CHUONG5: OP-AMP

Gidi thiéu
Trong chwong ndy gi6i thiéu khai niém, cic thanh phan co ban ctia OP - AMP,

cong dung cua OP — AMP.
Muc tiéu:

- Sau khi hoc xong bai nay Sinh vién phai:

- Sinh vién doc dugc cac thong sé ghi trén OP — AMP.

- Trinh bay dugc cau tao, nguyén ly 1am viéc OP — AMP.

- Hiéu, phan tich dugc cac mach dién ing dung OP — AMP trén 0t0.
Noi dung chinh:
5.1. Pdc diém, ky hiéu op-amp

Mach khuéch dai thuat toan (operational amplifier), thuong duogc goi tit 13 op-
amp la mot mach khuéch dai. Op Amp lIa mot mach dién dién tir ctia nhiéu Linh
Kién Pién Tt di dugc mic sdn trong mot con chip tam chan c6 kha ning dung dé

khuéch dai hiéu hai dién thé nhap

I

Hinh 5.1: OP-AMP Hinh 5.2: Ky hi¢u OP-AMP

e V.: Pau vao khong dao

« V.: Diau vao dao

e Vout: Dﬁu ra

e Vs+: Ngudn cung cép dién duong
« Vs—: Ngudn cung cép dién 4m

Hai ngd vao dao va khong dao cho phép Op-Amps khuéch dai dugc ngudn tin

hiéu c6 tinh d6i xung (cac nguén phat tin hiéu bién thién chdm nhu nhiét do, anh
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sang, 46 am, muc chat long, phan tng hoa-dién, dong dién sinh hoc ... thuong 13
ngudn co tinh dbi xing)

Ngb ra chi khuéch dai su sai 1éch giita hai tin hiéu ngd vao nén Op-Amps c6 do
mién nhiéu réat cao vi khi tin hiéu nhidu dén hai ngd vao cung lic s& khong thé xuét
hién & ngd ra. Ciing vi Iy do ndy Op-Amps c6 kha ning khuéch dai tin hiéu c6 tan
sb rat thép, xem nhu tin hiéu mot chiéu.

Hé s6 khuéch dai cia Op-Amps rat 16n do d6 cho phép Op-Amps khuéch dai ca
nhirng tin hi€u voi bién do chi vai chuc mico Volt.

Do cac mach khuéch dai vi sai trong Op-Amps duoc ché tao trén ciing mot phién
do d6 do 6n dinh nhiét rat cao.

Dién ap phan cuc ngd vao va ngd ra bang khong khi khong cé tin hiéu, do d6 dé
dang trong viéc chuan hoa khi lap ghép giita cac khéi (module hod).

Tong trd ngd vao ctia Op-Amps rat 1on, cho phép mach khuéch dai nhitng ngudn
tin hiéu c6 cong suit bé.

Tong trd ngd ra thap, cho phép Op-Amps cung cap dong t6t cho phu tai.

Bing thong rat rong, cho phép Op-Amps 1am viéc tét véi nhiéu dang ngudn tin
hiéu khac nhau.

5.2. Céu tao, phan loai

5.2.1. Ciu tao ciia Op-amps
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Hinh 5.3: Cau tao OP-AMP

Khdi 1: Day 1a tang khuéch dai vi sai (Differential Amplifier), nhiém vu khuéch
dai d0 sai 1éch tin hiéu gitra hai ngd vao v+ va v_. N6 hoi du cac uu diém cua mach
khuéch dai vi sai nhu: d6 mién nhiéu cao; khuéch dai duoc tin hiéu bién thién cham;
téng tré ngd vao lém ...

Khéi 2: Tang khuéch dai trung gian, bao gdm nhiéu tang khuéch dai vi sai mac
ndi tiép nhau tao nén mot mach khuéch dai c6 hé sb khuéch dai rat 16n, nham tang
d6 nhay cho Op-Amps. Trong ting nay con co tang dich mic DC dé dit mic phan
cuc DC ¢ ngo ra.

Khéi 3: Pay la tang khuéch dai dém, tan nay nham ting dong cung cép ra tai,
giam tong trd ngd ra giup Op-Amps phdi hop dé dang voi nhidu dang tai khac nhau.

Op-Amps thuc té van c6 mot sé khac biét so véi Op-Amps 1y tuong. Nhung dé
dé dang trong viéc tinh toan trén Op-Amps nguoi ta thudng tinh trén Op-Amps ly
tuong, sau d6 dung cac bién phap bo chinh (bu) giup Op-Amps thuc té tiém can voi
Op-Amps 1y tuong. Do d6 dé thuan tién cho viéc trinh bay ndi dung trong chuong
nay cé thé hiéu Op-Amps néi chung 1a Op-Amps ly tudng sau dé sé& thuc hién viéc
b6 chinh sau.

5.2.2.Phan loai

5.5.2.1. C6 nhiéu cach phan loai :

 Theo ché tao:
- Don khoi, don tinh thé
- Mang mong (thin-film)
- Mang day (thick - film)
- Mach lai (hybrid)
5.2.2.2. Theo nhiém vu:
- Modun
- Mach chure nang
5.2.2.3. Theo dang tin hi¢u va cach xu ly:
- IC tuong tu ( Analog IC)
- 1IC sé ( Digital IC)
5.2.2.4. Theo mat d¢ tich hop:
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SSI (small scale Integration): < 99 transistor
MSI(Medium scale Int. ): 100 — 999 transistor
LSI( Large scale Int.):1000 — 9999 transsistor
VLSI ( very large ---): 10.000 — 99.999 trans.
ULSI (ultra large --): 100.000 hay hon

Thi du:

AMD KB6-III gdm 21,6 triéu transistor / chip

Pentium IV gdm hang ti transistor

5.3. Nguyén ly hoat dong

=  Mach dugc cap dién bang 2 ngudn ddi xing

V+ = - \/-
Vcc+

hayV. =-V
CcC EE
autput
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input

U+ —_—l

Vot
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Hinh 5.4: So d6 OP-AMP

Hinh 5.5: Mach tuong duong
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Dua vao ky hiéu cia Op-Amps ta c6 dap tng tin hiéu ngd ra Vo theo cac
cach dua tin hi€u ngd vao nhu sau:
— Pua tin hiéu vao ngd vao dao, ngd vao khong dao ndi mass: Vour = Avo. Vs
— Pua tin hiéu vao ngd vao khong dao, ngd vao dao ndi mass: Vour = Avo.V-
— Pua tin hiéu vao dong thoi trén hai ngd vao (tin hiéu vao vi sai so véi mass):
Vout = Avo.(V+-V-) = Avo.(AVin)

Pé viéc khao sat mang tinh tong quan, xét trudng hop tin hiéu vao vi sai so
v6i mass (lac nay chi can cho mot trong hai ngd vao ndi mass ta s& c6 hai trudng

hop kia). Op-Amps c6 dic tinh truyén dat nhu hinh sau.
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Hinh 5.6: Pac tinh OP-AMP

Trén dic tinh thé hién rd 3 vung:

— Vung khuéch dai tuyén tinh: trong ving ndy dién ap ngd ra Vo ti 1& v6i tin hiéu
ngd vao theo quan h¢ tuyén tinh. Néu str dung mach khuéch dai dién ap vong ho
(Open Loop) thi ving ndy chi nam trong mot khoang rat bé.

— Vung bdo hoa duong: bat chap tin hiéu ngd vao ngd ra ludén & +Vee.

— Viing bio hoa am: bat chap tin hi¢u ngd vao ngd ra ludn & -Ve.

Trong thyuc té, nguoi ta rat it khi sit dung Op-Amps lam viéc ¢ trang thai
vong ho vi tuy hé s khuéch dai ap Avo rat 16n nhung tim dién ap ngd vao ma Op-
Amps khuéch dai tuyén tinh 1a qué bé (khoang vai chuc dén vai trim micro Volt).
Chi can mét tin hi¢u nhidu nhé hay bi tréi theo nhiét do ciing du lam dién ap ngd ra
& +Vee. Do d6 mach khuéch dai vong hé thudng chi dung trong cac mach tao xung,

dao dong. Mudn lam viéc & ché do khuéch dai tuyén tinh nguoi ta phai thyc hién
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viéc phan hdi 4am nham giam hé sé khuéch dai vong hé Avo xuéng mot mire thich
hop. Lic nay ving 1am viéc tuyén tinh cia Op-Amps s& rong ra, Op-Amps lam viéc
trong ché do nay goi 13 trang thai vong kin (Close Loop).
* Ngudn cung cap

Op-Amps khong phai ltc nao ciing doi hoi phai cung cip mot ngudn 6n ap
d6i xtmg £15VDC, n6 ¢o thé lam viéc voi mot ngudn khong ddi xtng co gid tri thap
hon (vi du nhu +12VDC va -3VDC) hay thdm chi véi mot ngudn don +12VDC.
Tuy nhién viéc thay doi vé cdu trac ngudn cung cp ciing 1am thay d6i mot s tinh
chat anh huong dén tinh ddi xting ctia ngudn nhu Op-amps sé& khong 13y dién ap

tham chiéu (reference) 13 mass ma chon nhu hinh sau:

lvout
+1 VDO ——
U fs)
0 —»
AOE vout nogudn dai

Hinh 5.7: Bic tinh ngudn 1am viéc

Mic du ngudn don c¢é wu diém 1a don gian trong viéc cung cip ngudn cho
op-amps nhung trén thyc té rat nhiéu mach op-amps duoc s dung ngudn doi doi
xung.
* Phan cuc cho op-amps lam viéc véi tin hi€u ac

Ciing nhu mach khuéch dai néi ting RC, cac op-amps dung trong khuéch dai
tin higu ac can c6 tu lién lac dé tranh anh hudng cta thanh phan dc gitta cac tang
khuéch dai. Dué6i day 13 so dd6 mot mach khuéch dai 4m tan c6 d6 loi 40dB Str dung
ngudn don.

5.4. Phan tich cac mach dién wng dung op-amp tiéu biéu trén 6td
5.4.1. Mach khuéch dai dio (ddo diu)
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Hinh 5.8: Mach khuéch dai dao
« Do tong tré vio rat 16n, nén xem dong iin=0,tacd: (i1 =i ,i2=ir, R1 =R
, R2=RF)
i=lf+ih=0 2 1= I
mat khac :
V=0V > V=0V (mass ao)
hay:
Vi-V~ V=V, e
= — Virtual ground, v; =0 o=t R,
R RrF A
. Ry
Vi__Vo_, ROV N
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5.4.2. Mach khuéch dai khong dao diu
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Hinh 5.9: Mach khuéch dai khong dao dau

Do Rin rat 16n , nén iin = 0
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Hinh 5.10: Mach dién tw dong sang dén khi troi tdi sir dung op-amp
Cau hdi on tap:

1. Trinh bay ky hi¢u va nguyén ly lam vi¢c AP-OMP?

2. V& hinh va phan tich mach khuéch ddo khong dao?
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