CHUONG 5: KHUECH PAI THUAT TOAN OPAMP
(OPERATIONAL AMPLIFIER)

5.1. Khai niém:

Mach khuéch dai thuat toan la mach duoc ché tao dudi dang tich hgp cé hé so
khuéch dai 16n dung dé xir Iy cac tin hiéu tuong tu hodc xung. Mach thuc hién céc phép
tinh co ban: cong, trlr, tich phan vi phan, 1ay logarit, hoac thuc hién cac chitc nang nhu
tao dao dong hinh sin, én 4p, 6n dong, so sanh.

e Ky hiéu
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Hinh 5.1. Ky hiéu cia OPAMP

OPAMP thuong dugc cap nguon doi xing, c6 2 ngd vao: v;: ngd vao dao, v;": ngod
vao khong dao. vaco 1 ngérav,

Trang théi ngd ra v, khong c6 mach hdi ti€p vé ngd vao goi la trang thai vong ho.
Hé s6 khuéch dai dién ap lic d6 goi 1a hé s6 khuéch dai vong hd cia OPAMP, ky hiéu
A,. Lic dé vy = A, (v~ v)).

e Cac thong so ky thuat: Dién tré ngé vao r; rit 16n, dién trd ngd ra rat nho, hé
s0 khuéch dai dién ap A rat 16n.

5.2 Pac tinh truyén dat:

Ta ¢6 dic tinh truyén dat vong hé v =f(v;*- v;)=f(v,)
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Hinh 5. 2. Ddc tinh truyén dat vong hd ciua OPAMP



Pac tuyén c6 ba ving lam viéc:

e Vung khuéch dai v,=A,v,
e Ving bao hoa duong v,=V_,
e Vung bao hoa am vy=-V

+V, la cac mitic ngudng cta dién ap vao, giGi han pham vi ma quan hé ngo ra va
ngo vao con la tuyén tinh. Cic OPAMP thuong c¢6 V ¢ khoang tir vai chuc pV dén
vai tram pV

Trong thuc t€, nguoi ta rat it st dung OPAMP & trang thai vong hd vi A  rat 16n
nhung tdm dién 4p vao bi giGi han qua bé( trong khoang +Vy). Chi can troi nhiét,
hoiac ngudn khong 6n dinh, hodc nhiéu bién do rat bé ciling du tao dugc v 4 vuot ra
ngoai tam +V lam ngd ra bao hoa duong hoac bao hoa am. Mach khuéch dai vong
hé thuong st dung trong ché do xung. Trong ché€ do khuéch dai tuyén tinh, nguoi ta
phai diing héi ti€p am dé tao su lam viéc 6n dinh clia bo khuéch dai.

5.3. Mot s6 ing dung cuia OPAMP:

Trong thuc t€, trang thai vong hd chi thuong dugc st dung trong ché do
xung. & ché do khuéch dai tuyén tinh, nguoi ta phai diing héi ti€p am dé tao su 1am
viéc 6n dinh cho bo khuéch dai, dong thoi md rong ving lam viéc cua tin hiéu vao.
Trang thai nhu vay goi la trang thai vong kin.
Gia sit OPAMP la 1y tudng c6 r;=00 nén dong chay vao OPAMP la i ,=0 va A =0
nén v;*- v;=vy/A,=0nén v;’=v;.

5.3.1. Mach khuéch dai dao:

Mach khuéch dai dao c6 ngo vao khong dao noi dat, tin hiéu vao v ; dua vao ngod
vao dao thong qua dién tré R . Dién tr& R; dua dién ap ngd ra v, trd lai ngd vao dao.
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Hinh 5.3. Mach khuéch dai ddo ding OPAMP



Ta c6é v;*= 0 nén ngudi ta goi diém N la diém dat gia.

Ta co

V. =V, +VO -V, =0<:>V_0=_V_f

R, R Vi R

Dau trir biéu thi dién 4p ra ngugc pha so véi dién 4p vao.
Khi R,=R; thi V,= - V,, ta ¢c6 mach lap lai dién ap dao.

5.3.2. Mach khuéch dai khong dao:

Mach khuéch dai khong dao c6 tin hiéu dua vao truc ti€p vao ngd vao khong
dao, con ngd vao dao dugc noi dat thong qua R
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Hinh 5.4. Mach khuéch dai khéong ddo ding OPAMP
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Khi R, =, R;= 0 thi V,=V,, ta ¢c6 mach lap dién ap khong dao.

5.3.3. Mach cong dao:
Mach cong dao gom cac nguodn tin hiéu duoc dua dén dong thoi ngd va o dao.

Xét mach gom c6 hai nguon dién ap v, v, nhu hinh vé.
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Hinh 5..5. Mach cong dao ding OPAMP
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Cong thiic trén c¢6 thé mé rong dén n ngd vao tuy y.
5.3.4. Mach tru:

Mach trir gom cdc nguén tin hiéu duoc dua dén don g thoi vao ngd vao dao va
ngo vao khong dao
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Hinh 5..6. Mach tric dung OPAMP

Ap dung nguyén 1y x&p chéng ta c6 V ;=V,+V, trong dé V,, 1a dién 4p ngd ra
khi chi c6 nguén tin hiéu vao la V,, V,=0. Lic d6 mach tré thanh mach khuéch dai
khong dao. Vi vay ta c6

R Ri. V,R
Vo =1+ _f)VP =(1+ _f)#
R R’'R,+R,

Tuong tu , ta ¢c6 V, la dién ap ngd ra khi chi ¢6 nguon tin hiéu vao 1a V ,, V,=0.
Lic d6 mach tré thanh mach khuéch dai dao.

Vi vay ta co
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R, VR R,
Vaytacd V=V, +Vp=(1+—) ——2———V
1y 0=Vort Vo= ( R)R2+R3 R 2

5.3.5. Mach cong khong dao:
Mach cong khong dao gom cdc nguon tin hiéu duoc dua dén dong thoi ngd vao
khong dao.
Xét mach gobm hai nguon dién ap v ,, v, dua dén ngd vao khong dao nhu hinh vé.
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Hinh 5.7. Mach cong ddo duing OPAMP

Ap dung nguyén 1y xép chéng ta cé V =V,,+V,, trong d6 V,, 1a dién 4p ngd ra
khi chi c6 nguén tin hiéu vao la V,, V,=0. Lic d6 mach tré thanh mach khuéch dai
khong dao. Vi vay ta co

R R
Vi = (LN, = (1) 2
R R"R+R,

Tuong tu , ta cé V, 1a dién 4p ngd ra khi chi ¢6 nguodn tin hiéu vao 1a V,, V,= 0.

Lic d6 mach trd thanh mach khuéch dai khong dao. Vi vay ta c6

R R Vv
Vo =1+ —)WV, = (1+—) 2R
R R'R,+R
R V.R R V
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Mach ¢6 thé gém c6 n ngudn tin hiéu vao.
5.3.6. Mach vi phan:
Mach vi phan gém c¢6 nguén dién dp v; duoc dat vao ngd vao dao thong qua tu C
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Hinh 5.8. Mach vi phan dung OPAMP



d .
Ta cé C V"+V—°=0@_=_c|:\>f_I
a R, V, dt

5.3.7. Mach tich phan:
Mach vi phan gom c¢6 tu C duoc dat ngay trén duong hoi ti €p vé.
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Hinh 5.9. Mach tich phan ding OPAMP
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i+V—':O<:>v0:—i v, dt
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