MACH KHUECH DAI
4.1. Gi6i thiéu
4.1.1. céc khai ni€ém cO ban:
b0 khuéch dai thudt toan (operational amplifier - OA) 12 mach khuéch dai t6 hop c6 hé s6 khuéch
d0ai rat 18n, tré khang vao 18n va tré khang ra nhd... hi€n nay, cic b0 khuéch dai thuat todn (OA)
déng vai tro quan trong va dugc s dung rOng rdi trong ki thudt khuéch dai, tao tin hiéu sin, sung,
trong bO Gn dp va bo 1oc tich cuc ...
ky hi€u cUa OA cho trén hinh 8.1
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Hinh 8.1: Ky hiéu OA

OA khuéch dai hiéu dién thé U,=U, — Uy v0i hé s khuéch dai K.

Do d6 : U=K4Us=K4(Up-Uy)

Néu Ux=0 thi U=K,Up nén U, dbng pha v&i tin hi€u vao U,, vi vay dau vao P(positive) dugc goi la
dau vao khong ddo va ky hi€u béi dau (+).

Néu Up = 0 thi U, = - K,Up nén U, ngu0c pha vGi tin hi€u vao Uy, vi vay dau vao N(negative) dugc
20i 12 ddu vao ddo va ky hi€u bdi dau (-).

Ngoai ra OA con c6 hai chian d€ cdp nguOn ddi xUng, c4c chan b di€n 4p, bu tan s0...

Moat bd khuéch dai thudt toan 11y tudng c6 cic tinh chat sau:

Trd khéng vao Zy= «

Trd khéng ra Z,=0

Hé s0 khuéch dai Ky= o

Theo sO d0 tuong duong hinh 8.2b, OA 1y tudng s€ c6 dac diém Uy=Uy, dong dién vao OA & dau P
vadauN, I, I, O.
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Hinh 8.2: a) SO’ d6 tuong duong O; b) so d6 turong duong OA Iy tubng

Trén thuc t€ khong c6 b0 khu€ch dai thudt toan 1y tudng, thong thudng moat OA cé Zy c¢G hang trim
K tdihangM ,Z cGhang téihang vaichuc ,K,khodng vai trim t&i hang tri€u 1an.

4.1.2. hé s6 nén dong pha

néu dat vao dau vao ddo va dau vao khong da céc dién dp bang nhau nghia la:

Up=Ux=U, 0 (U, g0i la di€n dp dOng pha), theo 1y thuyét thi U, = 0, nhung thuc t€ khong nhu
vay
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VGi K¢ duge goi 1a hé s6 khu€ch dai ddng pha. Néu OA 1y tudng thi K. = 0. D€ ddnh gid kha ning
lam viéc cla OA thuc so vGi OA 1y tudng ngudi ta dung hé s nén ddng pha CMRR (Common Mode
Rejection Ratio)
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Gia tri CMRR cang 16n thi OA cang gan v&i OA Iy tudng, thudng CMRR = 10° = 10°
4.13 Pac tuyén truyén dat
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Hinh 8.3: Pdc tuyén truyén dat cla OA

Ddc tuyén quan trong nhat cla OA 1a ddc tuy€n truyén dat (hinh 8.3), theo dac tuy€n nay, U, chi ty
1€ v6i U, trong ddi dién 4p (Upmin — Uma) N0 d6. D@i dién 4p nay goi 1a dai bi€n ddi dién dp ra cla
OA (hay mién tuy€n tinh). Ngoai dai nay, dién 4p ra khong thay d6i va dudc xdc dinh bang cic tri sO
Utnins Urmax 201 12 dién 4dp bdo hoa, gid tri dién 4p nay khong phu thudc vao dién 4p vao va gan bang tri
s6 nguOn cung cap (di€n 4p bao hoa nay thuOng thap hon tri s6 nguldn tUr 1V dé€n 3V gia tri).

4.14 Dong vao tinh, di€n 4p vao 1éch khong

Dong vao tinh 1a tri s trung binh cUa dong vao dau vao ddo va dau vao khong ddo

It % Véi U, = Uy

Dong vao 1€ch khdng 12 hi€u dong vao tinh & hai dau vao

I, ITo Io

thong thudng 1, 0.1/,

Dong viao 1&ch khong phu thudc vao nhiét dd, do d6 khi nhiét dd thay d6i tri s& dong vao 1&ch khong
cting khong thay d6i theo.

Trong OA thuc, khi U, U, O thi U, van khic khong. Lic nay dién dp ra do dién 4p 1éch khong &
dau vao giy nén. Vay dién 4p 1&ch khong U, 1a hiéu dién 4p can phai dat gilta hai dau vao OA dé
cho U, =0.
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Dién 4p 1&ch khong U, s& b tdi ddu ra mOt dién 4p Uy
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Hinh 8.4: Pién dp 1éch khong
Theo hinh 8.4 ta ¢ thé tinh dugc:
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Hinh 8.5: Bé khuéch dai do
B& khuéch dai ddo cho trén hinh 8.5. c6 thuc hién hoi ti€p 4m song song di€n 4p qua R,z N€u coi
OA 1y tudng, dong vao OA, I, =0

Tai nit N ta cé:
Il Iht
u, U, U, U,
Rl ha
Ta da biét, v&i OA 1y tudng Uy =0 nén Uy=Upma Up=0nén Uxy=0
Do dé:
U, U,
Rl th
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Hé s0 khuéch dai dién é4p: K,
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Dau (-) thé€ hién tin hiéu ra ngugc pha v4i tin hiéu vao.
Néu Ry, = R, thi K, = -1, s0 d0 hinh 8.5 c6 tinh chat 1dp 1ai ddo tin hiéu.
Néu R, = 0, tU phuong trinh I, = I, ta c6

U Ve A 2 A 7, « A o 2.
I, R_r hay U, IR, , tUc la di€én dp ra ty 1€ vGi dong di€n vao. Day chinh 1a mach bién déi
ht

dong thanh 4p.
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Trong truGng hgp yéu cau hé sO khu€ch dai 16n thi phdi chon R, nhd, nén trd khang vao Z, = R,
nh0. Khac phuc di€u nay bang so d0 khuéch dai ddo hinh 8.6
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Hinh 8.6: Khuéch dai ddo cé tro khdng vao 1én
Bang céch tinh tUOng ty nhU trén ta co:
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Mat khéc: U, > —U, (cong thifc phan 4p)
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Vivay: U, o == U,
ivay R ( R3)

Tri sO hé sO khuéch dai:
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Né€u ta chon R, = R,, thi K, chi phu thuOc vio ty sO Ru/Rs, c6 thé ting ty sO nay tiy ¥ ma khong anh
huéng dén trd khiang vao cla mach.

Vi dy 4.1: Cho bd khuéch dai nhur hinh 4.5, v6i R1 = 100K, Rth = 500K . Tinh dién 4p du ra khi
dién 4p vao la 2V
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4.2.2. Mach khuéch dai khong ddo

B0 khuéch dai khong ddo c6 mach hoi ti€p am dién dp dat vao dau vao ddo, con tin hi€u dat vao
dau vao khong ddo, nhu so d6 hinh 8.7
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Hinh 8.7: BO khuéch dai khong dao

Vi Uy = Up. Trong trOng hgp nay Up = Uy nén Uy = Uy,
Mat khéc ta co:
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khi R , R, 0 thiKu=1,s0dd hinh8.7 trd thanh bd 13p 1ai dién 4p.
Vi du 4.2: Cho mach khuéch dai khong ddo nhu hinh 8.7 véi R1 =100K , Rht = 500K , Uv = 2V.
Tinh dién 4p ra

d
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Dién 4p ra dugc tinh theo cong thic:
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4.2.3 Mach cOng

Mach cOng ddo:
S0 d6 mach cOng ddo nhu hinh 8.8
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Hinh 8.8: Mach cOng ddo
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Mach cOng khong ddo
SO d6 mach khuéch dai khong ddo nhu hinh 8.9.
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Hinh 8.9: Mach cOng khong dao
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Vi du 4.3: Cho mach di€én nhu hinh 4.10, Rht = I0M  biét:

a) U =1V;U,=2V;U;=3V;R;=500K ;R,=1M ;R;=1M

b) Ul =-2V;U2=3V;U3=1V;R;=200K ;R,=500K ;R;=1M
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Hinh 8.10
Tinh Ur trong hai truOng hgp d6
Giadi:
DAy la mach cOng ddo nén ta c6:
R R R 1 1 1
wu  Reg Rug Rep o 1000, 10001000,
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Mach trir

SO d6 mach trlr dugc cho trén hinh 8.11
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Hinh 8.11: So'd6 mach trur

Tai nat N:
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Khi muOn trUr nhi€u thanh phan dién 4p ngUdi ta st dung mach trl nhi€u thanh phan nhu hinh 8.12.
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Hinh 8.12: Mach trtr nhiéu thanh phan
DE tinh todn dién 4p ra, ta xét dong dién tai nit N va P.
Tai nat N:
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Mach tich phan

Mach tich phan 12 m&t mach bOn cUc, trong d6 tin hi€u ra ty 1& v§i tich phan tin hiéu dau vio.
U k Udr

0
NgUdi ta c6 thé ding OA d€ tinh mach tich phan nhu hinh 8.13
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Hinh 8.13: Mach tich phin

That vay:
Tai nat N:
i1,
l' Uv UN
" R
dUu dlU U
l'C C C C ( N r)
dt dt
Thay i, =i va Uy =0 ta dugc:
U d
Vv C Ur
R dt
1 t

U — Udt U
RC,
Uy 1a dién dp trén tu C tai thoi di€m t= 0, théng thuOng Uy, = 0, khi t = 0. Vi vay:
Ur L U, dt 1 U, dt
RC 0
VGi  RC dudc goi la hang s6 tich phan.
Khi mudn cOng hodc trlr cic tich phan, ngudi ta ding mach tich phan tGng va tich phan hi€u nhu hinh
8.14 va 8.15
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Hinh 8.15: Mach tich phéan hiéu

Bang céch tinh tuong tu nhu mach cOng, mach trlr va mach tich phén ta c6 thé tinh dugc:

VGi mach tich phan tOng:

, ‘U U, U
R, R, Rn

0
V&i mach tich phan hiéu:
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Mach vi phan
Mach vi phan 13 m6t mang bon cuc, trong dé tin hi€u ra ty 1€ v&i vi phan tin hi€u dau vao.
d
v kY
dt

SO d6 mach vi phan diing OA dugc cho trén hinh 8.16
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Hinh 8.16: Mach vi phdn
Tinh tuong ty mach tich phan ta c6:
v pedle U,
dt dt
VGi  RC dugc goi la hang sO vi phan.
Khi tin hiu vio 1a hinh sin, mach vi phan lam viéc nhu' mOt bd 10c tan cao, hé sO khuéch dai clia né
ty 1& thudn véi tan sO tin hi€u vao va lam quay pha tin hi€u vao mét géc 90°. ThuGng mach vi phan
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lam viec kém On dinh G tan cao vi khi d6 Z. e 0, lam hé sO hOi tiép am giam.



