Phan 2: PIEN TU’ CO BAN

Bai 10: KHUECH PAI THUAT TOAN




1. Khai niém khuéch dai thuat toan




= Mach khuéch dai thuat toan (Operational Amplifier hay Op-Amp) c6 hé

s6 khuéch dai rat cao, chong nhiéu tét, c6 dau vao vi sai va théng
thworng cd dau ra don.

« Cac mach khuéch dai Op-Amp dwoc (’ng dung nhiéu trong cac thiét bi
ky thuat hang khéng vi tru, quan sw, y té, cdng nghiép, dién t& dan
dung, ...

= Mach khuéch dai Op-Amp c6 hai dau vao chinh 1a 2 dau vao cua mot
mach khuéch dai vi sai (tang dau ctia Op-Amp).
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Cau tao bén trong ciia mach Op-Amp thwdng gom 3 tang:

= Tang dau: khuéch dai vi sai can ban.

= Tang giira: khuéch dai trung gian, co6 thé 1a vi sai hay don cuc.

= Tang cudi: khuéch dai dém, co téng tré ra nhé va dién ap phan cuc tai

ngd ra bang 0 volt khi hai ngd vao la 0 volt.
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2. Mach khuéch dai vi sai




Khuéch dai vi sai la khuéch dai nhirng sai Iéch rat nhé cua tin hiéu vao.
Vi sai léch rat nhé nay do dé can 2 tin hiéu dau vao doi xirng nhau.

Dang cdn ban clia mach khuéch dai vi sai dwoc trinh bay nhw hinh sau:

| Mee - Mach doi x(rng theo dudong thang ding.
R Cac phan t&r twong wng gidbng nhau vé
Vl . moi dac tinh.
ol o2 _ —
R Rsz ’ RC1 Rcz’ V V
Y Q v TranS|stor Q, va Q, glong nhau thwong
1 2
Ry dwoc ché tao tren cung mo&t mau tinh thé.
B2
Re - Mach c6 2 ngd vao la v, v, va 2 ngd ra
Ve la V01 ’ V02

- C6 2 phwong phap lay tin hiéu ra: 1ay ra & ca 2 cwc C cua 2 transistor

(v_,vav_,) hodc lay ra tir mot cwe va diém GND.




Vi du 1: ta xét mach chi véi 1 ngd vao. Tin hiéu dwoc dwa vao V,, €ON ngo

VAo v, ndi dat.




- Khao sat hoat ddng clia mach khuéch dai vi sai:
Vi du 2: Kh| cho 2 tin hieu vao v, va v, cung bién do nhung nguo’c pha.




- Khéo sat hoat ddng clia mach khuéch dai vi sai:
Vi du 3: Khi cho 2 tin hiéu vao v, va v, cling bién d6 va cung pha.




Phan biét 3 triro'ng hop:
0 Khi hai tin hiéu vao cung bién d¢ va cung pha v, = v,, ta co:
v, = Ky,
v, = Ky,
Do mach la déi xrng nén ta cé V4 =V, Suy ra ngo ra vi sai bang 0.

[0 Khi tin hiéu vao co dang vi sai v, = -v, (cung bién d6 nhung nguoc pha):
khi d6 ta co v_, = K (v, - v ) khac 0, trong d6 K, la hé s6 khuéch
dai vi sai, gia tr| nay thuo’ng rat Io’n Nhw vay, mach khuech dai vi sai chi
khuéch dai dai lwong la sai sd cua 2 tin hiéu vao ma khdng khuéch dai
ttrng tin hiéu thanh phan.

0 Khi hai tin hiéu vao la bat ky, thi mach khuéch dai s& khuéch dai ca
thanh phan vi sai va khéng vi sai cua 2 tin hiéu doé.
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- Mach phan cwec (DC):  Khi mach hoan toan déi xtrng, ta co:
o Fle, =l 1e=l,=ls 1=l R = R_=R_

c1 'c2~ E’
+ = =
= 2l_= 2l

C’ E2= E’ C=

=> =
IRE IE1

Ap dung dinh luat KC 2 mach ngd ra ta duwoc:

VCC + VEE a RCIC1 N VCE1 B REIRE= 0 hoac

VCC + VEE o Rclcz a VCE2 - REIRE= 0

Suy ra:[Vee=Vee,=Veg,™ Voo ¥ Ve - Rolo - ZRE

Ngoai ra ta co: VBE1=VBE2=VBE . Ap dung dinh luat KC 2 mach ngd vao ta dwoc:

=> Rglg + Vge + 2I.R =V =0 )
Ma ta co: Vie — Vi
I, = =1,
.= 1_=Bl_ hayl_=1/B e AT
Suy ra: Rl/B + Vg + 2RI -V =0 P

E——



- Mach twong dwong xoay chiéu (AC):

Mach twong dwong xoay chiéu clia mach khuéch dai vi sai:

wCC
| 1 Re
Vol Vo2
v
1

T

Tacov—v Vo,

ibl
—

. ‘ Vi Bre$

B2

=-v,;R,,=R,=R

C

)

Nhw vay dong dlen Iuon nguo’c chleu trong 2 transistor, khong qua R nén co thé
bd qua R trong khi tinh toan AC. Ttr mach twong dwong trén ta thay dong dién qua
R, bang dong dién i, nhwng nguoc chiéu nhau, do dé ta co:

\"

ol — _ 31 ma ta co
=P,
c
Suyra: _ol Vi

Suyra: A, =-

Ngodirataco: A =

R

I

€

Vol B Vo2

2v,,

V=V,

2v,
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- Tang giira: khuéch dai trung gian, c6 thé 1a vi sai hay don cuc.

Mac nbi tiép vi sai v&i vi sai
Vee

d %RC Re Ng&ra
Ngd v
Rg

Tang 1 Tang 2

Méc vi sai nbi tiép vé’i don cuc

<, 52

Ting don cue

l

Tuy nhién d’0| vOi mach nay thi
tbng tré vao cla tang vi sai thor 2
c6 thé 1am mat can bang téng tr&
ra cla tang vi sai truwéc.

Thuwong dung tang don cwc vi: dé sk
dung, d& tao mach cong suat. Nhwng
mach don cuc sé& lam phat sinh van dé:
lam mat c&n bang tang vi sai, nén hai dién
tré R, cua tang vi sai doi khi phal co tri sb
khac nhau dé bu trir cho sw mat can bang.




- Tang cuoi: khuéch dai dém, c6 tong tré ra nhé va dién ap phan cuc tai
ngd ra bang 0 volt khi hai ngd vao & 0 volt.

- Pé duworc tong trd ra nhé thi thwong si dung mach cwe thu chung (a).

—

Ve ,W
[31'9 i, %o

Rz Rg

Rg Vo ‘—|
—VEiE
(a) (b) %

- Pé tinh téng tr& ra ta dung mach twong dwong hinh (b), trong do R la
tong trd ra clia tang (don cwc) ding trwde.




Tang cuoi: Diéu kién vé dién ap phan cuc: Vi cac tang dwoc mac truc tiép
v&i nhau nén dién ap phan cwc ngd ra cla tang cubi co thé khdéng bang 0V
khi ngd vao 0V. Bé gidi quyét nguoi ta dung mach di chuyén dién ap (Level
shifting network) gébm c6: mdt ngudn dong dién | va mét dién tré R sao cho:
E = R.I, trong d6 E 1a dién ap phan cwc ngd ra (khac 0 volt) cla tang cudi.
Tuy nhién, nhw vay tdng tr& ra sé tang thém mot tri sb 1a R. Vi vay dé thoa
man cd hai diéu kién, ngwdi ta dung mach di chuyén dién ap trwéc mét tang

cwe thu chung.

Trong do:
R va T, 1a mach di chuyén dién ap
T, la tang cwc thu chung dé cho tong tré

ra nho.

+6v

>Tl

R
v§ Te

0.7

‘@DTZ Ry Ngénfa
B
-6V

- —

Mach di chuydn dién ap




Vi du: Mot Op-Amp upc 709 cua hang Fairchild

INPUT
/ ConpensaTion T,, T,: mach vi sai can ban ngé vao.
INFUT
FREQUENCY . " A ~ N ’
Sl T, nguon dong dien cho T, va T,. Bién ap
phan cuwc tai cwc nén cua T3 dwoc xac
dinh b&i cau phan ap gom T, (mac thanh
(+) INPUT ouTPUT 6

COMPENSATION | diode), dién tré 480Q va 2.4kQ.

rev T, T, khong phai 1a vi sai vi 2 chan E ndi
=% =% | mass. T, c6 nhiém vu on dinh dién ap tai

@ C !
%k = —&) diém A cho T, va T,. T, la tAng don cuc
T Sl chuyén tiép gitra vi sai va tang cudi.
Q@_ =%
N

= AT T y _@ T_: mach cuc thu chung dau tién
Ts
v A v T,: mach di chuyén dién ap voi dién tré
+ Lo L. 34k
z, & T,: mach cyc thu chung ciing 1 tang cudi
I ‘ dé dat dwoc tong tréd ra nho.

2.4k

43002




4. Mach khuéch dai thuat toan can ban




4. Mach khuéch dai thuat toan can ban

a) Cac dac tinh cua mot Op-Amp ly twéng:

Op-Amps ly twong Op-Amp thuec té
Do lo1 vo cung 16n Do lo1 100.000 — 200.000
Tong tré vao — o Tong tré vao 10° —>10°Q
Tong tro ngdra =0 Tong tré ngd ra nhé
Bang thong — o Bang thong hiru han
Dong vao tinh = 0 Dong vao tinh nho
Dong vao lech =0 Dong vao léch 20 — 30nA
Dién ap léch Vogge=0 Dién ap léch: 2 —» 10mV
Slew Rate: SR — = Slew Rate: 0.7 — 100mV/ms

(*) Trén thuc té cé nhitng Op-Amps duoc ché tao v&i muc dich chuyén dung (trong
ky thuat hang khong v tru, quan sy, y té, cong nghiép ... ), cac dac tinh cua né rat
gan voi dac tinh cua Op-Amps ly twong.

-~ Trang 19



4 Mach khuéch dai thuat @

b) Ky hiéu va mach twong dwong cua Op-Amp:

+Vee +Vee

Vin+
——

ngb vao v,
khéng dao

KD trung
gian

ngod vao
-Vce déo
Vo h
............................ EVee

: : Bao hoa duong
Viing khuéch daii | f!

>
IVip=Vin+ - Vin-

Bao hoa am
-Vee

(c) Bac tinh chuyén dién ap ctia Op-Amp



4. Mach khuéch dai thuat

ﬁc) Tinh toan doi véi Op-Amp ly twéng can Iwu y mot so quy tac sau:

1. Do loi A (hé sO khuéch dai) vo cung I&n nén dién ap ngd vao V., . va V. cla
Op-Amp la bang nhau.
V, = A(V

A"

[0)

V. —V.

m+ m-—

_Vin—):> A: _>OO:>Vin+_Vin—:O<:>Vin+:V'

in+ in—
2. Téng tr&d vao ctia Op-Amp bang vd cung nén khéng cd dong dién chay vao
hoac ra & ngd vao + va - cua Op-Amp.

Z = suyra 1,=1=0

3. Tdng tré ra cla Op-Amp bang khéng nén dién ap ngd ra khéng phu thudc vao
dong dién ra.

ZOut =0=> v_khong phu thudc vao dong dién io

4. Trong mach khuéch dai thuat toan ly twéng, khi ca hai ngd vao co dién ap bang
khéng thi dién ap ngd ra bang khéng. Nhwng trong thwe té, khi ca hai ngd vao co
dién ap bang khéng thi dién ap ngd ra khac khéng (dién ap offset ngd ra). Nguyén
nhan 1a do c6 sy bat ddi xtirng & ngd vao lam cho dién ap vao khac khéng (dién ap
offset ngd vao). Do d6 can phai cd6 mach diéu chinh dién ap ngd vao sao cho khi
do dién ap ngd ra bang khong.

S yeang 21



Vi du: Cho mach khuéch dai thuat toan sau, tim biéu thirc v, theo V. ?




d) Mach khuéch dai dao

'\I/\{/f Tin hiéu v, dwa vao & ngd vao (-) va ngd vao (+) noi
A dat. Tin hiéu v, cd thé xoay chiéu hodc mét chiéu.
1
A , .
MR.', Vb - Tacov =v._ vav, =v,
Vo 4 > _ by . s ~n 7
Va| + Op-Amp ly twong (v. .=v. _va i, =i =0) nén ta co:
/7£ v.=v,_=0 (do v_noi dat).
a b a
.. v,
Taco: L, =1 | _Rf
~ . VN V4 > VO Rf Rf
Suy ra do loi dién ap ctia mach: A, =—>= R S|V, = —Evi
A \' . .
Nhan xet. ' ' :

- Khi R, =R thita co v, =-v. hay v_vav. Iéch pha 180° nén con dwgc goi la mach
khuech dai dao va ngo vao ( ) dwo’c goi 13 ngd vao dao.

- R, dong vai trd mach hoi tiép am. R: cang Ion (hoi tiép am cang nhd) dd khuéch dai
cua mach cang lon.

- Khi R va R 1a dién tr& thuan thi Op-Amp c6 tinh khuéch dai ca dién ap mot chiéil




Vi du: Cho mach khuéch dai thuat toan sau, tim biéu thirc v_theo v, ?

Ly i yay =y
in+ b n-

Op-Amp ly tuong: \\/]1 =v. va1,=1=0




4. Mach khuéch dai thuat @
i =

e) Mach khuéch dai khéng dao

Rs Tacov,=v _, vav, =v. Op-Amp ly twong
/V\( (v.. =v.vai, =i =0),néntaco:v_=v, =v.vai =
Min+ o Cin- + - g a_ b [ f
R; <—lf— ! Ta co dong qua Rf va Ri dwoc xac dinh nhw sau:
! ii:\A’. Vb|
- V. —V,_ . V. —V \Y
V,.EJ' Vo 1,=— b;1i——b VoI 1 1. > —2° b _—_b
c R, R, Rf Ri
Ma ta co v, =v, suy ra: VooV, v v.-v. R, v, R, v, R,
Rf Rl Vl Ri Vi Rl Vl Rl
\% R R
SA =—=l+—Lo|v, =|1+—L|v,
Vi 1 1

Nhan xét:

- Khi R, R, la dién tr& thuan thi ngd ra Vv, s€ co cung pha vOi ngo vao v, (nén mach dwoc goi la
mach khuech dai khéng dao va ngd vao ( + ) dwoc goi la ngd vao khong dao).

- R; ddng vai tro hoi tiép am. Dé tang dd khuéch dai A, taco thé tang R hoac giam R..

- Mach khuéch dai ca tin hiéu mot chiéu khi Rf va R Ia dién tré thuan. Mach clng gil’ nguyén
tinh chat khéng dao va co cung coéng thirc voi truo’ng hop cla tin hiéu xoay chiéu.

o g




e) Mach khuéch dai khéng dao (tt)

Nhan xét: ta co dién ap ngd ra cla mach khuéch dai khéng dao:

vV, = (1 + &jvi
Ri

- Khi R=0, ta co: A =1 = v_=v. hoac R=~ ta cling c6 A =1 va v_=v.. Luc nay mach
- dwoc goi la mach theo dién ap (voltage follower) thwdng dwoc dung lam mach dém

(buffer) vi cé tbng tr& vao I&n va tbng tré ra nhé nhw mach cwe thu chung & BJT.

Al
0 .
L

Vo= Vj

Vo= Vj *

N
N
T+ I

\/ =
I

|

&

I

<




5. 'ng dung ctia Op-Amp




Op-Amp Iy tréng nén ta co: va= vo= 0 (hay v, ndi dat)

Ttr mach trén ta c6 cac dong dién chay qua cac dién tré nhw sau:

. Vi . V; . A\
1, =11 1, = 12 S = Rf

'R B B 11 Ry %
Vil.—» .
Suy ra: is=i1+ iz + ...+ in= —iL 4 2 = - /W 1 :
FEEE— T BT T R 12 Is If
Rl R2 Rn Vi2 —’ _’
Mataco: if =-1s ; Vo=Relr=-Res - R2 Vb ==
Va| + Yo

Suy ra. VD — _Rf E.F Viz £ R 3 Vin Vin :
R, R, B. =
1n

Hay: v, =3 kv,

Trong do: k, :—&;k2 = —&;...;k =——
R
i}

Xet treong hop déc biét: R=R;= R»=...=R, thi ta co:
J— Ghi chd: Tin hiéu ngd ra bang tbng cac tin hiéu ngd vao nhung
V ——Z_ Yix , . v gen , X < , X ga N N o
o H o ngwoc pha, voi v, la dién ap bat ky cé thé la mét chiéu hoac xoay

chiéu. i




¢vr—
R; If
/7
Vil Vo
Vi2
Vin V&i R1 = R2 = R3 =.. = Rn

n

v - 1+& (vﬂ+vi2+...+vm)




.l.l_"‘lllkn
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1. Mach lam toan — c) Mach trir bang phwong phap doi dau: dé trir mot
sO, ta cdng vai sO doi cua so do.

R,
W

Rf
V2 % R, M
bt
o \ Vo
Vit ,&1 ﬂr/

Xet tﬁng dau tien, day la mach khuéch da1 dao nén ta co: vo1 = -vi2

Xeét tﬁng thir 2, day 1a mach cong dao, thuc hién cong 2 tin hiéu vao 1a vii va -vip, ta co:

v.=-R, Vi1+(_vi2) - R, Va Vi
R R R, R,

1 2

Truong hop dac biét néu R=R;=R,, thi ta duoc:
Vo= — (Vi1 — Vi2) = Viz - Vi1

Nhu vay ta thay tin hi€u ¢ ngd ra la hiéu cua hai tin hiéu ngd vao.

ﬁ




ach lam toan — ach trtr bang mach vi sai:

- Khi v;;=0 (v, = 0), vi2 # 0, mach s€ tré thanh mach khuéch dai ddo nén ta co:

_ R,
¥in = _Eviz

1

- -Khi vi1 # 0, vip= 0, mach sé tré thanh mach khuéch dai1 khong dao nén ta co:

B Ry
Vo :(1+f]vl M{

i v Rl
\ A N R 2 /V\/ ~
Ma ta cO cau phan ap tai (va): v_ = L v, Vb
R+ R,
;i Vil Va|+ Vo
Thay va vao vo ta duge:
R, ) R, R +R, ) R, R, Ri
V=]t Vg = Vi = = Wy
R; A R: +R, B B+ By R, Rs
- Khi co ca 2 tin hiéu vao vi; va vi; nén ta co tin hiéu ra:
Rf Rf
Vo:Vol+v02: R Vil_R- i2

i 1

R
SV :Ef(vil —Viz)

o

1

Truong hop dic biét néu R=R; | suy ra: vo= (Vi1 — Vi2).

Nhuw vay ta thay rang tin hi€u ¢ ngd ra l1a hiéu cia hai tin hiéu ngé vao.




1. Mach lam toan — e) Mach tich phan

Op-Amp Iy tuéng nén ta co: va=vu= 0 (hay v, noi dat) C
| |
Ta co dong dién di qua tu dwoc tinh béi cong thire: o LD
; »
Vi
i.=C dv, M’, Vb -
dt Ij Val + Vo
Mataco:1;=-1¢ /J;
=%, =-—IC dv., < dv, = —liidt E3 ¥, = —lj.iidt
dt L L.

“ o B V. .
Mac khac: 1, = E thay vao v, ta duoec:
1

v, =———|vdt
B

- e




1. Mach lam toan — f) Mach vi phan

Op-Amp IV twong nén ta co: va= vy = 0 (hay vy n6i dat)
Ta co dong dién di qua tu duge tinh bo1 cong thire:

. dv.
1. =C—
dt C
ol
i r . 4 . dV ﬁ
Mataco:1y=-1c <= 1, =—C— ic

dt

- A x g oB ¢ 5
Mic khac: 1, = R" thay vao biéu thue trén ta duoc:

. d
% e O e =
R, dt dt

i

R e



Vi du 1: Cho mach dién nhw hinh sau.
a) Hay tim biéu thrc dién ap ngd ra (v,) theo dién ap vao (v, v,)
b) Néu chon gia tri R, =R, va R,= R, hady suy ra v, va cho biét chirc nang

| clia mach nay?




Vi du 1 (tt): R R
e s
Vie ‘vl\z/l\, . [v_..+ Ve
i Vie— AR},
Khi v,=0, v #0 mach R, R, Khi ¢6 ca 2 tin hi€u v #0 va v,#0 thi ta co:
tré thanh mach khuéch — 8, . &
dai khong dao: st Vo =Va T Vo
! S R, R R
vl B Va \ % =2V = l+ . l + L v2
R ol > R, AR, +R, R, +R,
Vo = l+i-L Va §R2 _L
R R = Néu chon R, =R, = R, ta ¢é:
o f 2
T HR: (Rl"'Rz)v' = =(1+ll§t)("l 7 )
Khi v, =0, v #0 mach tr¢ thanh: - ' 2 2
R, R, Va néu R, =R, ta cé:
,2—(1+§LJV. £ v0=(vl +V2)I
: G v, R, = >—‘_;02
’ => Mach céng khéng dao
( R‘ ] ( Rl ) gRl __L . . g g
+ v,
g, 1 2
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2. Mach so sanh — a) Dién ap ngé ra bao hoa

Taco: v, =A(v,-Vv,) = AE, = \+VCC
VOIiE, =V, -V, IE" & > Yo
E, & dién ap khac nhau gitra 2 ngd vao: 4! +/
E, = (dién &p ngd vao +) — (dién ap ngd vao -) Ve §RL
Do mach khong co hoi tiep am nén: v_ = ALE, <+

Trong do A la do loi vong hé cia Op-Amp, Vi A rat I&n nén theo cong thirc
trén v_rat lon.

Khi E, nho, v, duoc xac dinh. Khi E, vuot qua mot tri s6 nao do thi v, dat
dén tri s6 bao hoa va duoc goi la V. Tri s6 cla E, tiy thudc vao moi
Op-Amp va co tri s6 vao khoang vai chuc pV. v

_ Sat
+Edmax - Aa

- Khi E am, v.<v, mach dao pha nénv _=-V__ . V.

- Khi E dwong, tic v,>v, thiv =+V__ dmax = 0

ﬁ




ién ap ngo ra bao hoa

Pac tinh chuyén dién ap cta Op-Amp

+Vee
| Bao hoa duong

/WVua=Vint - Vin

- Dién ap ngo ra bao hoa
(+VSat’

hon dién ap ngudn (V)

-Vg,,) thwdng nhé

ttr 1 volt dén 2 volt.

- Dién ap [+V | co thé

khac |-V,




0 So sanh murc zero khéng dao:

A () n=-Ampn
1

2. Mach so sanh — b) Mach so sanh mtrc 0 (tach mirc zero)

= Dién ap & ngd vao (-) dwoc dung lam dién ap chuan va E. la dién ap

mudn dem so sanh v&i dién ap chuan dwoc dwa vao ngd Vao (+).
= KhiE >V _=0vthiv =+V__
= KhiE <V _=0vthiv =-V__
Vi du: khi E; c6 dang tam giac thi dang song ¢

ngo ra v_co dang nhw hinh sau:

A
Vo
+vSat >
L >
E;
—_— 'VSat

Vier= 0 N

+Vce

il

N

E; 7

Vo ==
A
+v$at [
®
0 N, c
'vSat




2. Mach so sanh — b) Mach so sanh mtrc 0 (tach mirc zero)

0 So sanh mirc zero dao: +Vee

bién ap chuan V _=0v dat & ngd vao (+). ki =

bién ap so sanh E. dwa vao ngd vao (-).
KhiE. >V _~0vthiv =-V__

= Khi E V =0v thi V.= VS -Vce

Vi du: kh| E co dang tam giac th| dang séng & =

Vref =0 +

ngo ra v_co6 dang nhw hinh sau:

A Vo 4

+Vsat /




2. Mach so sanh — ¢) Mach so sanh vé&i 2 ngd vao cé dién ap bat ky

0 So sanh mirc dwong khéng dao: +Vee

- Dién ap chuan V_, >0v dat & ngd vao (-). v
= Dién ap so sanh E. dwa vao ngd vao (+).
= KhiE >V __ thiv =+V
[ ref o] Sat
= KhiE <V . thiv =V -
[ ef o] Sat
Vi du:

+




2. Mach so sanh — ¢) Mach so sanh vé&i 2 ngd vao cé dién ap bat ky

0 So sanh mirc dwong dao:
Ei

+Vcce

- Dién ap chuan V. >0v dat & ngd vao (+).
= Dién ap so sanh E. dwa vao ngd vao (-).
= KhiE >V . thiv =-V__ Vet
= KhiE <V . thiv =+V

[ ef o] Sat

m|n

Vi du: ks

AN

Vo

Re




2. Mach so sanh — ¢) Mach so sanh vé&i 2 ngd vao cé dién ap bat ky

0 So sanh mirc am khéng dao: +Vee
- Dién dp chuan V_, < Ov dat & ngd vao (-). g i} Vo
- = Dién &p so sanh E duwa vao ngd vao (+). =T+ E |4 o
- KhiE >V_ thiv=+V__ L Ve 3R
= KhiE <V __thiv =V
i ref 0 Sat

Vi du: =




2. Mach so sanh — ¢) Mach so sanh vé&i 2 ngd vao cé dién ap bat ky

0 Sosanh mirc am dao:
E;

+Vce

- Dién dp chuan V_, < Ov dat & ngd vao (+).
= Dién ap so sanh E. dwa vao ngd vao (-).

- KhiE >V _thiv=V_ !

- KhiE <V _thiv=+V_

Vi du: -




6. Khao sat mét s6 IC Op-Amp




IC Op-Amp LM741 gém c6 8 chan, trong d6 can lwu y cac chan chrc ndng nhw sau:

- Chan 2 (inverting input): Ngb vao dao

- Chan 3 (non-inverting input): Ngd vao khéng dao

- Chan 6 (ouput): Ngo ra

- Chan 4 (-V hay -Vcc): Nguén am cap cho Op-Amp (-5V dén -15V)

- Chan 7 (+V hay +Vcc): Nguén dwong cap cho Op-Amp (+5V dén +15V)
- Chan 1 va 5 (offset null): bu offset

- Chan 8 (not connected): khéng két ndi

ﬁ




Vi du 1: Si dung Op-Amp LM741 thiét k& mach thwec hién chirc ndng so sanh dién

ap vao (V) tir chiét ap (hay bién tr& 10K) voi dién ap nguwéng (V= 2,5V). Neu V,_

Ion hon hodc bang V__ thi LED sang, ngwoc lai thi tat LED.

S dung mach Op-Amp so sanh mirc dwong khéng dao. Dién ap ngudn 5V.

RV1

59%
l—rl

10k

A
+vSat

Vo

D1

LED-RED




a) IC Op-Amp LM741 (tt) -
Vi du 2: Thiét k& mach canh bao nhiét dd s dung IC Op-Amp LM741 va cam bién
nhiét d LM35. Néu nhiét d6 I&n hon hodc bang 70°C thi LED canh bao nhiét do

sang, ngwoec lai thi LED canh bao nhiét d6 tat.
- Op-Amp LM741: cip ngudn Vcc=12V

- LED: dién ap 2V, dong dién 10mA.

- Cam bién nhiét d& LM35 1a mdt loai cdm bién twong tw (analog), c6 dién ap dau ra
tuyén tinh theo nhiét do. LM35 thwdng dwoc &ng dung trong viéc do nhiét d& moi
trwong thoi gian thwe. LM35 ¢cé cac thdng s6 ky thuat nhw sau:

+ Dién ap hoat déong: 4 - 20VDC

+ Cong suat tiéu thu: khoang 60uA

+ Khoang nhiét do do: -55°C dén 150°C

+ Dién ap tuyén tinh theo nhiét dd: 10mV/°C

+ Sai sb: 0,25°C




Vi du 2 (tt):
- Thiét ké mach: st dung Op-Amp LM741 thiét k& mach thwc hién ch&c nang so

sanh mirc dwong khéng dao.

+Vce

Vref

+

Ro

-Vce
=

Trong d6:  +Dién ap ngwéng V.= 0,7V (twong trig 70°C) dat & ngd vao (-)
Gia Op-Amp LM741. St dung bién tr& dé diéu chinh dat dén dién ap nguong V. +
Dién ap so sanh E (lay tir ngd ra clia cdm bién LM35) dwoc duwa vao ngd vao (+)
>Ua Op-Amp LM741.

Ghi chd: Vi dién ap ra cla LM35 tuyén tinh theo nhiét do: 1°C twong rng ngd

a 10mV, nhuw vay 70°C twong ing ngd ra 700mV (hay 0,7V).

—-— R e




a) IC Op-Amp LM741 (tt)
Vi du 2 (tt):

Vref Vo 3
] Bi

+

J*

D1
LED-RED

Mach so sanh mirc dwong khéng dao
KhiE >V _ thiv=+V__ =+Vcc; khiE <V __ thiv=-V_ =-Vcc

- Tinh toan gia tri dién tro R1: Tai & ngd ra st dung LED (c6 dién ap 2V, dong
dién 10mA) va dién tré han dong R1.

+ Xét trvong hop khi E. >V thiv =+V__ =+Vcc =+12V.

Matacé:v =V, +V =12V, trongdoV =2V =>V_ =10V

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

ﬁ




b) IC Op-Amp TL062

1 - Qutput 1

2 - Inverting input 1

3 - Non-inverting input 1
4-Vee

5 - Non-inverting input 2
6 - Inverting input 2

7 - Output 2

8-Vee©

5- Non-inverting input 2

Output 4

Inverting Input 4
Non-inverting Input 4
Voc

Non-inverting Input 3

Inverting Input 3

1 - Output 1
2 - Inverting input 1 6 - Inverting input 2
3 - Non-inverting input 1 7 - Ouput 2
4 -Veeo 8- Ve
N/
output 1 1 [ ] 14
Inverting Input 1 2 E:l>‘ \_@j 13
Non-inverting Input 1 3 I: :I 12
Vee* 4 [ ] 11
Non-inverting Input 2 5 [ 1 10
Inverting Input2 6 |: :I 9
output2 7 [ ] s

Output 3
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