Bai 10: KHUECH PAI THUAT TOAN

Mach khuéch dai thuit toan (operational amplifier), thudng duoc goi tit 13 op-amp
12 mot mach khuéch dai "DC-coupled" (tin hiéu déu vao bao gdm ca tin hiéu BIAS) véi
hé s6 khuéch dai rat cao, c6 dau vao vi sai, va thong thuong c6 dau ra don. Trong nhiing
mg dung thong thudng, dau ra duogc dicu khién bang mot mach hoi tiép 4m sao cho c6
thé x4c dinh d6 1¢i dau ra, téng tré dau vao va téng trér dau ra.

Cac mach khuéch dai thuat toan (KDTT) c6 nhitng Gmg dung trai rong trong rat
nhiéu cac thiét bi dién tir thoi nay tu cac thiét bi dién ttr dan dung, cong nghiép va khoa
hoc. Cac mach khuéch dai thuét toan thong dung hién nay cé gia ban rat ré. Céc thiét ké
hién dai d3 duoc dién tir hoa chit ché hon trude diy, va mot sé thiét ké cho phép mach
dién chiu dung dugc tinh trang ngén mach dau ra ma khong lam hu hong.

Mot bo KDTT c6 hai dau vao ma thuc chét chinh 1a 2 dau vao caa mot bo khuéch

dai vi sai, tang dau cua bo KDTT.

10.1 Mach khuéch dai vi sai
Dang cin ban cua mach khuéch dai vi sai dugc trinh bay nhu hinh sau:

. - Mach @61 xing theo duo'ng théng du-ng

| c° Céc phan tir trong img gidng nhau vé moi
R ddc tinh.
¢l © Ry = Ry,
v \ —
a Rey =R,
v \ =
, Q2 2 V V
Ry Ql gibng het L Q2, thucmg duoc ché
B2 taotrén cling mot mau tinh thé.
Re - Mach ¢6 2 ngd vao v1, v2 va 2 ngd ra la
-VEE Va, Vb

Hinh 10.1: Mach khuéch dai vi sai



- C6 2 phuong phap lay tin hiéu ra: Lay ra ¢ ca 2 cyc C cua 2 T hoac lay ra
tir mot cuc va diem GND
- Phan biét 3 trirong hop:
+ Khi hai tin hiéu vao cung bién doé va cung pha vl=v2, do mach
Va=K.vl
Vb=K.v2
la doi ximg nén c6 Va=Vb=> ngo ra vi sai=0
+ Khi tin hiéu vao c6 dang vi sai vl=-v2(cung bién do nhung nguoc pha):
Khi dé Va-Vb=K(v1-v2) # 0, trong d6 Ky la hé so6 khuéch dai vi
sai, gid tri nay thuong rat 16n
Nhu vay, mach khuéch dai vi sai chi khuéch dai dai lwong la sai so6
cua 2 tin hiéu vao ma khong khuéch dai tirng tin hiéu thanh phan
+ Khi 2 tin hiéu vao la bat kv, thi mach khuéch dai sé khuéch dai ca
thanh phan vi sai va khéng vi sai cua 2 tin hi¢u dé.
*Mach phan cyc:
Khi mach hoan toan déi xtng, ta co:
Vee + Vee — Rele— Vee — 2Relg=0
Xem e =g
Suy ra: Vee=(Vce + Vee) — (Ret2Re)lc
Phuong trinh nay xac dinh duong thang ldy dién tinh, d thi 1c=f(Vc).

Rc Re
sz {IE
Re

= Veg

Hinh 10.2: Mach phan cuc



Ngoai ra ta co:

Relg + Vee + 2Rele — Ve = 0
Ma ta co:

le ~1c=Plg hay lg = I¢/B
Suy ra: Rglg/B + Ve + 2Relg — Vge =0

| = Vee = Vee ~ |
E R c
2R, +—&
p

* Mach tuong duong xoay chiéu

Ta c6 mach twong dwong xoay chiéu cua mach khuéch dai vi sai duoc trinh bay

trong hinh sau:

/77

T

'

-
A
—a—=\\

‘&.
Pib1

Hinh 10.3: Mach twong dwong xoay chiéu

Vi =-V,

Va = _Vb

Nhu vay dong dién luén nguoc chiéu trong 2 transistor, khéng qua Rg nén ¢ thé

bo qua R trong khi tinh toan:

Ta co:

v ) .. v
= +Bi, =0 va Ibl:B_rl

C e
Suy ra:
Va o Vi Va_ Re
RC re Vl re
Ngoai ra:
A Ve Vo 2V _Va_ Re
\%
vV,—V, 2V, Vv, r,



Mach KDTT st dung mach vi sai tong hop, gom 3 tang: ting dau, cac ting gitra va
tang cubi.

a) Téng dau: 1a mach vi sai cin ban ma ta da khao séat bén trén.

b) Ca&c tang giira: c4c tang gitta cd thé 1a vi sai hay don cuc.

* Mdc noi tiép vi sai vdi vi sai: so dd mach mac ndi tiép vi sai véi vi sai duoc trinh

bay trong hinh sau:

1"'rIZC
Hgbra
Re
Rz
Tang 1 Tang 2

Hinh 10.4: Mac néi tiép vi sai véi vi sai

Tuy nhién ddi véi mach nay thi tong tré vao cia tang vi sai thir 2 ¢6 the 1am méat

can bang tong tro ra cua tang vi sai trudc. Tang sau khéng can dung ngudn dong dién.

* Mdc Vi sai nai tiép véi don cuc:
Nguoi ta thuong dung ting don cuc dé:
- Dé sir dung.
- D& tao mach cong suat.
Nhung mach don cuc s& 1am phét sinh mot s6 vin dé méi:
- Lam mat can bang tang vi sai, nén hai dién tr& Re cua tang vi sai d6i khi phai c6
tri s6 khac nhau dé bu trir cho sy mét can bang.
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VEE

Trong dé:
BE-=F'c /75 i
E¢ fe Vi Zv la t&ng tréd vao cha thng
dom cure.
o
Tang don cuc
Hinh 10.5

¢) Tang cudi:

Phai thoa man céc diéu kién:

- Cho mot tong tré ra that nho.

- Dién thé phan cuc tai ngd ra bang 0 volt khi hai ngd vao & 0 volt.
* Piéu kién vé tong tré ra:

Dé dugc tong tro ra nho, ngudi ta thudng ding mach cuc thu chung.

W
[
BI":W ‘—iu Wi
— Es Eg
= = ®..
Biy,
W
Re '
_VEE
(a) (b} 2o

Hinh 10.6
Dé tinh téng tro ra ta dung mach twong dwong hinh 10.6(b), trong d6 Rg 1a tong tré
ra cua tang (don cyuc) ding trudc.

Ta co:

Phan giai mach ta tim duoc:
& — RE(RS +Bre)

g R.(@+B)+Pr, + Ry

(o]




Thong thuong BRe rat 16n nén:
Z, = \\//—‘I’ I+ %
* Diou kién vé dién ap phan cuc:

Vi cac tang dugc méc tryc tiép voi nhau nén dién ap phan cuc ngd ra cua tang cudi
c6 thé khong & 0 volt khi ngd vao & 0 volt. Bé giai quyét nguoi ta ding mach di chuyén
dién &p (Level shifting network) gém c6: mot ngudn dong dién | va mot dién tré R sao
cho: E = R.I, trong d6 E 1a dién ap phan cuc ngd ra (khac 0 volt) cua tang cudi. Tuy
nhién, nhu vy tong tré ra sé ting thém mét tri s6 12 R. Vi Vay dé thoa man ca hai diéu
kién, ngudi ta ding mach di chuyén dién 4p trudc mot tang cuc thu chung.

Ta c6 so d6 mach cua tang cudi nhu sau:

+&v

)Tl

R
=
0.7V Te
&) Fn
. MNgdra
=
=
Ny

Mach di chuy2n dién ap
Hinh 10.7

Trong d6 R va T, 1a mach di chuyén dién &p, T la ting cuc thu chung dé cho tong
tré ra nho.



Vi du mot op-amp upc 709 cua hang Fairchild:

INPUT

FREQUENCY

COMPENSATION
INFUT
FREQUENCY

TL709M) (-) INPUT
R8824 A

~— (+) INPUT ouTPUT
—
‘\

QUTPUT

FREQUENCY
COMPENSATION

t+ov
8k 8k
@ = = T
k k K)
T, Ts
3.4k
=
_ To Te L/
—  Om
Vao - Ngbra
24k
¥ = <26k
, &
g
CETM 2400
2.4k
48002
% 24002 -6v

Hinh 10.9: So ¢5 mach ctia op-amp ppc 709

T1, T,: Mach vi sai can ban ngd vao.

Tj: Nguon dong dlen cho Ty va T,. Dién &p phan cuc tai cuc nén cua T, duge xac dinh
boi cau phan ap gom Te (Méc thanh diode), dién tro 4802 va 2.4kQ.

T, Ts: khdng phai 12 vi sai vi 2 chan E ndi mass. T, c6 nhiém vu 6n dinh dién &p tai diém
A cho T, va T,.

Ts: La ting don cuc chuyén tiép giira vi sai va tang cudi.

T,: La mach cuc thu chung dau tién va Tg 12 mach di chuyén dién &p voéi dién tré 3.4k,

T La mach cyc thu chung ciing 1a tang cudi dé dat duoc téng tré ra nho.
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10.2 Mach khuéch dai thuat toan cin ban
Ta khao sat khuéch dai thuat toan (operational amplifier hay op-amp) & trang thai

1y tuong. Sau day la cac dac tinh cia mot op-amp 1y tudng:

- D6 loi vong hd A (open loop gain) bing v cuc.

- Bang tan rong tir 0Hz dén vo cuc.

- Tong trd vao bang vo cuc.

- Tong tré ra bang 0.

- Céc hé sd A bang vé cuc.

- Khi ng6 vao ¢ 0 volt, ngd ra ludn ¢ 0 volt.

Pé don gian trong viéc tinh toan trén op-amp, co thé tinh toan trén op-amp 1y tuong
sau d6 thuc hién bd chinh cac théng sb trong mach. Pé c6 dugc mét cai nhin tong quan
giita op-amp thyc té va op-amps 1y tuang, c6 thé so sanh mot vai théng sé giita op-amp Iy

tuong va op-amp théng dung (general purpose) nhu bang sau:

Op-amps ly tuédng

Op-amps thuc té (%)

B4 101 va cung 1gn
Tong trer ngd vao = ¢
Tong trd ngéira =0
Bang thing = co
Dongwao tinh =10
Dang vao lgéch =0

Bign ap l1ech: ¥ 4. = 0
olew Rate: SR — @

B4 Ioi 100.000 - 200.000
Tang tré vao 108+ 1019 0
Tong tré ngd ra nha

Bang thang hiku han
Dong vao tinh nhd

Dong van léch: 20 =30nA
Bign ap 1Bch: 2 = 10my
alew Rate: 0.7 —1004ms

(*) Trén thyec té ¢6 nhitng op-amps diroc ché tao véi muc dich chuyén dung (trong ky thudt
hang khéng vii tru, qUAN si, y té, cdng nghiép ...), cdc dac tinh cia no rdt gan véi dac tinh cua
op-amps ly twong.

Bo op-amp chi c6 mot dau ra duy nhat, hai dau vao cdp nguon va cac chan bu dién
&p, bu tan s, ... thong thuong bd op-amp 1a IC ¢6 8 chan. Hinh bén dudi 1a ky hiéu va

mach tuong duong ctua op-amp.



+Vc|: W

Ve . -
WNgd vao A (vimws)
+
v ~Vee v?
a) Ky hidu b) Mach trong duong

Hinh 10.10: Ky hiéu va mach tuong duong ctia op-amp

Tir cac dic tinh trén ta thay:

\Y; . . .. . \ s
A =—2— o nén khi v, xac dinh va chua bao hoa thi v;=v,
Vi —V,

Zi — o nén khong c6 dong dién chay vao op-amp tur cac ngd vao.
Z, — 0Q nén ngd ra v, khdng bi anh huong khi méc tai.
Vi A rat 16n nén phai ding op-amp véi hoi tiép am. Vai hoi tiép am, ta ¢d hai dang mach

khuéch dai can ban sau:

10.2.1 Mach khuéch dai dao (Inverting Amplifier):

Dang mach can ban nhu sau:

1
1s

i; Z

— £

~
Sy B vy
2
v v
1 + a

Hinh 10.11: Mach khuéch dai dao

Zi, Z; ¢6 thé c6 bat ky dang nao.

Tin hiéu dua vao ngd vao (-)

V; 6 thé xoay chiéu hoic mot chiéu
Do op-amp ly tuong nén: v;=v,=0

" A
b=—i =>1=--
zZ  Z

Suy ra d6 loi dién ap cua mach:



Nhdn xét:

. 0 . .
- Khi Zsva Z;la dién tré thuan thi v, va v; sé Iéch pha 180 (nén duoc goi la mach khuéch
dai dao va ngd vao ( - ) duoc goi la ngd vao dao).
- Z;dong vai trd mach hdi tiép am. Z; cang 16n (hoi tiép am cang nho) d6 khuéch dai cua
mach cang lon.

- Khi Z;va Z;1a dién tro thuan thi op-amp ¢d tinh khuéch dai ca dién thé mot chiéu.

10.2.2 Mach khuéch dai khéng dao (Non inverting Amplifier)
Dang mach can ban nhu sau.

Hinh 10.12: Mach khuéch dai khéng dao

Ta co: Vi=Vy=V; va is = ij

.V, -V,
I =
Zf
I Yo Yoo Vo Y,
Z Z, ya
Suy ra:
A =Yo_1. %
VI Zi
Nhgn xet:

- Zs, Zi ¢ thé cd bat ky dang nao.

- Vo VA V; ciing c6 thé ¢6 bat ky dang nao.
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- Khi Z, Z;1a dién tro thuan thi ngd ra v, s& c6 cung pha vai ngd vao v; (nén mach dugc
goi 1a mach khuéch dai khong dao va ngd vao ( +) duoc goi 1a ngd vao khong dao).

- Zs ciing dong vai tro hdi tiép am. Pé ting d6 khuéch dai A,, ta co thé ting Z¢ hodc giam
Z..

- Mach khuéch dai ca tin hiéu mét chiéu khi Z¢ va Z; 1a dién tré thuan. Mach ciing gitt
nguyén tinh chat khong dao va cé cing cdng thirc véi truong hop caa tin hiéu xoay chiéu.
- Khi Z=0, ta c0: A,=1 = V,=V; hodc Zi=x ta cling c6 A,=1 va v,=v; (hinh 10.13). Luc
nay mach dugc goi la mach theo dién ap (voltage follower) thuong duoc dung lam mach

dém (buffer) vi c6 tong tré vao 16n va tong tré ra nho nhu mach cuc thu chung ¢ BJT.

s

Zf=D l:l

Z Vo=V Vo=V Vo=V

77 Vi
S ) .
Vi Vi

Hinh 10.13: Mach theo dién ap (voltage follower)

10.2.3 Op-amp phan cuc bang ngudn don

Phan trén 1a cac dac tinh va hai mach khuéch dai can ban duoc khao séat khi op-
amp dugc phan cuc bang ngudn dbi xung. Thuc té, dé tién trong thiét ké mach va st
dung, khi khéng can thiét thi op-amp duoc phan cuc bang nguén don. Lic by gio chan
néi voi nguon am —Vec dugc ndi mass. Hai dang mach khuéch dai can ban nhu sau:

R +i e

E +57
[ Cz
—\W— Vi
| |
- + |
1
;|; E -— E i W
_ vl:l 0
/i /77 Z
Vi E Rg
|
| A .

ce (a) T (b)

Hinh 10.14: Mach op-amp phan cuc bang nguén don
11



Nguoi ta phai phan cuc mot ngd vao (thuong 1a ngd vao +) dé dién ap phan cuc ¢
hai ngd vao luc nay la V¢ /2 va dién ap phéan cuc ¢ ngo ra ciing la Ve /2. Hai dién tro R
phai dugc chon kha 16n dé tranh 1am giam tong tré vao cua op-amp. Khi dua tin hiéu vao
phai qua tu lién lac (C, trong mach) dé khong 1am Iéch dién &p phan cuc. Nhu vay, khi
phan cuc bang ngudn don, op-amp mat tinh chat khuéch dai tin hiéu mot chiéu. Trong
hinh 10.14(a), mach khuéch dai dao, C; 14 tu loc dién ap phan cuc ¢ ngd vao (+). Trong
hinh 10.14(b), mach khuéch dai khong dao, C, dung dé tao héi tiép xoay chiéu cho mach

va giit dién 4p phan cuc ¢ ngd vao (-) 1a Ve /2. Do khuéch dai cia mach van khéng doi.

10.3 Mét sb tng dung ciaa op-amp
10.3.1 Mach lam toan

DPay la cac mach dién tir dac biét trong d6 su lién hé gitra dién ap ngd vao va ngo ra
1a cac phuong trinh todn hoc don gian.

a/ Mach cong:

So dd mach cong nhu sau:

i, Ry %

Hinh 10.15: So d6 mach cong

Tur mach trén ta ¢6 cac dong dién chay qua céac dién tro la:

Tong cac dong dién nay chay qua R¢ va tao thanh v, nén ta co:

v, V v
Vv, =—Rf(—1+—2+...+—“J

1 2 n



Suyra:

Vo=D, Y
Trong do:

R R R
k, =—R—f;k2 =—R—f;...;kn =—R—f
1 2 n

Néu: R=R;= R,=...=R, thi ta c6:

Vo = _Z ?=1VJ'

Tin hiéu ngd ra bang tong cac tin hiéu ngd vao nhung nguoc pha. Ta chi y v; 1a
mat dién ap bat ky co6 thé 1a mot chiéu hoac xoay chiéu.
b/ Mach trir:
Ta co 2 cach tao mach tru.

*Trir bang phwong phap doi dau: Dé trir mot s, ta cong véi sé dbi cua sé do.

e %Rl F:

Ly, "

+
- i /;

W

Hinh 10.16: Mach trir bang phwong phap d6i dau

Tir mach trén ta thay rang: dau tién v, dugc 1am dao réi cong véi vi. Do d6 theo

{Rf ( Rfj }
v,=—| =Lv, +|—=L|v,
Rl R2

Néu ta chon R=R;=R,, ta dugc:

mach ta co:

Vo= -(V1-Vy)

Nhu vay ta thy tin hiéu & ngd ra 1a hiéu cua hai tin hiéu ngd vao nhung di dau.

13



* Trir biang mach vi sai: Dang mach co ban nhu sau

vy R; Ry

MN~>
ﬂlﬁj i TJn}_vn
b

Hinh 10.17: Mach trir bang mach vi sai

vy

Ta co:

V.=V =V R;
" " YR, +R,

Dong dién vao tir v, qua R; s€ qua R¢ nén:

V,—V,, V.-V

m 0]

R, R,

Thay tri s6 cua vy, vao biéu thuc trén ta tim duoc:
Rf
V. =—L(v, -V
TR (Vi—V,)
Néu R=R; , ta c0: Vo=(V1-V>)
Nhu vay ta thdy rang tin hiéu & ngd ra la hiéu cua hai tin hiéu ngd vao.

¢/ Mach tich phan:
Dang mach tich phan nhu sau:

Hinh 10.18: Mach tich phan
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Ta c6 dong dién ngb vao:
vV, V Y

=2 +—2+4+...+-—0
R, R R

2 n

Dong dién nay nap vao tu C va tao ra v,

Hay

Suyra

t n

v, :—Iij.vj.dt

0 i=l
Vi k; 1a d9 loi cua cac ngd vao:
1
Kj=——
CR,
bac biét khi R1=R,=...=R,=R thi ta duoc:

t n

1
v, _—%!;vj.dt

* Hai van dé thuc té:

- Diéu kién ban dau hay hing sé tich phan: ta c6 dang mach cin ban nhu sau

—VD Rn RIZI
W W
C
| |
v R = [
_%_/ _ o

Hinh 10.19: Mach tich phan véi hang s6 tich phan
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Truéc hét khoa S; ho, khoa S, dong, tu C s& nap dién. Ngd ra sé ting tir 0 1én dén
tro s6 Vo (Ivu v su d6i ddu). Sau d6 S, dugc mo rava S; déng kinlm tu C van gitr tri sb
nay vi khdng c6 15i thoat. Mach nay thanh mach ly tich phan cua v;.

Do do:

% :—j.iv.dt+v
0 RC I (0]

Véi V, 1a diéu kién ban dau hay hang s Iy tich phan.

- Trir dién thé offset: ta c6 dang mach cin ban nhu sau
F:

||!W

Ty S o

+

Hinh 10.20: Mach tich phan véi trir dién thé offset

Véi cac op-amp c6 dién thé offset 16n & ngd ra (dién thé ngd ra khi ngd vao bang
0V), V, s& chiu mét sai sé dang ké. Dé khac phuc tinh trang ndy, mét dién tré Ry duoc

mAc song song Vvéi tu dién C dé tao hoi tiép &m cho tan s6 thap. Nhu vay khi cé Ry, mach
chi c6 tinh tich phan khi tan sé cua tin hiéu f thoa:

trong d6 Rs khong dugc qué 1on vi sy hoi tiép am sé yéu.

f>
2nR;.

d/ Mach vi phéan
Dang mach vi phan nhu sau:
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R

Hinh 10.21: Mach vi phan

Tin higu vi nap vao tu C b‘éing dong dién g
dh,

dt

By ciing chinh la dong dién chay qua
diéntr&d R, vay:

dv,

dt

cotrisd: 1, =C

v,=—ERiC

Van dé thuc té 12 giam tap &m. Mach don gian nhu trén it dugc ding trong thuc té

vi ¢6 dic tinh khuéch dai tap am & tan sé cao, day 1a do d6 loi cua toan mach ting theo

tan s6. Bé khic phuc mot phan nao, nguoi ta mac thém mot dién tro ndi tiép voi tu C &

ngo vao nhu hinh 10.22.

R

Hinh 10.22

Lac nay mach chi c6 dic tinh 1y vi phan tot khi tin s cua tin hiéu nho hon

1/27R;C. Phai lya chon R; sao cho dé mach giam thiéu téi da tap 4m ma diéu kién trén

van duoc thoa man.

10.3.2 Mach so sanh
a/ Pién thé ngd ra bao hoa

Ta xem mach nhu hinh sau:

17



Ta co: vg = Ay -v =2 Fy

+%7 -
v o Win Eﬂ=v1-vgf
— = E; 13 dién thé khic nhau gifta 2 ngd vao
Eg. 2 1 _ -
' >_’T va duee dinh nghia: ;
v,—Y ] e " Es=(dién thé ngd vao +)-(dién thé ngd
_1'.'?|:|: t TJ::?J.O —jj
e Do mach khéng ¢é héi tiép fm nén:
Hinh 10.23
o =AEy

Trong d6 A 1a d6 lgi vong hé caa op-amp. Vi A rat 16n nén theo cong thirc trén v, rat lon.
Khi Eq nho, v, dugce xac dinh. Khi Eq vuot qua mot tri s6 nao d6 thi v, dat dén tri s bao
hoa va duoc goi 12 V. Tri s6 cua Eg tly thudc vao mdi op-amp va c6 tri so vao khoang
vai chuc pV.

- Khi Eqam, mach dao pha nén vy,=-Vgg

- Khi Egduong, tuc vi>Vv, thi V0:+VSat

Dién ap ngd ra bao hoa thudng nho hon dién ap ngudn tir 1 volt dén 2 volt. Bé y la

[+V, | co thé khéc -V | Nhu vay ta thay dién &p E4tdi da la:

+ W,
+E- — ASM.

-V
-E — ASM.

b/ Mach so s&nh mirc 0 (tach miic zéro)
* S0 sanh muc zéro khong dao: ta c6 dang mach co ban nhu sau:

Dién thé & ned vao (-} duge dung lam

dién thé chudn va Ei 13 dién thé mudn

— = dem so sinh véi difn thé chuin duoc
/J;‘fmf_ﬂ N dira vio ngd vao ().

’— VO Khi By Vier =0v thi vg=+Vsy

Ri = Fhi By Vo =0v thi vg=-Veu,
E; A

Hinh 10.24
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Vi du khi E; c6 dang tam giéc thi dang séng ngb ra v, c6 dang nhu hinh sau:

Vo
& &
W
+WVsat ’ +Vsat —‘i/ —
_'_
0 " x >
INVEVAIE
—_— 'vSat .I;u;r
~ W Eat

Hinh 10.25
* Mach so sdnh mire zéro dao: ta c6 dang mach co ban nhu sau:

Dién thé chuﬁn Vier =0v dat & ngd vao
(+). B1én thé so sanh E; dua vao ngd

E; = vio ().
el T KB Var0u thl o,
/J7 RL? ref 0 Sat
Voza
Hinh 10.26
W Vi
L A
+T“T5at ‘/
— 1] +v5at
: /\ ‘ =
E; 1] \ . >
‘USat
'vSat
Hinh 10.27

c/Mach so sanh véi 2 ngd vao cé dién thé bat ky

* S0 sdnh mirc dwong khong dao:
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Dién thé chudn Ve =0v dit & ngd vao (-,
Dién thé so sanh E; dhra vao ngd vao (+).
Vier Ehi Ei»Vyer thi vo=+Vsa

—1 + Fhi Ei<WVerthi vp=-Veu

w
& Vo ¥4 A ’
+-U-Sa.t ) g +-U-Sa.t
vref' Viyer \ /_.
0 £ 0 %
I 1 E i
> ‘Vﬂat B
“Vaa| |
Hinh 10.28

Fién thé chufn Ver >0v dit & ngd vao (+).
Brién thé so sanh E; dua vao ngd vao (-).

E; - Kt Ei=Vier thi vo=-Vsa
+ ve  Ehi Ei<WVer thi vo=tVau
+ E
vt i
Hinh 10.29
Vi
4 Vo &
> +VSat +VSat_
‘/Vref' Vref
¥
0 o 0 =
Vea v B
“Waa
Hinh 10.30

* S0 sdnh mirc 4m khong dao:
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Bién thé chudn Ver <0v dit & ngd vao (-).
Biénthé so sanh E; dua vao ngd vao (+).

_ Vier Ehi E;» Ve thi vig=+Veu
. + vy  Fhi E<Ver thi vp=-Vou
' E; Ri=
Vo
A Vo A
> +vSat ‘//
Vs /\
- > >
0 Es 0 NV s N t
E;
Vi
Hinh 10.31
* So sanh mirec Am dao:
Dién thé chuﬁiq Vyer <0v dit & ngd vao
(+). B1én thé so sanh E; dua vao ngd
E; = Ao (-1
L - Ehi E=Voer thi vg=+ oy
Ehi Ej=WVyer thi vo=-Vsu
- R
1""Tref' Lg
Vo
A Vo A ‘//
—— MV +WVsat —
vr\ef /\
E g N N
E; ] t
Vref' E i
_Vs,n > \/ \/
Wi

d/ Mach so sanh véi hdi tiép dwong
* Mach dao:

Re RlI%
p2
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Tin hiéu so sanh E; dugc dua vao ngd vao (-). Dién &p chuan Vs duoc lay tir mot
phan cua dién ap ngd ra v, qua cau phan &p Ry, R,. Cac dién tro Ry, R, nhu vy con dong
vai trd mot hdi tiép dwong nén v, ludn ludn & trang thai bao hoa. Tly theo muc tin hiéu
Vao ma V, giao hoan & mot trong hai trang thai +Vs, va —Vsg.

Ta co:

R R
Ve =5 R TR 4R
1+ 2 1+ 2

‘VSM = E’-‘*‘rsa

Trong d6 B dugc goi 1a ti s6 hoi tiép duong:

_ Ri!
R, +R,

P

Néu ta ting E tir tir, ta nhan thay:
Khi E<V thiv =+V

i ref 0 Sat
Khi E>V thiv =-V

i ref 0 Sat
Tri s6 cua E=V_=B.(+V_) lam cho mach bat dau doi trang thai duoc goi 1a diém nay
trén (upper trigger point) hay diém thém trén (upper threshold point).

VUTP=B '(+V5at)

Bay gio néu ta giam Ei tu tu, chd y la lac nay VO:-VSat va Vref=B(-VSat), ta thay khi
Ei< B(—VSat) thi v, chuyén sang trang thai +V5at. Tri so cua Ei luc nay: Ei: Vref: B('Vsm)

duoc goi 1a diém nay dudi hay diém thém duéi (lower trigger point-lower threshold

point-VLTP). Nhu vay chu trinh trang thai cia mach nhu hinh bén dudi.

Nguoi ta dinh nghia:
VH:(HystereS|s):VUTP-V

VH:B {(+VSat)-(-VSat)]

Néu +VSat|=|-VSat|=V =[2B.V_|

LTP
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Vo 4 4 Vo 4 Vo
m Vurp i Wire
r d Ei
] E, 0 E; 0 ,
Vsa . b
(a) (b) D
* Mach khong dao: Dang mach nhu sau
R - W Rs Thay ddi E; ta nhén théy:
% . - - Ehi Vi <Vpe=0 thi wp=-Vsa
B_ - Ehi WV bt dau lon hon O vol’r:, mach
Bl o o=Vsy 001 trang thai vi vo=+Vsy. Tri s8 E; khi
TTE: ‘?RL v bit diu ddi trang thai duoc goi la
dim nay trén VUTP.

7 /77
Bay gio néu ta giam E (v dang la +V_), khi V bat dau nho hon V =0V thiv,

ddi trang thai va bang VT s6 cua E_Itc ndy goi la diém nay dudi Vi

Vo g & Vo & Vo
+"iui"s .................. -+ -+ & .
* ""FLTP
.-'"’.-' E:I.
0 s 0 E; 0 v "
VLTP b
> Yo ‘_,;_
- = ()
(a) (bl Wi
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Ta cd: vA:vSat—RzI

Va 1= Vow —E;
R, 4R,

. R 1IJT —E
Vay: V=V ——2 1R, = V RRnR Vo = RzR _
1+ 2 1+ 2

i

R, +R, S

Phén biét 2 trudng hop: ‘
- Khi tang E, tir tri 56 that &m 1€n, Ic dau vp=-V4 ; nén:

R E
WV, =(— -2 (W +—2 E.
= (Van) R1+R2( s R, +R,
Ehi V=0 tc E=VUTP, v @51 trang thai, ta suy ra:

R
Vi = —R_l(—vm) > 0

2
- Khi giam E_tir tri s6 duong dan xudng, lGc nay v =+V_ nén:
| a

E E
V= (+Vgy ) ——— (+Vg )+ — = E,

1

R,+R, R,+R,
Khi V=0, tirc E=VLTP, mach ddi trang thai. Vy:
R R
(Vg (1 — )+ —2— ¥, =0

R
= Vi =—R_1r;+v3a) <0
2

R
. v1-1 = VU'I‘P _vL'l'P = _1[(+vsu )_ (_ Vsu)]
Va: k,
Chi 13 Vg, | ¢6 th khc |- Vg, |

e/ Mach so sanh trong treong hop 2 ngé vao cé dién thé bat ky véi hoi tiép
dwong

*Dung mach khong dao: Dang mach nhu sau
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- Ehil Vi Wiy = Wo=-WVsu va Vu=E;-F;1
D{ o gL —i V0
Va + R, +E,
E. -
E: Nén V,=E,-F, i~ Yo
M R,+E,
R, . .
I Hay W,=EFE,-———E, +—
= ¥oTa F, +R, R,+k, °
E;

Khi V=V _ thi mach ddi trang théi v, ddi thanh +V_ ), tri sb cua E_luc ndy goi 12

diém nay trén V., Tir cong thirc Va ta tim duoc:

E.+E E
Wurm'p == : ‘vm’ - _1':_Vsu)
Rz Rz

Néu chon Ro=nR q, ta cé:

1 1
Vi = (1"'—]1"’-:5 = —(=Vu )
n n

- O trang thai mé1 (vy=+Vg,,), by gitr ta giam E; thi khi V, c6 tri sé:

R]. E R]

V,=E, - -
R,+R, ' R,+R,

i ':‘H’rsa:'
bang V_ thi mach s& ddi trang théi, tri s6 cua E_Itc ndy goi 1a diém nay dudi V.
Tuong tu nhu trén ta tim dugc:
R, +R, R,
1Ty Tl
R, ™R, (+Vg )

va néu nkq,=R, thi:

B

T“TLTP =

1 1
Vi = (] + —]me ——{(+Vgy )

n n
tr do:

+Wgy ) — (=W,
HH:vm_vLm:( Sﬂt:l l: Sai)
fi
Ngudi ta thdng dinh nghia tri 55 trung tam 14 tri trung binh cia VUTP va VLTP:
Vo +V, 1

v, = Y Vi _ [1+—]Vm-

2 n

néu ‘+\xysat|:|'\fsat|
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* Dung mach dao: Dang mach cidn ban nhu hinh sau:

Ei . 5 2 2 i
Ehi E; con nhd hon Vi, v & trang that +Veu

DongdiénIquaRl, B2 cotri s5:
0 { Vo I— Ve =V
Va + R, +E,

F. Dién thé tai ngd vao (+) la

R, A V=R IV,
=z

vref'

Néu ta tang E; I&n tir tir, khi E; dat dén tri s6 V4 thi mach ddi trang théi, tri s6 cua

E; lc do, cling 1a trj s6 cua V. goila diém nay trén Vi

Vo = “RiI+V

_Rl-vpEf AL + Vg
E, +E,
E E
v =[1-—L v +__——1 4+
UTP [ R] +R2] Tef R1+R2 I: Sa:l:l
, = Vi = —— Vo + 1 (+Vgy )
Neéu chon R2=nR1 I+n l+n

- U trang thai mdn vU=-‘iJSat
Vg ~ Vg _ Vg ~ (Vo)
R, +E, R, +E,

1'Jrnaf _(_vsu:' +
B, +E,

Doéong I =

V, =-R,I+V, =R,

Vg

Néu ta giam E tirtir, dén khi E =V mach s doi trang thai (v=-V ) VAE=V licd6co

tri s la Vo (diém nay dudi).

R R
j,/vm=[1— L ]vﬂ+71(—vm)

v néu Ro=nRq, ta tim duoc:
f1 1

Vip =—V; +——(=V

ol ™ 1+n( sa)
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Bai tap
Bai 1: Cho mach di¢n nhu hinh sau, v&i R;=10kQ, R=50kQ, Vomax= 14V.
a) Xac dinh hé sé khuéch dai cua mach
b) Xac dinh dién ap ra véi moi gia tri dién ap vao vi=0,2V; -1V; 2V; -3V; 4V
Rs

| — |
—T

— M Vo

Bai 2: Cho mach dién nhu hinh sau, voi R1=12kQ, R=180kQ, Vo(max= 14V.
a) Xac dinh hé sé khuéch dai cua mach
b) Xac dinh dién ap ra voi moi gia tri dién ap vao vi=-0,4V; 0,8V; 1,2V; -1,4V
Rs

1
S

Ri

— 'I;r:"ﬂ
1 —a
i

Cau 3: Cho mach dién nhu hinh sau, hdy xac dinh

vy Ea ’V}Q
>
1 Ri —

Bai 4: Cho mach dién nhu hinh sau, hdy xac dinh v,

s
+ W i
vz —/g\,— + K
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Bai 5: Cho mach dién nhu hinh sau.
a) Tim biéu thirc dién ap ngd ra (v,) theo dién &p vao.
b) Tinh v, khi:
Ry = 25kC2 Ry = 10,0y, Ry = 50kQY
Ry = Rg = 100kCY, Rg = 10kCY,
v;1=0,2V; v,=0,3V; v53=0,5V

¢) Néu tac dung cua R7, Rg. Tim gia tri ciia né dé mach 1am viéc tét nhat?

£ F
Vi [ —T—1
s

VI —— = Fy
+ e s
R 1
R—.@ Vi — =
g + ——a
Yo

Bai 6: Cho mach di¢n nhu hinh sau, véi: R;=10kQ, R,=50kQ, Vomax= 14V
a) Tim biéu thuc dién ap ngd ra (v,) theo dién ap vao.
b) Tinh v, khi:
v1=4V; v,=2V
vi=1V,; v,=5V
V=6V, v,=1V

£
L |

§ | I -
+ —
V2 Vo

R
vy R

Bai 7: Cho mach dién nhu hinh sau, voi:
R =502 B =10k
Rpp =30kC0 B =15
28



a) Tim biéu thic dién &p ngd ra (v,) theo dién ap vao.
b) Tinh v, khi:
v1=0,3V; v,=1V; v53=-2V

R
£
T -
ul N L.
Vi Vo
E
V2
K
V3
K

Bai 8: Cho mach dién nhu hinh sau, voi:
a) Tim biéu thire dién &p ngd ra (v,) theo dién ap vao.
b) Xac dinh v, khi:
v1=(1+10sin100t)V

Vo=-1V
C=1uF
R,=R,=100kQ
R o
o |
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