Khuéch dai thudt toan

Bai 10: KHUECH DAI THUAT TOAN

Mach khuéch dai thuat toan (Operational Amplifier), thuong duoc goi tat 1a Op-
Amp la mgt mach khuéch dai "DC-coupled" (tin hi¢u dau vao bao gém ca tin hi¢u BIAS)
v6i hé s6 khuéch dai rat cao, c6 dau vao vi sai va thong thuong co dau ra don. Trong
nhitng ing dung thong thudng, dau ra duoc diéu khién bang mot mach héi tiép am sao
cho ¢6 thé xac dinh do 1gi dau ra, téng trd dau vao va téng trd dau ra.

Cac mach khuéch dai thuat toan (KPTT) dugc ung dung nhiéu trong cac thiét bi
dién tor dan dung, cong nghi¢p va khoa hoc. Cac mach khuéch dai thuat toan thong dung
hién nay c6 gia thanh rat ré. Cac thiét ké hién dai da dugc dién tir hoa chat ché hon trude
day, va mdt s6 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 diu vao ma thyc chét chinh 1a 2 dau vao cua mot by khuéch

dai vi sai, téng dau cua bo KDTT.

10.1 Mach khuéch dai vi sai

Dang can ban ctia mach khuéch dai vi sai dugc trinh bay nhu hinh sau:

I+vcc - Mach d6i xung theo duong thang ding.
Cac phan tir twong tng gidng nhau vé moi
C1 Re dac tinh.
Vv, \Y%
ol o2 Rp1 = Rp2 ; Rei1 =Rez2 ;5 Vee = Ve
i V2 :
R i, & Transistor Q1 va Q2 gidong nhau, thudng
B B2 dugc ché tao trén cung mot mau tinh thé.
x - Mach c6 2 ngd vao la vi, va va2 ngdrala
-VEE Vol , Vo2

Hinh 10.1: Mach khuéch dai vi sai

- C6 2 phuong phap lay tin hiéu ra: L4y ra ¢ ca 2 cuc C cta hai transistor hoic 13y ra tir

mot cuc va diém GND.
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- Phén biét 3 truong hop:
+ Khi hai tin hi€u vao cung bién do va cung pha vi = v, ta ¢6 tin hiéu ngo ra:
Vo1 = K.vi
Vo2 = K.va
Do mach 13 d6i xtng nén ta c6 vo1 = Vo2 suy ra ngd ra vi sai bang 0.
+ Khi tin hiéu vao c6 dang vi sai vi = -v2 (cung bién d¢ nhung ngugc pha): khi do6
ta cO Vo — Vor = Kys(Vi - v2) khac 0, trong d6 Kys 1 hé s6 khuéch dai vi sai, gia tri
nay thudng rat 1on.
Nhu vy, mach khuéch dai vi sai chi khuéch dai dai lwong 1a sai s6 cua 2 tin hiéu
vao ma khong khuéch dai ting tin hiéu thanh phan.
+ Khi hai tin hiéu vao 1a bat ky, thi mach khuéch dai s& khuéch dai ca thanh phan
vi sai va khong vi sai cua 2 tin hi¢u do.
a) Mach phan cuc
Ta co: Ic =1g =1Ic1 + Ic2 va Ici = Ica => Ig = 2Ic1 hoac Ig = 2l
= lc1 =l =1§/2
Vata c6: Rci=Re2=Rc
Khi mach hoan toan déi xtng, ta cé:

Vce + Vee — Reler — Vegr — Relg=0

Hoac:
Vce + Vee — Relez — Vegz — Relg=0
Suy ra: Vce1= V= Vee + Vee — Relg/2 - Relg

+Vee

Hinh 10.2: Mach phéan cuc
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Ngoai ra ta co:

RgIg + Vg + 2Relg — VEE =0
Ma ta co:

Ig = [c=PIg hay Iz = Ig/B
Suy ra: Rgle/p + Ve + 2Relg — VEe =0

IE:\/EL\I;B_EzIC
2R, +—E&
B

b) Mach twong dwong xoay chiéu
Ta c6 mach twong dwong xoay chiéu ctia mach khuéch dai vi sai duoc trinh bay

trong hinh sau:

+Vee

ibl i

—
= L Rc S /77 LRc | V2

vy Pre < ?Vol Vo2

¥ . 3
, Piv1 Pin2 }
~Vee ,

Hinh 10.3: Mach tuong duong xoay chiéu

Ta cod: vi=-v2; Vo1=-Vo2; Reci=Rc=Rc¢
Nhu vay dong dién luén nguoc chiéu trong hai transistor, khong qua Rg nén c6 thé
bo qua R trong khi tinh toén:

Tir mach tuong duong trén ta thiy dong dién qua Rc bang dong dién Pi» nhung

A . .V . . .o \
nguoc chiéu nhau, do d6 ta c6: —*-=—fi,, ;matacd i, =—
C re
Suy ra: Vol — _i = Vol —— RC
C I.e V1 re

.. V,—V . .
Ngoaira: A, =—"—=2 ;matacd Vi=-v2; VoI =-Vo2

V=V,
2v \Y% R
ol ol C
S A, =T e
2v, v, I,
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10.2 Céc ting trong mach Op-amp
Mach Op-amp str dung mach vi sai tong hop, gdm 3 tang: ting ddu, cic tang giira
va tang cudi.
a) Tang dau: khuéch dai vi sai can ban (dd khao sat bén trén).
b) Cac tang giira: khuéch dai trung gian, cic ting gilta c¢6 thé 1a vi sai hay don
cuc.
* Mdc ndi tiép vi sai véi vi sai: so dd mach méc nbi tiép vi sai v6i vi sai dugc trinh

bay trong hinh sau:

Vee
Ngdra
Re
Rs
%/_/ H_/
Tang 1 Tang 2

Hinh 10.4: Mac ndi ti€p vi sai vo1 vi sai

Tuy nhién do6i voi mach nay thi tong tréd vao cua tang vi sai thir 2 ¢6 thé lam mat

can bang tong trd ra cua tang vi sai trudce. Tang sau khong can dung nguén dong dién.

* Mdc vi sai noi tiép voi don cuc:
Nguoi ta thuong dung tang don cuc dé:
- Dé sir dung.

- D€ tao mach cong suat.
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Nhung mach don cuc s€ lam phat sinh mgt s6 van dé mai:
- Lam mat can bang tang vi sai, nén hai di¢n tr¢ Rc cua tang vi sai doi khi phai co
tr1 s6 khac nhau dé bu trur cho sy mat can bang.

Vee Trong do6:

|
Re "% R.=R./Z,
> Véi Zy 1a tong tro vao cia ting don cuc.
;Y_J

Tang don cuc

Hinh 10.5
c) T?mg cudi: khuéch dai dém
Phai thoa mén cac diéu kién:
- Cho mdt téng trd ra that nho.

- Pién 4p phan cyc tai ngd ra bang 0 volt khi hai ngd vao ¢ 0 volt.

* Diéu kién vé tong tro ra:

Pé duoc tong tro ra nho, ngudi ta thudng ding mach cyc thu chung.

—

Vee IV\/
Bre io o

Rs Rg

- = = &,

Vo
Rg

-V
(a) (b)

Hinh 10.6

Zo

Pé tinh tong trd ra ta dung mach twong duong hinh 10.6(b), trong d6 Rs 14 tong tré
ra ctia tang (don cuc) dimg trudc.

Ta co:
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Phan giai mach ta tim duoc:

Vo __ Rp(Rg+fr)

4]

° i R,(I1+P)+Pr, +R

Thong thuong PR rat 16n nén:
R

\'%
_ _0 ~ S
=—2xr +—

IO B

* Dieu kién vé dién ap phan cuc:

(4]

Vi cac tang duoc méc truc tiép voi nhau nén dién ap phan cuc ngd ra cua tang cudi
c6 thé khong ¢ 0 volt khi ngd vao ¢ 0 volt. Dé giai quyét ngudi ta dung mach di chuyén
dién ap (Level shifting network) gdbm c6: mot ngudn dong dién I va mot dién tré R sao
cho: E = R.I, trong d6 E 14 dién ap phan cuc ngd ra (khac 0 volt) cua tang cudi. Tuy nhién,
nhu vy téng tré ra s€ tang thém mot tri s6 1a R. Vi vay dé thoa man ca hai diéu kién,
ngudi ta dung mach di chuyén dién ap trudc mot ting cuc thu chung.

Ta c6 so d6 mach cua tang cudi nhu sau:

+6V

0.7V T

) E
Ngdra

T o=

-6V

S v’

Mach di chuydn diénap

Hinh 10.7
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Trong d6 R va T, 13 mach di chuyén dién ap, Ts 1a tAng cuc thu chung dé cho tong
trd ra nho.

Nhu véy ta thdy rang Op-Amps 13 linh kién dién tir duoc tao thanh tir su t6 hop
ctia nhiéu phan tir tich cu (transistor) v&i cac phan tir thu dong khic theo mot qui luat
riéng dugc nha san xuat qui dinh.

Vi du: mot Op-Amp ppc 709 cua hang Fairchild:

INPUT

FREQUENCY

COMPENSATION
(8)

INPUT
G A FREQUENCY ~
\\ ¢ COMPENSATION

< (»)
“j TL709M (=) INPUT
Resz4 b
) &) it oUTPUT
. 1 FREQUENCY
\ s COMPENSATION

+6v

T

2.4k

480(')%

Hinh 10.9: So @6 mach ctia Op-Amp ppc 709
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T1, T2: Mach vi sai can ban ngo vao.

Ts: Nguff)n dong dién cho T va T». Dién 4ap phan cuc tai cuc nén cua Ts duge xac dinh
boi cau phan ap gdm T (miac thanh diode), dién tré 480Q va 2.4kQ.

Ta, Ts: khong phai 1a vi sai vi 2 chan E ndi mass. T4 c6 nhiém vu 6n dinh dién ap tai diém
A cho T va Ta.

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

T7: La mach cuc thu chung dau tién va Ts1a mach di chuyén dién ap voi dién trd 3.4k.

To: La mach cuc thu chung ciing 1a ting cudi dé dat duoc tong tré ra nho.

10.3 Mach khuéch dai thuét toan cin ban

Mach khuéch dai thuét toan 1y tuong c6 mot s6 dic tinh nhu sau:

Op-Amp ly twéng Op-Amp thye té
Do 1gi (A) vo cung 16n Do 1gi 100.000 — 200.000
Tong trd vao — oo Tong tré vao 10° —10°Q)
Tong tré ngd ra =0 Toéng trd ngd ra nho
Bang thong — « Bang thong hitu han
Dong vao tinh =0 Dong vao tinh nho
Dong vao léch =0 Dong vao 1éch 20 — 30nA
Dién ap 1€ch Vorser=0 bién &p 1é€ch: 2 » 10mV
Slew Rate: SR — o Slew Rate: 0.7 — 100mV/ms

Pé don gian trong viéc tinh toan trén Op-Amp, c6 thé tinh toan trén Op-Amp 1y
tuong sau d6 thuc hién hiéu chinh cac thong sb trong mach. Trén thuc té c6 nhitng Op-
Amps dugc ché tao voi muc dich chuyén dung (trong k¥ thuat hang khong vii tru, quan
su, y t&, cong nghiép ...), cac dic tinh cta né rat gan véi dic tinh cuia Op-Amps 1y tudng.

Op-Amp chi c6 mot dau ra duy nhat, hai dau vao cap ngudn va cac chan bu dién ap,
bu tan sd, ... Hinh 10.10 va Hinh 10.11 trinh bay ky hiéu, mach tuong duwong va dic tinh
chuyén dién ap ctia Op-Amp.
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+Vce +Vee

in+t

int |+

1es 1A @)

in-

-Vce -Vce

(a) Ky hi¢u b) Mach tuong duong

Hinh 10.10: Ky hiéu va mach tuong duong ctia Op-Amp

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

>
IVio=Vin+ - Vin-

Bao hoa am

dascadeccacencenccncenccnnannen

-Vee

Hinh 10.11: Pic tinh chuyén dién ap ctia Op-Amp

Khi tinh toan d6i véi Op-Amp 1y tudng can luu ¥ mot sé quy tic sau:

< DO 1oi A (hé s6 khuéch dai) vo cung 16n nén dién ap & ngd vao + va - ciia Op-Amp 1a

bang nhau.

Taco: v, =Alv,, —v,_)

VO
<=>A=——"———>owsuyra: v,, —Vv,

V. —V.

mn+ mn-—

= O <=> Vin+ = Vin—
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7
0‘0

>

D)

Téng trd vao ciia Op-Amp bang vo ciing nén khong c6 dong dién chay vao hodc ra ¢
ngd vao + va - cua Op-Amp.

Zn=o suyra 1+=1=0
Tong trd ra cua Op-Amp bang khong nén dién ap ngd ra khong phu thudce vao dong
dién ra.

Zout = 0 => v, khong phu thude vao dong dién i,
Trong mach khuéch dai thuat toan 1y tudng, khi ca hai ngd vao c6 dién ap bang
khong thi dién ap ngd ra bang khong. Nhung trong thuc té, khi ca hai ngd vao co dién
ap bang khong thi dién ap ngd ra khac khong (dién ap offset ngd ra). Nguyén nhan l1a
do co su bat d6i ximg & ngd vao 1am cho dién ap vao khac khong (dién ap offset ngd
va0). Do d6 can phai c6 mach diéu chinh dién ap ngd vao sao cho khi d6 dién ap ngd

ra bang khong.

Khao sat mach khuéch dai cin ban sir dung Op-Amp: vi Op-Amp c6 hé s6 khuéch

dai A rat 1on nén phai dung hoi tiép am, ta c6 hai dang mach khuéch dai cdn ban sau:

10.3.1 Mach khuéch dai dio

Dang mach can ban cua mach khuéch dai dao nhu sau:

Rs

W

F -
1i If
Vi ;’/vv__
Vb
R; L
Va

/S

Hinh 10.12: Mach khuéch dai dao

Tin hi¢u v; dugc dua vao & ngd vao (-) va ngd vao (+) noi dat. Tin hi¢u vi c6 thé

xoay chiéu hodc moét chiéu. Ta cO va = Vin+ VA Vb = Vin-

Op-Amp 1y tuéng (Vin= Vin- va i- =1i.= 0) nén ta c6: va=vo= 0 (do va n6i dét).

10
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. . \Z v
Suyra: i, =—1, & —=—-=°
R, R,

1

T d6 suy ra d0 loi dién 4p cua mach:

A =Yoo _Re

' i Ri
R;

Sv, =——"v,
R

Nhdn xét.

- Khi R¢= Rj thi ta ¢6 vo = -vi hay v, va vi Iéch pha 180°nén con dugc goi 1a mach khuéch
dai ddo va ngd vao ( - ) duoc goi la ngd vao dao.

- Rrdong vai tro mach hoi tiép am. Rrcang 16n (hoi tiép 4m cang nho) do khuéch dai cua
mach cang lon.

- Khi Rrva R;1a dién tré thuan thi Op-Amp c6 tinh khuéch dai ca dién ap mot chiéu.

10.3.2 Mach khuéch dai khong dao

Dang mach can ban cia mach khuéch dai khong dao nhu sau.

Rf
A\,
R; T
Ladrwl” N
ol Val+
- V2l Vo

Hinh 10.13: Mach khuéch dai khong dao

Ta cO Va = Vin+ VA Vb = Vin.
Do Op-Amp 1y tuéng (Vin+= vin-va 1+ =1.=0), nén ta c0: va= vp= Vi va 1f = I
Ta c6 dong qua Rrva R; dugc xac dinh nhu sau:

CYeTVe _ Ve
£ st T
R, "' R

1

: : o b b
lf—li:> = —
Rf R.

1

11
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Ma ta coO vp=Vi, suy ra:

V,—V, V, v,—-v, R;
:—@ e
R, R, v, R,
R R
PRI I APENA. I A
\2 R, \2 R,
<A, =£=1+&
\Z R,
=2 :(H—iji
Ri
Nhan xét:

- Khi Ry, R;1a dién trd thuan thi ngd ra v, s& c6 cung pha véi ngd vao vi (nén mach duoc
goi 1a mach khuéch dai khong dao va ngd vao (+) dugc goi 1 ngd vao khong dao).

- Rr dong vai tro hoi tiép am. Dé ting d6 khuéch dai A, ta c6 thé ting Rrhodc giam Ri.

- Mach khuéch dai ca tin hiéu mot chiéu khi Reva R; 1a dién tro thuan. Mach ciing giit
nguyén tinh chat khong dao va co cung cong thirc v6i trudng hop cua tin hiéu xoay chiéu.
- Khi R=0, ta ¢6: A=1 = vo=v; hodac Ri=w ta ciing c6 A,=1 va vo,=vi (hinh 10.13). Luc
nay mach duogc goi 1a mach theo dién 4p (voltage follower) thuong dugc dung lam mach

dém (buffer) vi c6 tong trd vao 16n va tdng trd ra nhd nhu mach cyc thu chung ¢ BJT.

Rs

=T -
iy N - -

+ Vo=V Vo= Vj Vo= Vi
Vi Vi Vi

Hinh 10.14: Mach theo dién ap (voltage follower)

12
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10.4 Ung dung ciia Op-Amp
10.4.1 Mach lam toan
Pay la cac mach dién tir dac biét trong do su lién hé gitra dién ap ngd vao va ngo ra
la cac phuong trinh toédn hoc don gian.
a) Mach cong:
- Mach cong ddo: xét so do mach cong ddo nhu sau.
: R¢
1 Ry A\

|
If

Hinh 10.15: So d mach cong dao

Op-Amp 1y tudng nén ta co: va=vp= 0 (hay vs ndi dat)

Tt mach trén ta c6 cac dong dién chay qua cac di¢n trd nhu sau:

o .V, V.
Suyra:is=ii+ix+...tip= 2L+ 4 +-20

Ma ta co: If = -1
Vo = Reir= - Ry.dg

Suy ra:

VO:—Rf[%-F%-F...'F%J
1 2

Hay:

13
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Xét truong hop dac biét: R=Ri= R,=...=R, thi ta co:

_ n
Vo = _Z i1 Vil

Tin hiéu ngd ra bang tong cac tin hiéu ngd vao nhung nguoc pha. Ta chi ¥ vi 1a
dién ap bat ky co thé 1a mot chiéu hodc xoay chiéu.

- Mach cong khong dio: xét so dd mach cong khong dao nhu sau.

Rs
A\
If
Mo
lie— Vb |

Vi2

Vin

Hinh 10.16: So 6 mach cong khong dao

R.

Op-Amp ly tuéngnéntaco: v. =v, =———v
p ply g a b R +R, 0

Goi i1, 12,... 1n la dong dién 6 ngd vao va ta co: i1+ 12+ ..+ in=1+= 0 (do Op-Amp

’, 5 R Vi _Va . Vi _Va . Vin _Va
ly twong). Voi: i, = i, =—2—2: ;i =
R, R, R,
Suy ra: il _Va + ViZ _Va 4o+ in _Va — O
R, R, R,
= il Va + i2 Va Vin _ Va —
RI Rl R2 RZ Rn Rn
<:>h+h Vin:Va Va +“+Va
Rl R2 Rn Rl RZ Rn
v \% 1 1
oLy 2 i =(—+—+ +—Jva
R, R, R R, R, .
st o R, N S
Mataco: v, =v, = ﬁvo ; thay vao biéu thuc trén ta duoc:
+

i F

14
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il i2 Vm 1 1 1 Rl
+ =l —+— 4.t —
R, R, R, (R, R, R, \R.+R,)°
Ri + Rf Vil Vi2 in 1
v, = + 24+ 7 7 7
R, R, R, Rl oy “ v ™
1 2 n
5 1 1 1 1 RT S
bat R, =Ri//Ro// ... //Ry <& — =—+—+...+ — thay vao biéu thuc v, ta duogc:
Rp 1 R2 Rn

v, = Ri+R; Ya Yo Ve g
R. \R, R, R P

1 n

SV, = 1+& Y Yo, Ve g
R.\R, R, R )"

Xét truong hop dac biét: Ri=R,= ... =R, =R

1
_n_p_R
R R " 'n

p

Nhu vay suy ra:

vV = 1+& (Vil+Vi2+'”+Vi“jE

1

oV, :(1+&J(V” +v, +...+ij
R, n

b) Mach tru:

Ta c6 2 cach tao mach tru.

- Trir bang phwong phap doi dau: B¢ trr mdt s, ta cdng vdi s6 doi cia so do.

Y Vo:_Rf[h+h+...+hj
M/ Rf R, R, R

A R AW

Vol ~ v
o
/S +
Ri
Vil

W

Hinh 10.17: Mach trir bang phwong phéap doi dau

n

15
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Xét tang dau tién, day 1a mach khuéch dai ddo nén ta co: vor = -vi2

Xét téng thtr 2, day 1a mach cong ddo, thyc hién cong 2 tin hiéu vao la vii va -vi,

v. =-R h+ﬂ - _r|Yi_ Vi
o f Rl R2 f Rl R2

Truong hop dac biét néu R=R,=Rs, thi ta duoc:

nén ta co:

Vo= — (Vi1 — Vi2) = Vi2 - Vil

Nhu vay ta thy tin hiéu ¢ ngd ra 12 hiéu ciia hai tin hiéu ngd vao.

- Trir bang mach vi sai: Dang mach co ban nhu sau

Rs
. AN
V2 i
/\A/ Vb i
Vil /\A/ Val|+ Vo
R;

f N

Hinh 10.18: Mach trir bang mach vi sai

Cach I:
Do Op-Amp ly tudng nén ta co:

Rf
V, =V, =——
R, +R,

il

Ta c6 dong dién vao tir vio qua R; bang vdi dong dién qua Renén ta co:

16
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=2 =Vb—&v2+ Lv,
o R1 1 R1
R, ) R, R,+R; | R,
SV, =V, | 1+—|——V, =V, -—V,,
R,) R, R, ) R,

Thay vy vao v, ta dugc:

Truong hop dac biét néu R=R; , suy ra: vo= (Vil — Vi2)

Nhu vay ta thay rang tin hiéu ¢ ngo ra 1a hi€u cta hai tin hiéu ngd vao.

Cach 2:

- Khi vi1=0 (va = 0), vi2# 0, mach s& tr¢ thanh mach khuéch dai dao nén ta co:

- Khi vi1 # 0, vi2= 0, mach s& trd thanh mach khuéch dai khong ddo nén ta co:

A (1 + %}Va

Ma ta cé cAu phan ap tai (va): v, =

Thay va vao vor ta dugc:

R, R, R, +R; R, R,
Vo = I+ — | — Vi = Vi =7 Vi
R, AR +R, R, R, +R, R,

17
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- Khi c¢6 ca 2 tin hi€u vao vi; va vi2 nén ta c¢ tin hiéu ra:
Rf Rf

Vo=V +V, = R Vi — R Vis

1 1

R
SV ZK(VH _Viz)

Truong hop dic biét néu R=R; , suy ra: vo= (Vi1 — Vo).

Nhu vay ta thay rang tin hi€u & ngd ra 1a hi€u cua hai tin hi¢u ngd vao.

¢) Mach tich phan:
Dang mach tich phan nhu sau:
G
| ]
|
‘_
- R; ic
—-» Vb
1 Va Vo

Hinh 10.19: Mach tich phan
Op-Amp 1y tudng nén ta co: va= vy = 0 (hay vy ndi dat)
Ta c6 dong dién di qua tu dugc tinh bdi cong thurc:

dv,
dt

i.=C

Mata co: 1= - ic

1 (4]

=i =-C—2dv =—liidt<:>voz—l.[iidt
C C

- L - V; \
Mac khac: 1, = El thay vao v, ta duoc:

i

v, = _RL.C'[Vidt

1

18
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d) Mach vi phan

Dang mach vi phan nhu sau:

Ry
s
® If
|
S Vb
1Cc Va + Vo

/ 7
27/

Hinh 10.20: Mach vi phan
Op-Amp 1y tudng nén ta co: va= vp= 0 (hay vs ndi dat)

Ta c6 dong dién di qua tu dugc tinh bdi cong thic:

i dv.
1.=C—~
< dt

. ) : dv.

Ma ta co: ir=-ic <=> i, :_Cd_tl

o , . v \ . X , A
Mac khéc: 1, = R° thay vao bi€u thurc trén ta duoc:
f
v,  ~dv, dv,

= Cov,=-R,C
R, dt dt

10.4.2 Mach so sanh
a) Dién ap ngo ra biao hoa

Ta xem mach nhu hinh sau:
Ta co: vo=A(vi—v2) = A.Eq

+Vce

V61 Ea=vi—v2

Eq Eq 14 dién &p khac nhau gitra 2 ngd vao va

Vi y

dugc dinh nghia:

Eq = (dién &p ngd vao +) — (di€n ap ngd vao -)

Do mach khong c6 hoi tiép &m nén:

Hinh 10.21 Vo = A.E4
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Trong d6 A 1a do loi vong hd ctia Op-Amp, vi A rat 16n nén theo cong thirc trén v, rat 16n.
Khi E4nho, v, dugc xac dinh. Khi Eq vugt qua mat tri 6 nao dé thi v, dat dén tri s bao
hoa va duoc goi 1a Vsa. Tri s6 ctia Eq tily thudc vao mdi Op-Amp va c6 tri s6 vao khoang
vai chuc pV.

- Khi Eqam, mach ddo pha nén vo=-Vsa

- Khi Eqduong, tirc vi>va thi vo=+Vsa

Pién 4p ngd ra bao hoa thudng nho hon dién ap ngudn tir 1 volt dén 2 volt. Pé ¥ 1a

[+V | c6 the khac |-V |. Nhu vay ta thay dién 4p Eqtoi da 1a:

+ Vi \ -V,

+Edmax =—=% va _Edmax = =

A A
Vo A
........................... EVee
: : Bao hoa duong
Viing khuéch dai | E
] /Vi=Vint+ - Vin-
-Vsat +Vsat "
A { f A
Bao hoa am 5
-Vee
Hinh 10.22
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b) Mach so sanh murc 0 (tich mirc zero)

- So sanh mirc zero khong ddo: ta c6 dang mach co ban nhu sau:

+Vce

Viet=0 Dién 4p ¢ ngd vao (-) dugc dung lam di¢n ap
chuén va E; 1a dién 4p mudn dem so sanh voi
dién ap chuan duoc dua vao ngd vao (+).
Khi E; > V=0V thi vo=tVsat

Khi E1 < VrefZOV thi V():'VSat

Hinh 10.23
Vi du khi E; c6 dang tam giac thi dang séng ngd ra v, ¢6 dang nhu hinh sau:
Vo
A A
v
+Vsat . : +Vsat —[ T

0 > .4 >

TN NN
'VSt : M
: -Vsat

Hinh 10.24

- Mach so sanh mirc zero ddo: ta c6 dang mach co ban nhu sau:

+Vce N
By Dién &p chuan V=0v dat & ngd vao (+).
S Dién ap so sanh E; dua vao ngd vao (-).
ref —
Khl Ei > VrefZOV thi V():'VSat
= -V
° L Khi E] < VrefZOV thi V0:+VSat
Hinh 10.25
v
4 Vo A >
+Vsat /
>+ Vsat 5 vivy; s
, /\ A
E; 0 N 8 t
'VSat i
e
'vSat
Hinh 10.26
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¢) Mach so sanh véi 2 ngd vao cé dién ap bat ky

- So sanh mirc dwong khong dio:

+Vce

Dién ap chuin Vier> Ov dit & ngd vao (-).

Dién ap so sanh E; dua vao ngd vao (+).
Khl Ei > Vref thi Vo=+VSat
Khi E] < Vref thi V():'VSat

Hinh 10.27
A Vo Vo A W
+VSat ) é +vSat
Vier Vier | /\ /\
/ N % .
0 E; 0 t
7 E i
> 'vSat N

-Vsa| |
Hinh 10.28

- So sanh mirc duwong dao:

+Vce ‘A g X “, 2 ~ s
. Dién 4p chuan Vs >0v ddt & ngd vao (+).
i
Dién 4p so sanh E; dua vao ngd vao (-).
vV Khl Ei > Vref thi VOZ'VSat
ref +
__l Khi E1 < Vref thi V0=+VSat
=
Hinh 10.29
v
4 Vo Iy i
2 +VSat +VSat B
Viyer Viyer
Y
0 B 0 \/4\ %
E;
Vs ’
S S
“Vea
Hinh 10.30
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- So sanh mirc am khong dio:

+Vce
| lvref [~ Vo
[ e
= -Vce Ry
Hinh 10.31
A Vo
Vxef
1] ET
—_—

- So sanh mwrc am dao:

+Vce

+VSat
Vref

A

“Vsa

\

Dién 4p chuin Vs < Ov dit & ngd vao (-).

Dién ap so sanh E; dua vao ngd vao (+).

Khi E; > Vier thi vo=+Vsat
Khl Ei < Vref thi VOZ'VSat
Vo
A
+VSM /\
T >
VREN
Vse
Hinh 10.32

Dién 4p chuin Vier < Ov dit & ngd vao (+).

Dién ap so sanh E; dua vao ngd vao (-).

Khi E1 > Vref thi V():'VSat
Khi E; < Vier thi vo=+Vsat

Vo
A
Vs e —
x >
-V
Hinh 10.34
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10.5 Mot s6 IC Op-Amp
a) IC Op-Amp LM741: Hinh dang thuc té va so d6 chan cta IC Op-Amp LM741 duoc

trinh bay nhu trong hinh sau:

o \ 4
offset null 1 8 not connected
inverting input 2 7 +V
non-inverting input 3 . 6 output
-V 4 ‘ 5 offset null

Hinh 10.35: IC Op-Amp LM741
IC Op-Amp LM741 gdom c6 8 chan, trong d6 can luu ¥ cac chan chiic nang nhu sau:
- Chan 2 (inverting input): Ngd vao dao
- Chan 3 (non-inverting input): Ngo vao khong dao
- Chan 6 (ouput): Ngo ra
- Chan 4 (-V hay -Vcc): Ngudn am cp cho Op-Amp (-5V dén -15V)
- Chan 7 (+V hay +Vcc): Nguon duong cap cho Op-Amp (+5V dén +15V)
- Chan 1 va 5 (offset null): bu offset
- Chan 8 (not connected): khong két nbi

So d6 mach bén trong cia IC Op-Amp LM741 duoc trinh bay nhu trong hinh 10.35.

7

2 v
é—r—[[ a9 mla——'—-gms
4 Kou
3 2 INVERTING
NON=INVERTING 2
INPUT al Q2 INPUT :E ggx iz
-< VY -
R7 ols:’—m
45K
=Cl

03 30pF| R8 I:I L Ry
04 7.5K :: 25

"V‘ A

g i b5 outpur
Q7 15 QUTPY

>
< R10
o 50

a7
Q6 afo \i I‘/
Q5 a1 in/‘ '\azo
OFFSET NULL — 5_OFFSET
NULL
R1 RS S R2 R4 RIZ S RN
1K 50K 21K 5K 50K < 50

Ly

Hinh 10.36: So 6 mach cta IC Op-Amp LM741
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Vi du: Thiét ké mach canh béo nhiét do sir dung IC Op-Amp LM741 va cam bién
nhiét @6 LM35. Néu nhiét d6 16n hon hodc bang 70°C thi LED canh bao nhiét d6 sang,
nguoc lai thi LED cdnh bdo nhiét o tat.

- Op-Amp LM741: cap ngudn Vee== 12V

- LED: dién &p 2V, dong dién 10mA.

- Cam bién nhiét 6 LM35 1a mot loai cam bién tuong tu (analog), c6 dién ap dau
ra tuyén tinh theo nhiét do. LM35 thuong duoc ing dung trong viéc do nhiét do6 moi
truong thoi gian thuc. LM35 ¢6 cac thong sb k¥ thudt nhu sau:

+ Dién 4p hoat dong: 4 - 20VDC

+ Cong suat tidu thu: khoang 60uA

+ Khoang nhiét 4o do: -55°C dén 150°C

+ Pién 4p tuyén tinh theo nhiét d6: 10mV/°C

+ Sai 50: 0,25°C
Thiét ké mach:

- St dung Op-Amp LM741 thiét ké mach thyc hién chtc ning so sanh mirc duong
khong dao.

+Vce

Hinh 10.37
Trong do:
+ DPién 4p ngudng Vier= 0,7V (twong ung 70°C) dat & ngd vao (-) cua Op-Amp
LM741. St dung bién tro dé diéu chinh dat dén dién ap ngudong Vier.
+ Pién 4p so sanh E; (ldy tir ngd ra ciia cam bién LM35) dugc dua vao ngd vao (+)
cua Op-Amp LM741.
Ghi chii: Vi dién ap ra ctia LM35 tuyén tinh theo nhiét do: 1°C twong (g ngd ra
10mV, nhu vay 70°C tuong img ngd ra 700mV (hay 0,7V).
s Khi Ei > Vier thi vo=+Vsa ®+Vce; khi Ei < Vier thi vo=-Vsa = -Vce
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- Tal & ngd ra st dung LED (c6 dién 4p 2V, dong dién 10mA) va dién tré han
dong Ri. Tinh toan gia tri dién tré Ry

+ Xét truong hop khi Ei > Vier thi vo=+Vsa = +Vee =+12V.

Ma ta c6: vo = Vr1 + VLep = 12V, trong d6 Viep = 2V => Vri=10V

Ngoai ra dong di¢n qua LED va dién tr¢ R1 1a 10mA => R1 = 10V/10mA = 1kQ

+12v

LM35

. ©®
N — ¢ o
S

Ik

D1
LED-RED

-12v

Hinh 10.38

b) IC Op-Amp TL062: Hinh dang thuc té va so do chan ciia IC Op-Amp TL062 dugc

trinh bay nhu trong hinh sau:

1 [ ] s
1 - Output 1
E j 2 - Inverting input 1
2 7 3 - Non-inverting input 1
4-Vee
5 - Non-inverting input 2
3 E ] 6 6 - Inverting input 2
7 - Output 2
s Os o

Hinh 10.39: IC Op-Amp TL062
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¢) IC Op-Amp LM358: Hinh dang thuc té va so db chan cua IC Op-Amp LM358 duoc

trinh bay nhu trong hinh sau:

1 ] s
2 [ ] 7
3 [ [ 6
4 ] 5
1 - Output 1 5- Non-inverting input 2
2 - Inverting input 1 6 - Inverting input 2
3 - Non-inverting input 1 7 - Ouput 2
4-Veo 8-Vee"

Hinh 10.41: IC Op-Amp LM358

d) IC Op-Amp TLO084: Hinh dang thyuc t& va so d chan cua IC Op-Amp TL084 dugc

trinh bay nhu trong hinh sau:

Qutput 1 1 E u :l 14 Output 4
Inverting Input 1 2 E >J \Q] 13 Inverting Input 4
Non-inverting Input 1 3 [::|+ :l 12 Non-inverting Input 4
vee* 4 [ 1 11 Vee-

Non-inverting Input 2 5 l:jl+ :] 10 Non-inverting Input 3
Inverting Input2 6 [ = :] 9 Inverting Input 3
Output2 7 I: :l 8 Output 3

Hinh 10.41: IC Op-Amp TL084

27



Khuéch dai thudt toan

Bai tip - Khuéch dai thuat toan

Cau 1: Cho mach dién Op-Amp ly tuong nhu sau, vi Ri=10k€, R=50kQ, £ Vee=+12V.
a) Xac dinh h¢ s6 khuéch dai cua mach, cho biét chirc nang cua mach nay.
b) Xac dinh dién ap ra v6i mdi gia tri dién ap vao vi=0,2V; -1V; 2V; -3V; 4V

R
MV
+Vee
Vi A RA 1'\

+

Jg- -Vee

Céu 2: Cho mach dién Op-Amp ly tuéng nhu sau, véi Ri=12kQ, R=180k2,
+Vcee=%+12V
a) Xac dinh hé s6 khuéch dai cua mach, cho biét chirc nang cua mach nay.
b) Xac dinh dién ap ra voi mdi gid tri dién ap vao vi=-0,4V; 0,8V; 1,2V; -1,4V
R¢

MAN

+Vce
Ry

Vi +

-Vee
Céu 3: Cho mach dién Op-Amp ly tuéng nhu sau.
a) Hay tim biéu thirc dién 4p ngod ra (v,) theo dién ap vao (vi, v2)
b) Ne&u chon gia tri Ri=R; va Ri=Ry, hay suy ra v, va cho biét chirc nang cua mach nay.

R;
AAN
R;
Vie AVAYAY I
Vie \/\,R/{a

Cau 4: Cho mach dién Op-Amp 1y tuéng nhu sau, hiy xac dinh biéu thuc vo.

R /\f&f ,\/%f
—fW— e Rs
:] + Vol A"’V )
2 —/I\{A,— + W
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Céu 5: Cho mach dién Op-Amp ly tuéng nhu sau.
a) Tim biéu thirc dién ap ngd ra (vo) theo dién ap vao.
b) Tinh v, khi: vi=0,2V; v»=0,3V; v3=0,5V; £Vcc=%12V
R, =25kQ;R, =10kQ; R, =50k(; R, =R, =100kQ; R, =10kQ2

Ry R3
V] — WA ———WW——
V2—wW- = A R4
R2 > = ‘ Rs
_L_ L A~

= V3 —AWW o
L b

Céu 6: Cho mach dién Op-Amp ly tuéng nhu sau, véi: Ri1=10kQ, Ro=50k,
+Vce=112V

a) Tim biéu thirc dién ap ngd ra (vo) theo dién ap vao.

b) Tinh v, khi:

V1=4V; vo=2V
vi=1V; vo=5V
V1=6V; v=1V
R>
ANV
R,

Céu 7: Cho mach dién Op-Amp ly tuéng nhu sau, vé1 R=50kQ, Ri=10kQ , Rr=30kCQ,
+Vee=x 15V
a) Tim biéu thirc dién ap ngd ra (vo) theo dién ap vao.
b) Tinh v, khi:
vi=0,3V; vo=1V; v3=-2V

Rs
A
L Val| + o
Vi n Vo
R



