Nhan xét:

Quan hé biéu thuc: k.kn =1 goi la diéu kién can béng bién do. N6 cho théy réing mach
chi ¢ thé dao dong khi h¢ s6 khuéch dai cua bo khuéceh dai c6 thé bu duoc ton hao
do mach hoi tiép gay ra.

Quan hé biéu thirc: ¢ = @k + @re=27n goi 1 diéu kién can bang pha. N6 cho thiy rang

mach dao dong chi phét sinh khi tin hiéu hdi tiép cting pha véi tin hiéu véo.

6.2. MACH DAO PONG BANG THACH ANH

6.2.1. Mach twong duwong cua thach anh

6.2.1.1. Mach tuong duong

R L C
Xal )__‘
D—TI I:l o ‘ %EO
a) Ky hiéu thach anh b) So dd twong duong

Hinh 6-2 Mach twong duong thach anh
6.2.1.2. Phan tich mach
Téng tré twong duong ctia mach:

1 @’LC -1
‘0 C,+C-0’CC,

Tan s6 cong hudng ndi tiép cua thach anh 1a tan sé lam cho Zq=0

1

27NLC

Tan s cong huong song song cua thach anh la tan s6 lam cho Zq =

! 1+£

S 27+ LC C,
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Téan s6 cong hudng noi tiep nho hon tan s6 cong huong song song, dé thay doi doi
chut tan s6 cia cong huong ndi ti€p nguoi ta mac thém mot tu dién vi chinh Cs ndi

tiép.

Cs Hial

—p A

Hinh 6-3 Cdch mdc tu vao thach anh

6.2.1.3. Mach dao dong dung thach anh

+VCC

Ly
g
I
1l
@,
N

Hinh 6-4 Mach dao dong dung thach anh
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6.3. MACH TAO XUNG VUONG

6.3.1. Qua trinh qua d¢ trong mach RC

6.3.2. Mach RC

K
-~ _Jj R

My

—

gE— U

Hinh 6-5 Mach RC
6.3.3. Phan tich
Gia st tai thoi diém trudce khi dong khoa K, Uc =0,

Tai thoi diém t = 0 dong khoa K, Uc(t) =?

Ur+Uc=E
Ur=iR voi i =c Ve
dt
= RC U, +U,. =E
dt

vay: U, (t)=E(—e™'7)

v6i T=RC: Thoi hing nap cta tu dién.
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6.3.4. Mach dao ddng da hai bat 6n dung BJT

6.3.4.1. Dang mach

Vout1

6.3.4.2. Phan tich
t1 = 0,693 Rp2.Ca
t2=0,693 Rp1.C

T=t+t

Q1 Q2

»/
7 \

Hinh 6-6 Mach dao dong dung BJT

> +Vcc

Vout2
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6.3.5. Mach dao dong da hai bat on ding Op-Amp

6.3.5.1. Dang mach

R
NN
+Vcce

A

"~ Op-Amp
> [Vout>
+/
S F
\

-Vcc

I
|l
@)

Hinh 6-7 Mach dao dong dung Op - Amp
6.3.5.2. Phan tich

Hai muc trang thai cia ngd ra tuong ing voi mic bao hoa duong va bao hoa am cua
mach khuéch dai thuat toan. Tin hi¢u hoi tiep duong dua t61 ngd vao V- cd dang giong

R, A

lan.
R, +R,

nhu ngd ra Vo nhung nhé hon

Do d6, khuéch dai thuat toan s& doi trang thai tin hiéu ra mdi khi tin hiéu vao dao dat

L R R 1A AiAL £ A
giatri: E.——— hay —E. 2 lR (v6i E 1a dién ap nguon)
_+_

1+ 2 1 2

Chu ki dao dong cua mach dugc xac dinh theo biéu thuc:

T =2RC ln[l+ 2R1J

2
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6.4. MACH DAO DONG DA HAI BAT ON DUNG IC555

6.4.1. Dang mach

| 8 4

Reset

Vce
qué LM555
— 3
= Out

Cc
0
0

+Usat

Uee /\/\/\ GND  Control

Hinh 6-8 So' d6 nguyén Iy mach dao déng tao xung vuong.
6.4.2. Hoat dong

Theo so d6 nguyén 1y mach ta thay dién ap trén tu dugc cap vao chan 6,2 cia
IC va do d6 dién ap nay s& dicu khién trang thai ngd ra Out. Khi déng cong tac cp
dién cho mach vao thoi diém to, dién 4p trén tu ban dau bang Ov nén dién ap ngd ra
Out & murc cao +Usa. Lc nay chan 7 caa IC c6 tong tré vao rat 16n nén toan bo dong
dién tir ngudn qua R; déu qua R» va nap cho tu C. Dién 4p trén tu ting dan theo ham

~

mu.

Khi dién ap trén tu ting dén ngudng 2U./3 va bat dau 16n hon ngudng nay (tic
1a Iac d6 Usz > 2Ue/3) thi ngd ra Out ngay lap tirc chuyén xudng muc Ov va twong
g chan 7 ¢6 dién ap Ov do Transistor Qi (bén trong IC) dan bao hoa. Luc nay dién
ap trén tu 16n hon dién &p tai chan 7 nén tu khong nap nita ma bat dau xa dién qua
R, dén chan 7 dong thoi dong dién tir ngudn Uee qua Ry dén chan 7, hop luu cua 2
dong nay chay vao chan 7 va qua Transistor Qx xuéng mass. Giai doan nay IC c6 thé

hong do hong Qxanéu dong tir ngudn Uee qua Ry qué 16n (néu chon Ry nho).
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Khi ty dién xa dién thi dién ap trén tu giam dan. Lic mdi bat dau xa dién thi uc
xap xi mirc 2Uco/3 va sau d6 giam xudng. Khi ue giam < Uc/3 thi lap tirc ngd ra Out
dao trang thai tir Ov 1én mirc cao +Usa, lic d6 chan 7 trd lai trang thai téng tré cao.
Tu khong x4 dugc nlra va qua trinh nap lai 1dp lai, cr nhu vy mach luon ¢ trang thai
dao dong 1am dién ap ngd ra Out ludn chuyén doi giita 2 mirc Ov va +Usg tirc 13 ¢o
dang song vudng ¢ ngd ra Out. Chu ky lap lai ciia xung do toc d nap va xa quyét
dinh tuc 1a phu thudc vao tu dién C va cac dién trd Ry, Ra. Céac linh kién nay co6 gia
tri cang cao thi toc d nap xa cang cham va tan s6 xung vudng tai ngd ra Out cang
thap. Quan hé gira dién 4p trén tu va dién 4p ngd ra Out nhu hinh 6-9

10V

élléuéc_f_élilZZZIZZIZ:IZZI:ZZZZIZZZZiZZZZ:IZZI:ZZZ
At———>

5V

ov

i eleidoanquéds L Gy Tl

fiﬁe
Hinh 6-9 Quan hé giita dién dp trén tu va dién dp ngo ra trong mach dao dong
tao song vuong voi U = 9v.

Tinh chu ky va tan so cua dién ap ngo ra QOut.

Chu ky T ciia séng ngd ra gdm hai giai doan : giai doan ngd ra & mirc cao tu
(Gng voi giai doan tu nap dién — doan AB) va giai doan ngd ra & muc th?ip tL (ing voi
giai doan tu x4 dién — doan BC). Chu ky T =ty + tr

Tai diém A, dién ap trén tu l[d uc = Uc/3 va tu bat dau nap dién tur ngué)n U qua Ry
va Ry. Nhu vy néu chon gbc thoi gian t = 0 ing vdi tai A thi phuong trinh dién ap

tréntula :
2U U
u b= cc ]_e—f/rn cc
= )+ 5

Vv6i Ta 12 thoi hang nap dién : t.= (R + R2).C ; Ry, R» [Q], C [F].
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Tu két thuc giai doan nap dién va bat dau giai doan xa dién tai diém B, lac d6 dién

ap trén tu xap xi muc 2U./3. Goi t; 13 thoi gian twong tng tai B ta c6:

Uty = 2ee (1_ gt )y Yoo - 2ee

3 3 3

—1 =In21, =In2.R, +R,).C ~ 0,693.R, +R,).C

Nhu vay ta c6 thoi gian dién 4p ngd ra & muc cao la:

t = In2.(R; + R,).C ~ 0,693(R; + Ry).C

Tai B, dién ap trén tu 1a 2U./3 va tu bat dau xa dién qua R» cho dén diém C thi két
thuc giai doan x4, dién ap trén tu con lai 1a Uc/3. Phuong trinh dién ap trén ty trong
giai dan BC 1a: u_ = u_(t,).e """/

trong d6 tx 12 thoi hang xa dién; tx = R2.C v6i R2 [Q] va C [F].
Khi t = t, (thoi diém twong tng tai diém C) ta c6 uc = Uee/3, tiic 1a:

2U —(t2-t1) /1, Ucc

=—°¢ a =
Ue =73 3
—(t, 1) =In2z, ~0,693R,.C

Hiéu (t2 — t1) chinh 13 t.. VAay thoi gian dién ap ngd ra & mirc thap 1a:

it = In2.R>.C ~ 0,693.R>.C]

So sanh ty va tp nhan thay luén luén cé ty > ti. Nhw vy dién dp ngé ra cé
thoi gian & mikc cao dai hon thoi gian & mirc thap.
Chu ky cua di¢n ap ngo ra la:

T =ty +tL = In2.(R; + R2).C + In2.R,.C = In2.(R; + 2R»).C

T = In2.(R; +2R,).C ~ 0,693(R, + 2R,).C|

Tan so cua tin hiéu ngo ra la:

1 1 1,443

T In2.R, +2R,).C (R, +2R,).C
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Vi du: Mach ¢6 Ry = 1k; Ry = 2,2k; C = 10uF thi tan sb cua dién ap o6 ngo ra la

1 1 _ 1 _ 10 hg
T In2.R,+2R,).C In2.(1000+2.2200).10.10° = 54.In2 "

Pé y la trong mét chu ky nap xd cia tu dién, dong dién di qua R; mét lan duy
nhdt nhwng di qua R> hai lan. Trong cdc cong thike tinh chu ky va tan sé ta thdy cé

hé so 2 truoc Ro.

Trong truong hop can xung vudng ngd ra cé thoi gian mirc cao bang thoi gian
mirc thap (trc 13 xung vudng co d6 rong 50% chu ky) thi phai thiét ké sao cho thoi
gian nap dién cua tu bang thoi gian xa dién. Piéu nay c6 thé dat dugc bang cach dung
thém Diode nhu mach hinh 6-10. Khi d6 dong dién nap s€ di qua R va D1, dong dién
xa di qua R, va Da. Néu chon R; = R, thi dién trd trén duong nap dién va duong xa
dién 1a nhu nhau dan dén thoi gian nap dién va thoi gian xa dién bang nhau, két qua
1a ta c6 dang song vudng & ngd ra Out cd d6 rong mirc cao bang 50% chu ky (xem
hinh 6-11.

!

Reset

Vce
Qé LM555
= 3

Out ———o

+Usat
2uee GND Control
ov ov

T fo
L i
-0

Hinh 6-10 Mach tao séng vudng cé dé réng mirc cao bang 50% chu ky.
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10V

5V

ov

Hinh 6-11 Quan hé giita dién ap trén tu va dién dap ngoé ra voi Ue. = 9v, co dang

xung vuong co do rong murc cao bang 50% chu ky.

Trong trudng hop gan thém Diode nhur hinh 6-10 thi thdi hang nap va xa co thay

ddi, cu thé 1a:
T = (R + 1p).C
7% = (Ra + 1p).C

trong do rp la dién tro thudn cua Diode (thuong co gia tri bé khoang vai chuc €2)

va ¢6 thé bé qua trong cdc tinh todn gan ding.

Nhu vay thoi gian ty va ti thay doi din dén chu ky T va tan so f tinh theo cach

khéc, cu thé 1a:
ty = In2.(R; + 1p).C = In2.R;.C

tr = In2.(R2 + 1p).C ~ In2.R».C

T=ty+t.=In2.(R; + R, + 2rp).C ~ In2.(R; + Ry).C|

T In2.R,+R,+2,).C  In2.R, +R,).C

Neéu chon R; = R, va kha 1én so voi rp thi ta co:

T ~2.In2.RC ~ 1,386.RC|
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‘o 1 072
“2.In2RC ~ RC

Vi du: Mot mach dao dong c6 so d6 nguyén 1y trén hinh 6-10 v6i R = Ry = 1k;
C = 0, 1uF thi tAn s xung tai ngd ra 1a:

1 072 072

f ~ ~ 072 _ — 7200Hz.
2.In2RC ~ RC ~1000.01.10° ~ /200Hz

Mach tao xung vudng ding IC 555 ¢ nhiéu tmg dung, vi du tao tin hiéu am
thanh trong céc thiét bi bao dong, dung lam tin hiéu xung Clock trong cac mach dém,
diéu khién dén nhap nhay v.v. V& nguyén Iy 1am viéc ciing cach tinh tan s tin hiéu
ngd ra déu da chi ra trén day, tuy theo nhu cu thuc té, nguoi thiét ké co cach dung

mach phu hop.
6.4.3. Mach da hai don 6n

6.4.3.1. Dang mach

o s
% R ; Vce Reset
6 Qxa EI LM555
+
Uce = L
T 2| .. = 3
o Trigger Oout
Ucc Uce -cmmcmmmmcmaanaee.
+Usat
| ‘ L GND Control
M
Ov! 1 J_E, 1,IRC
tio ov to
1 .

_L/_
-0
Hinh 6-12 So dé nguyén Iy mach don on.
6.4.3.2. Hoat dong

Nhu d3 noi dén trong phan tong quan vé IC 555, trang thai ngd ra caa IC phu
thudc vao hoat dong cua hai b so ap bén trong IC. Cau phan 4p bén trong IC chia
dién ap nguodn thanh 3 phan bang nhau va dién ap tai ngd vao (-) cia bd so ap 1 1a
2U.e/3, dién ap tai ngd vao (+) ctia bd so ap thtr 2 13 Uee/3. Chan s6 6 14 ngd vao (+)

cua bd so ap 1 va chan s6 2 1a ngd vao (-) ciia bd so ap 2.
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Trong mach ¢ hinh 6-12, binh thuong dién ap tai chan 2 & mic cao hon Uc/3
nén ngd ra R cia bd so ap 2 ¢6 mire dién ap Ov (mic 0). Pién ap tai chan sé 6 chinh
1a dién ap uc trén ty. Néu vi 1y do nao d6 dién ap uc > 2Uce/3 thi ngd ra S = 1 va nhu
vay ta ¢ S = 1; R = 0 nén ngd ra Out c6 muc ap thap dong thdi v6i chan sé 7 ciing
c6 dién ap thap (0v), lac nay tu C sé& xa dién va dién ap uc s& giam. Khi ue giam <
2Uce/3 thi S = 0 nhung ltic d6 R = 0 nén trang thai ngd ra van khong dbi va tu tiép tuc
xa dién cho dén hét (uc = Ov). Trang thai ngd ra & muc Ov 1a trang thai 6n dinh cua

mach. Trang thai cia S va R Iic 6n dinh1a S=0va R =0.

Uce
o
iR
Ov bz :

—=c out|
Ov

= SEo—t

2 M%;hzso R = 0

Ucco c

Hinh 6-13 Trang thdi on dinh cia mach trén hinh 6-12

Khi dién 4p tai chan 2 tir mic cao hon Ue/3 chuyén xuéng mirc thap hon Uce/3,
ta no6i IC dugc kich. Lac d6 b so ap thir 2 c6 ap tai ngd vao (+) 16n hon dién ép tai
ngd vao (-) nén ngd ra R = 1 trong khi ngd ra ciia b so ap thir 1 van 14 S = 0 dan dén
ngd ra c6 trang thai mirc cao +Us. Chan s6 7 lic nay tré nén c6 téng tro vao cao va
tu C duoc nap dién. Khi u. ting dén mirc hoi cao hon 2Uc/3 thi S = 1, néu luc nay da
mat kich tirc 14 dién ap tai chan 2 da chuyén 1én mirc cao hon Uc/3 thi R = 0 va ngb
ra chuyén xudng murc thip Ov. Nhu vay khi mach duogc kich thi ngd ra Out tam thoi

chuyén 1én mirc cao mot thoi gian, sau do trd lai mrc thap.
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Ucc
o

Céngtéc hdra
trong thdi gian ngé

> 6\
i ra Out 8 miic cao

2Ucc

Out Usat

Ov
Oov—

1,1.RC

Xung kich

Uce 2
| ‘ o
Ov

Hinh 6-14 Hoat dong cua mach trén hinh 6-12 khi mach duoc kich.

Ucc
Tin hiéu kich tai chan 2

Oov
2Ucc

e

ién ap trén tu

bién dp ngé ra

1,1.RC

Ov

Hinh 6-15 Quan hé gitra tin hiéu kich, dién ap trén tu C va dién ap ngo ra.

Tinh toan thoi gian ngo ra o muc cao:

Thoi gian ngd ra & muc cao twong ung voi khodng thoi gian tu nap dién tu
ngudn U qua dién tr¢ R. Dién &p ban dau trén tu 1a Ov va luc cudi giai don nap la

2U. /3.

Phuong trinh nap dién 14 : uc = Uc(1 — eRC) néu chon gdc thoi gian t = 0 Iic tu
bat dau nap, day la thoi diém tin hiéu tai chan 2 chuyén tir mirc cao xuéng murc thép

va cling la thoi diém dién ap ngd ra chuyén tir mire thap 1én muc cao.

Khi uc = 2Uc/3 thi ngd ra tré lai muc thap, goi thoi diém nay 13 t; ta c6:
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uc(tl) = 2Ucc/3

2U
U 'I_e—H/RC — cc
< CC( ) 3
= e—H/RC — l
3

= t1 =In3.RC~ 1,1.RC

Vay thoi gian ton tai mirc cao ¢ ngo ra la:

T,=1In3.RC~ 1,1.RC| (T, : Time of Pulse)

Pé tao ra xung kich cho mach don on, nguoi ta dung nut nhan hodc mach vi
phan. Phuong phap dung mach vi phan duoc sir dung khi mach mét trang thai bén

dugc str dung trong mot hé théng nhidu tang hoic duoc kich bang tin hiéu tir mot

mach khac.
g1 [8 4
e H
R ey R Vce Reset
3 7
51 | Céng tdc hd
= é ralict=to
+ 31
Uce = 3 € s
) i 2 | Trigger Out ——o
v Uee o lioa ™
do ——c GND Control
(:?’ Q T 1 J_5 1,IRC
Nhén nuat
IGc to ov ;
I i
O

L
=0

Hinh 6-16 Mach don én kich bang niit nhdn.
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+Ucc
o
g ! |8 4
£ | Vce Reset
DA %m F % R .
5 ! Cong tdc mé
§ E 6 ralict=to
g L
S 2 = 3
o—| : Trigger out — o
Uce Uce * Uce e [
-=C GND Control
Va Y
1 J_s 1,IRC
Oov — ov ov n
fo to T (i}

O O
;L_
-0
Hinh 6-17 Mach don 6n kich bang mach vi phan.
6.5. BALTAP

6.5.1. Baitap 1

Cho mach dién nhu hinh. V&i Re1 = Re2 = 10KQ; Rci = Rz = 1KQ; C1 =C2 =
4, 7uF

> +Vcc

R RBZ RB1 RC2

— O
N
::(_'\)

Vout2

<ved N

Q1 ;I_/ %QZ

b)Tinh thoi hang nap va xa cua tu dién

c¢) Tinh tan s6 ciia mach dao dong.
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6.5.2. Bai tap 2
Cho mach dién nhu hinh sau:

O
> Vout>

-Vcc

.
LT

Voi = 15KQ, C =22pF, R1 = 10KQ, R2 =3,3KQ, Vcc =+ 12V
a) Tinh tan s6 dao dong ciia mach
b) V&i cac théng sé nhu hinh, thay d6i gia tri tu C dé tan s ngd ra =1Hz?

6.5.3. Baitap 3

Thiét ké mach dao dong bat on dung IC 555 ¢6 Ton = Toff va f= 1Hz (cho Rpiode
=0Q)

6.5.4. Bai tap 4
Thiét ké mach dao dong bat 6n dung IC 555 c6 tan so thay doi tir 1-20Hz
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Chuong 7: NGUON PIEN

MUC TIEU CUA CHUONG

Nguon dién mot chiéu (DC) rat quan trong trong dién tir, nd phuc vu & tit ca cac mach
dién. Vi vay, sinh vién phai nam ving kién thirc co ban dé thiét ké mot mach ngudn 6n
ap theo yéu cau ctia ngudi sir dung.

Chuong nay cung cép céac kién thirc co ban cho viéc thiét ké ngudn on ap st dung linh
kién roi hay tich hop (IC). Cho nén, sinh vién phai thuc hi¢n lai dugc céc vi du va bai

tap. Tir d6, tu cho minh céc vi du, bai tip twong tu va giai chiing dé tu kham pha tri thuc.

7.1. GIOI THIEU VE NGUON DIEN

7.1.1. Gi6i thiéu vé ngudn dién

Ngay nay céc thiét bi dién tr déu str dung dién ap DC, trong khi d6 hé thong dién
thong dung 13 AC do d6 viéc chuyén dién tir AC sang DC 14 can thiét. Mit khac céac thiét
bi cang hién dai thi can dién 4p cung cip cang cao, tudi tho cta thiét bj dai hay ngan phu

thudc rat nhi€u vao tinh 6n dinh cua nguon cung cap.

Ban chét cia ngudn dién trong dién tir 13 ta phai chuyén tir dién AC sang DC va phai

dugc on 4p. So dd hinh 7-1 cho ta thy rd hon.

Bién dp Ubc Uout
~ + —0—p— + +
|DC |oui
1 Mach Tai
Chinhluu | “Tloc 6nép R
~ - - -
-0 -0

Hinh 7-1 So dé khéi mach én dp
7.1.2. Tinh 6n 4p ciia nguén
Tinh 6n 4p ctia ngudn chinh 14 kha nang gitt mot dién ap khong ddi khi dong tai thay
d6i. C6 hai dang 6n 4p la: on ap duong (line regulation line) va on ap tai (load

regulation).
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Trong d6 6n ap tai dugc tinh theo cong thire sau:

M*IOO%

FL

Load _regulation =

Trong d6 Vi 1a dién ap ra khi khong tdi(tirc 1a khong c6 dong qua tai), Ve 1a dién ap
ra khi day tai(NL: no load; FL: full load).

On 4p dudng duoc tinh theo cong thire sau:

M*IOO%

Line _regulation =
Vout (rate)

Trong d6 Vi va VL nhu chi thich trén, con Vougate dién ap ngd ra theo du kién(theo

thiét ké).

Vi du: ngudi ta thiét ké mot mach 6n ap 12V, nhung khi c6 tai thi dién ap ra con 11,8V,
khi khong tai dién ap ngd ra la 12,1V. Nhu vy Vni=12,1V; ViL=11,8V; Vouate)=12V.

7.2. NGUON ON AP BANG ZENER

Pé 6n dinh dién 4p cho modt ngudn dién cé cong suat nho thi nguoi ta thudng dung
Zener. O ché d6 6n ap zener dugc phan cuc nguoc va dién ap phan cuc ngugc nay sé
phai 16n hon di¢n ap zener. Mach dugc vé nhu hinh 7-2.

R

NANN—F IVout >

| Dz
Vece =

Hinh 7-2 Mach én dp ding Zener
Khi dién ap ngudn 16n hon dién ap V7 thi dién ap ra chinh bang dién ap Vz va khi
d6 c6 dong di qua zener. Phan dién ap vugc qua dién ap Vz sé roi trén dién trd R cho
nén dién tré R dugc goi 1a dién tré han dong. Khi dién ap nguén nhé hon di¢n ap V7 thi
zener khong c6 tinh 6n ap, dién 4p ngd ra bang dién ap ngudn, dién ap trén R bang
khong, Khi d6 zener duoc coi nhu hé mach (thyc ra van c6 dong qua zener nhung rat
nho) c6 thé xem lai dic tuyén o nhitng chuwong trudc. Thyc ra dién 4p Vz khong ¢ dinh

ma thay d6i theo dong qua n6, khi dong qua zener cang 16n thi V7 cling ting theo. Nghia
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1a tinh 6n 4p khong con khi tai thay d6i (mdc du Vz khong nhiéu). Khi dung mach 6n ap
dang nay chiing ta phai chii y dén dién tré han dong, rat c6 nhiéu kha ning dién tro nay
khong chiu n6i dién ap roi trén nd. Do d6 dién tré ndy can duoc tinh toan trude khi sir

dung.

7.3. NGUON ON AP NOI TIEP

7.3.1. So o khéi

Khbi diéu
o] > khién va >
ro1 ap
4 Yy 3
Vbc Khdi ’ — VD.C on

khong dién ap Khéiso | Khoi lay dinh
on dinh chuin > sanh ) mau

o, 0

Hinh 7-3 So' d6 khoi nguén én dp noi tiép
7.3.2. Hoat dfng ciia mach

Mot cach don gian ta hiéu mach hoat dong nhu sau:

Khi dién ap ngd ra thay dbi thi dién ap ldy mau ciing thay doi theo. Sy thay doi nay
dugc nhan biét boi bo so sanh nhd vao chuan. Khi bo so sanh nhan thay sai biét tirc thi
kich dén b6 roi 4p nham hi¢u chinh lai dién ap cho 6n dinh. Loai 6n ap nay dap ung
cham nén khong thé dung trong cac may hién dai ¢ do chinh xac cao nhu may tinh,
TV...

7.3.3. Mot s6 mach cu thé

7.3.3.1. Dung Op — Amp:

Trong mach hinh 7-4 nay rat rd rang ta thdy Op_Amp dung trong khdi so sanh, diode
zener dung dé tao dién 4p chuén, ciu phan 4p R dung ldy dién ap mau, Q 1a thanh phan
roi ap va ciing chinh 1a thanh phan diéu khién.

Binh thuong dién 4p chuin va mau dugc tinh theo mot gia tri nao d6 dé cho Op_ Amp

lai Q hoat dong binh thuong cho ra dién &p ngd ra binh thuong.
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Khi dién ap ngd ra giam xudng thi di¢n 4p mau gidm theo so vaoi dién &p chuan nén op-
amp l4i 1am cho Q dan manh, dién 4p roi trén Q giam xudng va nhu vay dién ap & ngd

ra tang lén nhu binh thuong.

»

Q
lVout >
) I ; R2
1 Op - Amp

T Vcc
R
3
’ZS/ Dz %

Hinh 7-4 Mach nguyén Iy 6n dp néi tiép dimg Op_Amp
Khi dién ap ngd ra tang 1én thi dién 4p mau ting 1én so voi dién ap chuan lam cho op-

amp lai Q dan yéu, dién ap trén Q ting 1én, dién ap ngd ra giam xudng binh thuong.

Diode D ¢6 tac dung bao vé mach khi bi ngin mach tai. Khi tai bi ngan mach thi K cta
diode dugc ndi dit diode dan, toan bod dong do qua diode, dong qua Q chi c6 vai mA

nén Q duoc bao v¢.
Nhu mach dién trén ta c¢6 theé xac dinh dugc dién ap 6n dinh ngd ra nhu sau:

Vi dién ap trén chan + va — ciia Op_Amp 1a nhu nhau (theo tinh chat cia Op_Amp)
nén dién ap tai A cling chinh 14 dién ap cua zener. Tir d6 ta tinh dugc dién 4p 6n dinh

ngo ra nhu sau:

R2+R
=—R3 *Vout , suy ra: Vout _fer RS 3 *V,
R2+R3 R3

A

Trong d6 Va=Vz.

R2+R3

Vay Vout =
ay vou R3 z
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7.3.3.2. Mach str dung 1 BJT

Q
k__ﬂ 4 {Vout >
;: VNNV Rt
TV
" R ’ZS/ Dz

Hinh 7-5 Mach 6n dp ding 1 BJT.

Dién 4p ngdra: Vo= Vi— Vce

Nhu vay, dé ap ra Vo on dinh thi Vcr phai thay doi theo Vi. BJT phai dugc
phan cuc & ché d6 khuéch dai dé c6 thé ting giam Ve

Hoat dong ctia mach nhu sau: Khi V; thay ddi s& lam V, thay d6i theo. Vi Vz
khong dbi nén Vae cia BJT s& thay doi 1am do khuéch dai ciia BJT thay doi theo. Do
d6 Ve sé thay doi theo Vilam Vo 6n dinh.
Quan hé vé dién ap:  Vo=Vi—Vce; Vee=Vz- Vo
Quan hé vé dong dién: Ir=1Ip+1Iz

Ta thfiy dién &p ra cua mach chi phu thudc vao Vz nén cé gia tri on dinh.

Nho ¢6 BIT khuéch dai nén dong dién qua tai 16n hon nhiéu so véi dong qua
zener, va dong qua zener ciing khong 16n khi dién 4p vao Vi 1én nén mach nay co thé
st dung cho tai cong suét 16n.

7.3.3.3. Mach str dung 2 BJT

Pay 14 dang mach 6n 4p néi tiép, str dung thém BJT Q. dé khuéch dai khac
biét giita dién ap chuan va dién ap mau trudc khi dua t6i diéu khién BIT Q; dé 6n
dinh di¢n ap ra V.

Nguyén Iy hoat dong cia mach tuong ty nhu d6i vi mach hinh 7-5: Khi 4p ra
Vo thay ddi theo ap vao Vi, s& 1am cho dién ap phan cuc chan B cia Q» thay d6i, lam
cho Qa2 thay d6i do khuéch dai, két qua 1a dong chan C cia Q. thay ddi nén do khuéch

dai ctia Qi ciing thay d6i. Do d6 giit cho dién 4p ra on dinh.
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R,

Taco : Vrs4 =Vz+ Ver2= V)
R, +R,

4

R, +R > Je
Vo=V +V, )% = Hing s0

Dién 4p ra:
Nhu vay gié tri dién &p ra Vo ludn 6n dinh vi chi phu thude vao gia tri cac di¢n

trd va zener dugc chon trudc.
Q1
R L _4 4 Vout >
1
Q2
-l R,
= R,
R4

Hinh 7-6 Mach én dp ding 2 BJT.

7.4. NGUON ON AP SONG SONG

7.4.1. So d6 khoi
o | Khéi tao dién .
ap ro1 Vout
Khéi tao ap Khoi Lay dién
chuan ap mau
\ 4 \ 4
Khéi so Khoi dicu
sanh e khién
o o)
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7.4.2. Hoat dfng
Khi dién &p ngo ra thay doi thi khoi so sdnh s€ nhan biét dua vao vi¢c so sanh dién ap
lay mau va dién ap chuan. Khoi so sanh sé& kich hoat khoi diéu khién 1am cho khoi nay
cho dong qua nhiéu hay it dan dién dién 4p roi trén khoi roi 4p s& ting hay gidm la cho
dién &p ngd ra 6n dinh.
Ciing nhu loai 6n ap ndi ti€p, on ap song song co6 kha nang dap rng cham nén cling it

duogc str dung trong cdc may hién dai va can do chinh xac cao.

7.4.3. Mach thue té

7.4.3.1. Mach st dung Op -Amp
Rz
ANN\N— IVout >
;Fﬂ R,
. Op - Amp
- VcCC > [
v
7))
z R4

Hinh 7-8 Mach én dp song song ding Op_Amp
Khi dién 4p ngd ra binh thuong thi dién 4p ngd ra cia Op_Amp 14i Q din & mot mirc do

nao do.

Khi dién ap ngd ra tang vi mot 1y do nao do thi dién ap 14y mau tang theo lam dién ap
ngd ra clia op-amp ting 1én lam Q din manh, dong qua R; ting theo nén dién 4p roi trén

R» tang lam cho dién ap ra gidm tr¢ lai binh thuong.
Khi dién 4p ngd ra giam xudng, dién 4p mau giam theo lam Q din yéu dong qua Ra

gidm nén &p trén no cling giam do do dién ap ngo ra tang 1én nhu binh thuong
198
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Vi dién ap ¢ hai ngd vao ctia op-amp la nhu nhau nén dién ap tai A chling chinh 1a di¢n
ap zener tur do ta c6 di¢n ap ngo ra dugc tinh bang cong thuc sau:

R3+R4,
R4

Vout =

VZ

7.4.3.2. Mach st dung 1 BJT

R1
AAN— [Vout>
Dz
. Q1 R
_: Vin ; t
RZ

Hinh 7-9 Mach én dp song song ding 1 BJT
Xét mach nhu hinh 7-9

Pay 1a dang mach 6n ap c6 BJT diéu khién mic song song véi tai Re. BIT dugc

phan cuc hoat dong ¢ ché do khuéch dai.

Zener tao ap chuan khong d6i Vz, dién tré Ry tao ra do 1éch dién ap AV dé 6n dinh
ap ra Vo khi ap vao thay doi.

Nguyén ly hoat dong ctia mach nhur sau: Khi Vithay dbi sé 1am Vo thay dbi theo.
Vi dién ap zener Vz khong dbi nén ap chan B ciia BJT sé& thay d6i theo V. Ma V= Vi
nén khi Vg thay ddi s& 1am cho do dan dién ctua BJT thay ddi. Khi do dong dién Ic cua
BIT s& thay ddi lam AV thay d6i nén 6n dinh duoc dién ap ngd ra Vo.

Quan hé vé dong dién:  Iri=1Iz+ Ic+ I
Quan hé vé dién ap: AV =Iri.Ri = (Iz+ Ic+ I).Ry
Dién ap ra: Vo =Vi-AV
7.4.3.3. Mach st dung 2 BIT:

Xét mach nhu hinh 7-10.
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Nguyén tic 6n ap ciia mach ndy twong ty nhu mach hinh 7-9.
Mach sir dung thém BJT Q. 1am tdng d6 nhay cua mach va ting dong dién qua BJT Q1.

Dién ap ra:

Vo =Vz+ Varoi +VBez = Vz + 1,4V = hing s6

ANN—2 Vout >

Dz

— Q2

T Vin ; R
t
Q1
R2 4|

Hinh 7-10 Mach én dp song song dimng 2 BJT
7.5. ON AP BANG VI MACH

Ngoai cac cach 6n ap bang linh ki¢n rd1 nhu trén, ngudi ta con dung mot so vi mach o6n

ap chuyén dung nhu 78xx, 79xx hoac LM317...
7.5.1. Mach 6n ap (+) dung IC 6n ap ho 78xx hoic twong dwong:

IC 6n ap ho 78XX do nhiéu hang ché tao cung céap 1a ho IC 6n ap (+) c6 dién ap ngd ra
dung bang chi s6 XX sau s6 78 ghi trén vo IC khi thoa man cac diéu kién gidi han cia

dién ap vao va dong tai do nha san xuét quy dinh.
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7.5.1.1. Kiéu vo va y nghia cua cac tién td, hau td trong ky hi¢u cua IC.

11.5 MAX
S 1012202 444402
-+ 9 5
= - 3.6 15 1.26+0.1
::.i a.0 -0.08
E== iadt: e
- o2
I:":! s =
= +
=
LD_ m:
=] =
H
LD_
£ } ——————— e
- ! ||_ r — 2.7 MAX
| 1.5 MAX i
L =
+H
L =
= 0 076+01 =
-+
B I
P~ |
254 +0.5 2.54 +0.5 0.5 +0.1
| I S |

Hinh 7-11 Kiéu vé TO-220
L0
65+05 < 23+02
54 +05 P~ 0.55 + 0.1
, BT
‘ Wi
LQ‘
Lo ]
+
Lo
Ly
— e _I L v il
* 1.2+0.3
1.15+ 0.1 -
0.8+0.1 . ] I
| ! —| =«
mm |
e = F =
220+05| | 220:05 || 0.55+0.1
T LIL

Hinh 7-12 Kiéu vé D-PAK

E.:ll:I:ul:Ll

Y nghia cua cac tién to va hau to:
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KA7805C

2 chit ddu dé
phén biét nha S$X

S 78 dé phan biét v3i IC 8n ap (-)

$6 05 chi mic dién dp ngb ra la 5V

Ky td cudi chi mic déng dién t6i da é ngd ra

Pho bién trén thi truong hién nay ta c6 cac IC 6n ap mang chi so:

7805; 7806; 7808; 7809; 7810; 7812; 7815; 7818; 7824.
Dong dién ngd ra max cua cac IC nay thudng ¢ cac cip: 0,5A; 1A va 1,5A.
7.5.1.2. Cac thong s6 k¥ thuat dién hinh ctia mét s6 IC 6n ap ho 78XX

Khi thiét ké mach 6n ap (+) dung IC ho 78xx, can quan tdm céac thong s sau:

! AU = Uin - Uout :
i+ >
° > 78XX ——o—
+ lin lout +
(lin = lQ + lout)
Uin lo ¥ Uoutl RL
?0 ?0 =l ?0

Hinh 7-13 Théng sé IC ho 78XX

@ DBién ap 6n ap & ngd ra: Uoy hoac U,
Uouws bang chi so XX sau so 78.

® Dong dién ngo ra tdi da cho phép: Loutmax) hodc lomax)
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Xem ky tw cudi trong ky hiéu IC va tra sé tay dé xdc dinh.

. A1 , . U e g ..
Khi mach van hanh ding ta c6: |, = R°”' ; Phai gidi han tai Re sao cho: Tout < louymax)
L

® Dong dién tdi thiéu & ngd ra dé dién ap ra on ap: Loumin) hoac Togmin)
Tra s6 tay dé xdc dinh.

Khi khong mic tai ¢ ngd ra (khong dung tai), dong Lou = 0 va dién ap ngd ra cua IC
c6 thé khong bang chi sé XX, mudn dién 4p ngd ra 6n dinh bang chi sé XX thi phai
duy tri dong Lout > Toutminy. Diéu ndy thuc hién bang cach gan thém mot tai phu gdm
dién tro R nbi tiép véi LED va tinh toan R sao cho dong dién qua LED khoang 10mA.
Luc d6 néu ngd ra co dién thi LED sang bao hiéu, dong thoi dong Lou ludn ludn cd

gi tri 16n hon Loumin) (khodng SmA d6i v6i ho IC 78xx), ddm bao ngd ra ludn 6n ap.
@ Dién ap ngd vao tdi da cho phép Uinmax)
Tra s6 tay dé xdc dinh.
® Dién ap ngd vao tbi thiéu dé dién ap ra 6n dinh: Uin(min)
Tra s6 tay dé xdc dinh.
Piéu kién dé mach van hanh dung 13: Uinminy < Uin < Uin(max)
® Cong suat tiéu thy toi da cho phép (trén IC): Puax
Tra s6 tay dé xdc dinh
Cong suat tiéu thy trén IC khi van hanh 1a: Pic = AU L,
Pé IC van hanh an toan thi: Pic phai < Pax
@ Dong dién Io & chan ndi dat cua IC.
Tra s6 tay dé xdc dinh.
Biét Iq dé tinh Lin: Iin = Lo + Io

Thir tw chan va cdac ngo vao/ra
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V6 nhom

|| tan nhiét
il KA7805C
e nnee 4y
Sl S i
Nhom tén nhiét ding kém {79 3 O Input (ngd vao).
N @ GND (Noi mass).
voi IC ® Output (Ngd ra).

Hinh 7-14 IC ho 78xx va nhom tan nhiét dung kem.
7.5.1.3. Vi duy vé thiét ké mach 6n ap (+) véi IC 6n ap ho 78XX.

Gia sir ta can thiét ké mot nguon 6n ap DC 5V c6 kha ning cung cap dong dién dén 1A
dé cung cap cho mot thiét bi dién tir. Trude nhat ta nghi ngay dén viéc dung IC 7805 dé
c6 dién 4p ra 6n ap 13 5V. Tham khao tai liéu k¥ thuat cia nhom IC 7805 ta thdy c6 thé
chon IC KA7805A cua hang FAIRCHILD Semiconductor c¢é cac thong s6 ki thuét co

ban:

® Pién ap 6n ap 6 ngd ra: U =5+0,1V

@ Dong dién ngd ra téi da cho phép: Iout(max) = 1A

® Dong dién tdi thiéu & ngd ra dé dién ap ra on 4p: lout(min) = SmA
@ Dién ap ngd vao t6i da cho phép Uin(max) = 20V

® Dién ap ngd vao tdi thiéu dé dién ap ra 6n dinh: Uin(min) = 7,5V
® Cong suit tiéu thy tdi da cho phép (trén IC): Pmax = 15W

@ Dong dién IQ ¢ chan ndi dat cta IC: IQ = 5mA
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Electrical Characteristics (KA7805/KA7805R)
(Refer to test circuit ,0°C < Ty < 125°C, Io = 500mA, V| =10V, Cj= 0.33uF, Co=0.1uF, unless otherwise specified)

KAT805
Parameter Symbol Conditions _ Unit
Min. | Typ. | Max.
Ty=+25°C 4.8 50| 5.2
Output Voltage Vo 50mA = lo = 1.0A, Po = 15W v
V=7V to 20V 475 | 50 | 5.25
. . i Vo =7V to 25V - 40 [ 100
Line Regulation (Note1) Regline | Ty=+25°C mv
Vi=8Wto 12V - 1.6 50
) lop = 5.0mA to1.5A - 9 100
Load Regulation (Note1) Regload | Tj=+25°C mv
lo =250mA to 750mA - s 50
Quiescent Current o TJ=+25°C - 50 | 80 mA
i 10 =5mAto 1.0A - 003 05
Quiescent Current Change Alg mA
Vi= 7TV to 25V - 0.3 1.3
Output Voltage Drift AVOIAT | lo=5mA - -0.8 - mwv/ oC
Output Moise Voltage VN f = 10Hz to 100KHz, Ta=+25°C - 42 - o
. - f= 120Hz
Ripple Rejection R | ot ian 62 | 73 | - dB
Dropout Voltage VDrop | lo=1A, TJ=+25°%C - 2 - Y
Output Resistance ro f=1KHz - 15 - me2
Short Circuit Current Isc V) =35V, Ta=+25°C - 230 - mA
Peak Current IPK TJ=+25°C - 2.2 - A

Nhu vay IC c¢6 kha ning cung cap dong dién dén 1A véi dién 4p ra on ap bang

5V (thoa méan yéu cau bai toan). Dién ap ngd vao cta IC cho phép dao dong trong

khoang tir 7 dén 20V. Pé c6 dién ap nay, mot phuong phap phd bién 1a ding mach

chinh luwu va loc, phai tinh toan dién ap thtr cAp bién 4p va chon tu loc sao cho dién

ap sau mach chinh Iuu va loc nam trong khoang cho phép. Ta c6 so dd nguyén 1y toan

mach nhu Hinh 7-15.

D1
1
N
BRIDGE
] . ,| KA7805A |, —— 5
s i e LN s )
M~ T GND g
CT Uin = Cin 2 la Cout E:
0,33uF 0,1uF
_L;
-0

Hinh 7-15 So dé nguyén Iy mach chinh heu, on dp 5V.
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A
Uin

Utm Uoc_ 4 D e D Zqm D S D Zqm .-

Utmin

A"Jmin

Uout
Time
Oov >

Hinh 7-16 Quan hé gitra Ui, va Uou khi mach lam viéc dung.
Chénh dp AUpin théng thuwong phai > 3V véi tat cac IC én dp ho 78XX.

Céc tu Cin va Cou c6 tac dung chong nhi€u ngd vao va ngd ra cua IC, cai thi¢n

dap mg trong giai doan quéa do, gia tri dién dung 13y theo nha san xut.

Diode D1 ¢6 tac dung bao vé IC khoi bi hong do dién ap ngugc. Néu vi 1y do nao d6
ma dién ap ngd ra 16n hon dién ap ngd vao thi IC c6 thé bi hong do dién ap ngugc. Khi
c6 Diode D; thi luc @6 D; dan dién va dién ap nguogc trén IC khoang 0,7V. Véi dién ap
ngugc nay, IC khong bi hong.

Pién 40 sau tu loc duoc cap thang dén ngd vao cia IC 6n ap. Pién 4p nay c6 dang
nhap nhd va tri trung binh ting giam theo ludi dién, ta phai tinh dién 4p nay trong trudng

hop ludi dién tai khu vuc mach lam vi¢ce co6 gia tri thép nhat.

Dién 4p chinh luu sau loc cling khong duoc nhép nhd nhiéu, tt nhat nén chon tu loc

C sao cho hé sé gon song k: < 5%.

Muén tinh toan va chon duge tu loc, phai tinh gia tri tai tuong duong cua ph?m mach

sau tu loc. Ta goi tdi tuong duong nay la R va xac dinh theo cong thirc:

V)

in(min)

R. =
P

, day la gia tri R, nho nhat tuong ung vdi cac diéu kién sut ap ¢ thu cap
in(max)

may bién ap va trén Diode ciing nhu d6 gon song 1a 16n nhat. Néu tinh tu loc véi tai
R ndy thi khi khi dung dong tai it hon, dién 4p ¢ ngd vao ctia IC on ap sé& tang 1én 16n
hon gi¢i han t6i thiéu dam bao mach van lam viéc tot, dong thoi d6 gon séng ciing

giam.
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Cac buoc tinh toan co ban:

® Xac dlnh Iin(max) .

I =1 , +lg =1A+5mA =1005A

in(max) out(max;
® Xac dinh dién ap Uinmin) :

Uin(min) = 7,5V (theo tai lieu cua nha san xudf)

® Xéc dinh dién tré twong duwong nho nhit cia mach 6n ap

(phan mach trong dwong bao nét roi trén Hinh 7-15)

Uin(min) _ 7!5

R = =
o 1,005

=~ 7,46Q

in(max)
@ Tinh toan va chon tu loc theo d6 gon song yéu cau:

Gia str d6 gon song yéu cau phai < 5%. Vi mach chinh luu cau ta ¢ tu loc C tinh

theo cong thuec:

1

K,=————<5%=0,05
4/3.1R,.C

1 1

c> _ — 7739,3.10°°F = 7739,3,F
0,054./3fR, 0,05.443.50.7,46 3

Chon C theo tiéu chuin: C = 8200uF.

. 1 1
Khi do: k, = = = 4,72%
4/3.fR,.C 43.50.7,46.8200.10"

® Tinh dién ap hiéu dung ¢ thit cAp may bién ap:
Ta c6 dién ap cuc tiéu sau tu loc 1a:
Utmin = Uin(min) = 7,5V

Mac khac voi chinh Iuu cau ta co:

U - 4fR,.C-1
™ 48R, CH+1
-6
T 4fR,.C+1 _ 4.50.7,46.8200.10™° +1 758835V

4fR,.C-1""™"" 4.50.7,46.8200.107° —1
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Do dung chinh luu cu nén:
Uzn=Umm + 1,4V =8,835 + 1,4 =10,235V

V) 10,235

=U,="2m= =731V
> 2 )2
U,=7,31V

Thuyec te, dé thiét ké mdt mach 6n ap chiing ta don gian hdéa mét s6 bude vdi muc

dich lam bét di cac khau tinh toan nhung van dam bao chirc ning ctia no.
Vi du: Thiét ké mach 6n ap c6 dién ap ngd ra 5V/1A tir ngudn 220V/50Hz.

Mach nguyén Iy chung:

. 78XX
- &
1 5 3 4 2 1 IN %OUT 3 o DVOUt
® ‘°
| 220V/50Hz

2 5 N )
™ I \ R
T P t

C1 S
Cc2
R

Hinh 7-17 Mach én ép dwong dimg IC

T mach nguyén 1y, ta can tinh 4 dai luong sau:
Chon IC 6n dp

Vi ngd ra yéu cau +5V/1A nén chon IC 7805
Dién tré tdi toi thiéu

Rimin = Vout/Imax = 5V/1A=5Q

Cong suat dién tro: PR = Ul = PR=5W

Vay Rimin = 5Q/5W

Tdi gid t6i da dé duy tri dong ngé ra toi thiéu (khi khong tdi)
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Khi khong tai thi R 1a tai gia dé duy tri dong ngd ra t6i thiéu cho mach 6n ap,
dong tai t6t thiéu 13 SmA.

O day R két hop voi LED véi muc dich 1am dén bao ngudn. Vi vay, dong tdi da
qua LED (cling 1a dong qua R) 1a 20mA.

Tur 2 diéu kién nay ta tinh duoc gi tri cia R
SmA <Ir <20mA
Khi Ir = 5mA: R = Vr/Ir = (Vout - VLep)/Ir = (5-2)V/5mA = 6002
Khi Ir =20mA: R = Vr/Ir = (Vout - VLED)/Ir = (5-2)V/20mA = 150Q
Vay: 150Q <R < 600Q, ta c6 thé chon R = 180Q; 220Q; 330Q; 390Q; 470Q2; 560<2.
Tinh va chon ngé ra mdy bién dp
Piéu kién 6n ap:
XX+ AUnin < Vin< XX + 15
(AUmin theo nha san XUt tir 2- 3V, trong tai liéu nay chon AUnin = 3V)
8V < Vin< 20V
Gia st ty loc du dé Vin phang, mach chinh luu ciu nén dau ra MBA dinh la:
8V + 1,4V <Vac< 20V + 14V
Pau ra MBA gia tri hi€u dung la:
9,4VAV2 < Vac < 21,4VA2
6,7V < Vac < 15,28V
Chon ngd ra dau phan ap MBA (9V, 12V, 15V) = 9V
7.5.2. MACH ON AP (-) DUNG IC HOQ 79XX

Gidng nhu IC 6n 4p ho 78 XX, IC 6n ap (-) ho 79XX ciing do nhiéu hing san xuét
cung cap va co cach ding twong tu nhu IC 6n ap (+). Tuy nhién cin luu ¥ mot vai
diém khac vé so d6 chan va cach méc mach.

Pho bién trén thi trudng hién nay ta c6 cac IC 6n 4p 4m mang chi so:

7905; 7906; 7908; 7909; 7910; 7912; 7915; 7918; 7924.
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Dong dién ngd ra cuc dai cua cac IC nay thuong co cac c?ip: 0,5A; 1A va 1,5A.

7.5.2.1. Su khac nhau vé thir tu cic ngd vao/ra giira ho 78XX va 79XX

(o3  [ot

KA7805C KA7905C

10 20 3

3
ouT 1y OUT
g YRRV
Hinh 7-18 Thu ty .cdc ngd vao/ra & hai ho IC én dp 78XX va 79XX.

7.5.2.2. Céc vén dé cin quan tim khi 1am viéc véi IC ho 79XX

g Y em——
Fane &——
AN — |

Pién 4p ngd ra cia IC 6n ap (-) ho 79XX c6 gia tri Am va bang (-XX) v6i XX 14 hai s6
sau s6 79. Pién ap dwa dén ngd vao cua IC phai 4m hon dién ap ra tdi thiéu 1a 2,5V dbi
v6i cac IC ho 79XX néi chung. Dong dién ngd ra cho phép tdi da 13 bao nhiéu phu thudc
vao chit cai cudi cung trong ky hiéu cua IC giéng nhu IC ho 78XX.

IC 6n 4p (-) it khi duoc dung riéng 1¢ ma duoc dung két hop véi IC on ap (+) dé tao
thanh b ngudn 6n ap kép (ngudn +/-), dung dé 1am ngudn cip dién cho cac vi mach
OPAMP (ta s& khao sat trong chuong 5). Pé tao ra ngudn dién DC +/- cap cho ngd vao
ctia IC 6n 4p, c6 thé dung mach chinh luu cau véi bién ap thir cap c6 diém giita va diém
gitta ndy dugc nbi dén dudng mass chung cia mach. Mot cach khac 1a dung hai mach
chinh Iuu riéng biét, sau d6 két hop véi nhau dé tao thanh ngudn kép. So 6 mach 6n ap

kép dung hai phuong phéap nay trén hinh 7-19 va 7-20.
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DS

N
“

Dm | | Ka7805C 5 +5V

IN ouT >~
JS le GND
D1 D2 s 2 R1

— 0,33uF == 0,1uF 1k

\
/1
0
|1

n -

]
uz2

uz2

\|
/1
Q
|1

= 2,2uF

ZApa ZSD3 !
GND

IN OUT |

T KA7905C

1
N

D6

Hinh 7-19 Diing két hop IC ho 78XX véi IC ho 79XX tao nguon on dp +/-

D5
N
BRIDGE1 i
T1
L || Ka7sosc 3 +5V
I\j IN ouT <
GND
1+ 2 R1
——~Cl  —=0,33uF —0,1uF 1k
BRIDGE2 s+ -0
12 —~ C2 = 122uF — 1uF R2
1 1k
GND
— 21N ourp34— L
0 -5V
o KA7905C
Vgl
N
D6

Hinh 7-20 Diing két hop IC ho 78XX véi IC ho 79XX tao nguon on ap +/-
Trén Hinh 7-19 va 7-20 13 so d6 nguyén Iy mach ngudn 6n ap kép +/- 5V vai

mach chinh luu theo hai phwong phép: chinh luu cau véi bién ap thu cap c6 diém
gitta (Hinh 7-19) va két hop hai mach chinh lwu (Hinh 7-20). Khi tinh todn ngudn kép
nay ta chi tinh toan cho phan on ap (+), phan 6n ap (-) dugc suy ra tir phan on ap (+)
da tinh.
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7.5.3. MACH ON AP (+) PIEU CHINH PUQC DUNG IC HQ LM317
7.5.3.1. Khéi niém

Khi thiét k& mach véi IC 6n ap (+) ho 78XX, dién ap ngd ra ciia mach ludn 6n dinh
& mot gia tri ndo do. Trong thuc té nhidu truong hop ta cAn mot mach 6n ap véi dién
ap ra c6 thé diéu chinh duoc theo ¥ mudn chii quan ciia ngudi sir dung vao moi thoi
diém. Pé thiét ké duoc mach o6n ap nhu vy, tién dung nhét 14 dunh IC 6n 4p ho
LM317. Series LM317 ¢ nhiéu kiéu dong vo khac nhau theo d6 dong dién ti da cho
phép & ngo ra cling khac nhau (xem Hinh 7-21).

(TO-220)
Plastic Package
(TO-3)
Metal Can Package (TO-39) ‘
Metal Can Package O — Vgt
ADJUSTMENT VIN 0 iNPUT
Or=— ADJUSTMENT
O OUTPUT
M3 hiéu Kiéu Dong
VO Iout(max)
LM317T TO- 1,5A ADJ —=— -y
220
LM317K TO-3 1,5A - Ve
LM317H  TO-39 0,5A o

Hinh 7-21 Mot s6 dang vo cua Series LM317

Gidng nhu cac IC 6n ap khac, khi thiét ké mach on ap voi IC Series LM317, ta ciing
can qua tAm tdi cac thong sb can thiét gibng nhu da trinh bay trong phan IC 6n ap (+)
ho 78XX. Ngoai ra can chu y 14 trong cac kiéu vo & Hinh 7-21, kiéu vo TO-220 cta hiéu
LM317T la dé str dung nhat (dé dang lap 1én mach in ciing nhu gin tdm nhom giai nhiét
cho IC). Do d6 trong gido trinh nay ta trinh bay cac thong s6 k¥ thuat co ban cua IC 6n
ap LM317T va phuong phap thiét ké mach 6n ap dung IC nay. Néu ching ta muén sir
dung IC khéc, can tham khao thém céc thong sd k¥ thuat can thiét trong tai liéu cua nha

san xuat.
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7.5.3.2. Cac thong s6 k¥ thuat co ban ciia LM317T:
@ Khoang chénh Iéch dién ap cho phép gitra Input va Output: 3V < AU <40V.
(AU = Uin - Uowr)
Dién ap ngd vao phai 16n hon dién dp ngd ra tdi thicu 1a 3V va tbi da 1a 40V.
@ Dong dién ngd ra t6i da cho phép: Toumax = 1,5A.
® Dong dién ngd ra tbi thiéu yéu cau: loumin) = 10mA.
@ Dong dién chay ra khoi IC & chan ADJ (Adjust — diéu chinh): Iapy = 50pA.
® Dién ap tinh tir ngd ra (OUT) dén chan diéu chinh (ADJ): Urer= 1,25V.
® Thoi gian toi da cho phép khi han ndi: 10 gidy v6i loai vo kim loai va 4 gidy
vo1i loai vo Plastic.
7.5.3.3. Thiét ké mach 6n ap dung IC LM317T:
Khi dién ap ngd vao (Ui) di 16n thi dién ap tir ngd ra (OUT) dén chan (ADJ)
co gia tri 6n dinh khoang 1,25V. Véi mach ¢ Hinh 7-22 ta c6:

DongdiénquaRila: I, = ]’Rﬁ , dong nay phu thudc vao R,
1

Dong dién qua Rz 1a : Ir2 = Iaps + Ir1 = S0pA + Ir1 =0,00005 + Ir1 = Iri
Dién ap ngd ra la: Uy = Uri + Urz = 1,25 + [r2.R2 = 1,25 + [r1.R2

o Uy, = ]’25+LR£'R2 = 1,25(1+%J

Vay : Uy = 1,25(1 +%J
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AU = Uin - Uout
+ -
3 LM317T , lout
'?'r—, IN ouT " ﬁ
in ADJ -
» R1 IL
1 LIADJ < T14i
Uin — Uout RL
IRy
R2 Ir2
5 o/
_\I_;
-0

Hinh 7-22 Nguyén Iy thiét ké mach on dp ding LM317T
Nhu vay khi dién 4p vao du 16n (cu thé 14 16n hon dién ap ra it nhat 3V dé IC 6n
ap lam viéc dung) ta c6 dién ap ngd ra cuia mach chi phu thudc vao ti s Ro/R;. Bing
cach thay doi ti s6 nay ta s& thay ddi duoc dién ap ra. Khi ti sé Ro/R; duge giit ¢b

dinh khong thay doi thi dién ap ra 6n dinh.

Dongdiénngdra: I, =y +1, =——+-2%

Dong dién ngd ra gdm hai thanh phan:
Thanh phan chay qua R ¢6 nhiém vu duy tri dién 4p ra on dinh.
Thanh phan I cung cép cho tai.

Khi khong dung tai thi thanh phan I = 0, khi d6 ta c6 Low = Ir1. Liic nay dong Iou phéi
dam bao 16n hon 10mA thi dién ap ngd ra méi 6n dinh. Nhu vay ta chon Ry sao cho

thanh phan Iz > 10mA tuc la: ]’Rﬁ >10mA =10%A = Ri< 125Q

1
Néu chon Ry nh¢ thi thanh phan Ir; 16n, tirc 14 IC 6n ap phai cung cdp mot dong dién
Tout 16n hon. Vi vay thong thuong ta chon R; theo tiéu chuan : 100 hoic 120Q.

Vay dé thay doi dién ap Uow, ta c6 dinh R; va thay doi R». Co nhiéu cach thay
d6i Rz nhu trinh bay ¢ mach tng dung Hinh 7-23va 7-24. Trén mach tng dung

& Hinh 7-23 va 7-24 ta str dung mach chinh luu dé tao ra dién 4p DC cung cap

cho ngd vao ctia IC 6n ap. Nhu vay dé tinh duoc tu loc C va dién 4p hiéu dung
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& thtr cAp cua bién ap, ta phai xac dinh duoc dién trd twong duong nho nhét cua
mach 6n ap va sau do tinh theo trinh ty nhu trong vi du & phﬁn thiét ké mach 6n
ap (+) dung IC ho 78XX.

7.5.3.4. Vi duy vé thiét ké mach 6n ap dung IC LM317T:

Vi du 1: Thiét ké mach 6n ap ding IC LM317T sao cho c6 thé diéu chinh dugc dién ap

ngd ra trong pham vi tir 5 &én 15V, dung mach chinh luu cau c6 loc dé cung cip dién

DC cho ngd vao ctia mach 6n ép.

D1
gl
BRIDGE N

T
+ Uin 3 LM317T 2 Uout
ey IN ouT
D ADJ RI D2 t
i 1 100% $ +
cC = — O.1uF T 1uF RL
Ra T 0.1uF

?0

Hinh 7-23 Mach 6n ép diéu chinh dién dp ra bang bién tré.
Cdc tu dién khong ghi tén va hai Diode D,, D> co nhiém vu chéng nhiéu, cdi thién

dap ung qua do va bao vé IC.

Cac tinh toan co ban :

® Xac dinh pham vi diéu chinh cua bién tré Ry:

Taco: Uy, = l,25(l+%)

Pham vi diéu chinh dién 4p ngd ra theo yéu cau 13: Uow =5 — 15V
= Pham vi diéu chinh R; tinh dugc 1a: R, = 300 — 1100Q.
@ Xac dinh khoang cho phép ctia dién ap & ngd vao mach 6n ap:
Pé dam bao IC 6n ap 1am viéc dugce thi dién ap vao (Ui phai thoa man:

AUnmin = 3V v AUmax = 40V tirc 1: 3 < Uin — Uou < 40V (didu kién 4p).
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Pé thoa man diéu kién nay ta tinh nhu sau:
V6i Uow = 5V ta can ¢6: 3 < Upp — 5 <40V = 8 < Ui, <45V
V6i Uow = 15V ta can c6: 3 < Ui — 15 <40V = 18 < Ui <55V
Lay phan chung ctia hai khoang trén ta duoc: 18 < Ui, <45

Khoang gidi han cua Ui, trén s€ thoa man dicu kién ap trong toan dai dieu chinh Uy

tir 5 dén 15V.
® Tinh dién tro tuong dwong nhé nhét ctia mach 6n ap:
Ta ¢6: Uinmin) = 18V
Lin(max) = Tout(max) T IaDs = loutmax) = 1,5A

Uin(min) — E
|

R, = =120

in(max) ’
@ Tinh toan va chon tu loc theo d6 gon song yéu cau:
Gia str d6 gon song yéu ciu phai < 6%. Vi mach chinh luu cau ta ¢o tu loc C tinh

theo cong thuec:

1
K,=————— < 6%=0,06
4\/3.R,.C

1 1

c> _ _ 4009,4.10°F = 4009,4.F
0,06.4/3fR, 0,06.41/3.50.12 "

Chon C theo tiéu chuin: C = 4700uF.

1 1

Khi do: k, = =
' 4J3.fR,C 4/3.50.12.4700.10°*

=5,12%

® Tinh dién ap hiéu dung ¢ thit cAp may bién ap:
Ta c6 dién ap cuc tiéu sau tu loc 1a:
Utmin = Uin(min) =18V

Mac khac voi chinh luu cau ta co:
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U - 4fR,.C-1
™ T 48R, CH+1
-6
U, = 4fR,.C+]1 _4.50.12.4700.10° +1 . . _ 215V

4fR,.C-1""™"" 4.50.12.4700.10~¢ —1

Do dung chinh luu cau nén:

Un=Um+2V=21,5+2=23,5V

Uy 235
S U, =2 =222 66V
V2 V2
U>= 16,6V

Vi du 2: Thiét ké mach 6n 4p ding LM317T diéu chinh dién ap ra theo tirng nac
5V; 9V; 15V. Dung mach chinh luu cau dé cung cap dién 4p DC cho ngd vao cia

mach 6n ap.
D1
gl
BRIDGE N
T
+ Uin 3 LM317T 2 Uout
IN ourt

1 100

Cﬁf o.luF1 5 % QLNF §RL

o~ J ADJ R

0.1uF

R21 > R227 R23

-0
Hinh 7-24 Mach 6n ép chinh dién dp ra theo ndc ding céng tic chuyén mach.

Cac tinh toan co ban:

@ Xac dinh cac tro: Ra1, R22, R23 cho cac nac di€u chinh:

Gia sir khi chuyén mach & vi tri 1 thi dién ap Uow = 5V, twong mg tinh duoc: Ry =

300Q.
Khi chuyén mach & vi tri 2: Ugw = 9V, tuong tng tinh duogce: Ry = 620Q.
Khi chuyén mach & vi tri 3: Uow = 15V, tuong mg tinh duge: Ros = 1100QQ.

Céc tinh toan con lai giéng nhu vi du 1. O day khoang diéu chinh dién 4p ra ciing

duoc xéac dinh 1a tir 5 dén 15V.
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Mach 6n 4p nhu Hinh 7-24 rt tién dung, v&i cac gia tri R, tinh trudc cho mbi
vi tri, ta chi cAn chuyén cong tic dén vi tri pht hop dé c6 dién ap ra mong mudn ma
khong can phai do khi chinh nhu vi du 1.
7.6. BAI TAP

7.6.1. Baitap 1
Tir ngudn 220V/50Hz, thiét ké mach 6n ap co dién ap ngd ra la +12V dung:
b) Zener
c) 6n &p ndi tiép
d) 6n ap song song
e) IC 6n ap
7.6.2. Bai tap 2
Tir ngudn 220V/50Hz, thiét ké mach 6n ap c6 dién ap ngd ra la -9V
7.6.3. Baitap 3
Thiét ké mach 6n ap thay d6i duge tir -2V dén -15V dung IC 6n ap.
7.6.4. Bai tap 4
Thiét ké mach 6n ap dbi ximg +/- 12V dung IC 6n 4p.
7.6.5. Bai tap 5
Thiét ké mach 6n 4p ddi xtng thay doi dugc tir +/- 2V dén +/- 15V dung IC 6n ap.
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