LOI NOI PAU

Pién tir tvong tu 14 md dun co sé nganh dién tir cong nghiép duoc viét dua
trén chuong trinh khung nganh cao dang dién tir cong nghiép, nham cung cap
cho nguoi hoc nhiing kién thtrc co ban nhét dé phan tich, thiét ké cac mach dién
trong hé théng mach dién tir sir dung cac vi mach ding cho hé trung cap nghé,
cao dang nghé dién tir cong nghiép. Dé nghién ctru tai liéu duoc thun loi, ngudi
hoc can ¢6 trude kién thie ctia cac mén hoc Pién k¥ thuat, Linh kién dién ti, Po
luong dién tir, Mach dién tur co ban.

Giao trinh dugc chia thanh 5 chuwong.

Chuong 1. Khuéch dai thuat toan: néu cic dic diém va tinh chat cia bd
khuéch dai thuat, cac dic tinh co ban clia khuéch dai vi sai; nhan dang dwoc céc
mach op-amp thong dung trong thyc té

Chuong 2. Ung dung cua khuéch dai thuét toan: néu céu tao, nguyén ly hoat
dong cac mach trng dung dung op-am: mach khuéch dai, mach cong, mach tru,
mach vi phan, mach tich phan, mach tao ham 16ga, ham mii, mach nhan tuong
tu, mach loc tich cuc...

Chuong 3. Mach dao dong: dua ra cac khai niém vé mach dao dong tao song
sin str dung IC Op-amp ciing nhu cac mach ing dung tao song sin dung op-amp;
dong thoi trinh bay hoat dong cua cac IC op-amp lam viéc & ché do xung, cac
mach tao xung: gém mach da hai ty dao dong, da hai doi, trigger, mach tao di¢n
ap rang cua...

Chuong 4. Mach ngudn: néu duoc ciu tao va dic tinh dién cta vi mach on ap
3 chan thong dung; thuc hién nang cao tinh ning cua cac bo ngudn nudi theo
yéu cau thiét ké; thiét ké cac mach tung dung vi mach 6n ap 3 chan dat yéu cau
k¥ thuat; dic biét 12 & chuong nay tac gia sé dua ra cic mach ngudn don gian, on
dinh str dung cac IC ngudn trong thuc té.

Chuong 5. Cac vi mach tuong tu thong dung: néu ciu trac, dic tinh cac vi
mach tuong tu thong dung; thiét ké dugc cac mach Gmg dung co ban dang yéu
cau k¥ thudt; cac vi mach twong tu duoc st dung trong chuong 5 ndy gém c6 IC
vi mach dinh thoi (555), cac vi mach cong suit am tan nhu HA1392, LM1877,
TDA2003, LA4440, TEA2025..., cac vi mach tao ham dac biét nhu XR2206,
L8038, NE566...



Trong qué trinh bién soan gido trinh tac gia c6 tham khao mot sb gido trinh
cua truong Pai hoc Bach khoa Ha Noi, Pai hoc Giao thong van tai...,tac gia con
duogc cac dong nghiép trong bd mon Dién tir cia khoa Dién - Dién tir - Pién lanh
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- CHUONG 1
KHUECH PAI THUAT TOAN

Ngay nay IC analog st dung rdng rai trong k¥ thuat di¢n tr. Khi st dung
chung can d4u thém cac dién tro, tu dién, dién cam tuy theo tirng loai va chuc
ning cia ching. So dd dau ciing nhu tri sé cta cac linh kién ngoai duoc cho
trong cac s6 tay IC analog. Cac IC analog dugc ché tao chu yéu dudi dang
khuéch dai thuat todn — nhu mot mach khuéch dai 1y twong - thuc hién nhiéu
chre ning trong cac may dién tir mot cach gon - nhe - hiéu suat cao. O bai nay
ta Xét cAc khai niém co ban vé khuéch dai thuat toan va hinh dang, thong sé k¥
thuat cua ching.

1.1. Khai niém
1.1.1. Khuéch dai vi sai

a. Khai niem

Pé khuéch dai tin hiéu ¢ tan sb rat thip hay cac tin hiéu bién thién cham va
khong co tinh chu ky, ngudi ta thuong ding mach khuéch dai DC theo kiéu lién
lac truc tiép.

Mach nay c6 dap Gng tan s rat thap tot nhung lai c¢6 hién tugng dién ap troi.
Do d6 dé tranh hién tuong dién ap troi va ting kha ning chdng nhidu & cac ting
khuéch dai dau tién ngudi ta dung mach khuéch dai vi sai ( Differential
Amplifier).

Dang mach cin ban: mot mach khuéch dai vi sai can ban & trang thai can bang
c6 dang nhu hinh 1.1.

Va Vp
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Hinh 1.1. Mach khuéch dai vi sai can ban
- Mach d6i xtg theo dudng thang dimg. Céac phan tir tuong tng giébng nhau
vé moi dic tinh: Rb1 = Ro2; Re1 = Re2
Vee = VEe



Q1 giéng hét Q2, thuong duoc ché tao trén cung mot mau tinh thé.
- Mach c6 hai ngd vao 1a vi, V2 va hai ngo ra la v,, vp.
- C6 hai phuong phap 1y tin hiéu ra:
+ Phuong phap ngd ra vi sai: tin hiéu duoc 14y ra giita hai cuc thu (C)
+ Phuong phap ngd ra don cuc: tin hiéu duogc 14y ra gitta mot cuc thu (C) va
mass.
- Mach dugc phan cuc bang hai ngudn dién thé dbi xtimg ( Am, duong ) dé co
cac dién thé & cuc nén béng 0 volt.
b. Ché dé dong pha
- Khi tin hiéu vao vi = v (cung bién do va cung pha). Do mach dbi xtng, tin
hiéu ¢ ngd ra vy = Vp
Nhu vay: va=Ac.vi
Vp = Ac.Vz
Trong d6 Ac la do khuéch dai ctia mot transistor va duge goi 1a do 191 cho tin
hi¢u chung (common mode gain).
Do v; = Vv, nén v, = V. Vay tin hiéu ngd ra vi sai Va - Vi, =0.
- Khao sat thong s6 ctia mach: ta €O Vi =V, VA V, = Vp
Do mach hoan toan ddi xung, ta chi can khao sat nira mach, nén chu yvico?2
dong i. chay qua nén phai ting gap doi Re.

0 +Vce — .
%Rc
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Hinh 1.2. So' @6 mach tuwong dwong & ché dé dong pha

Phan giai mach ta tim dugc:

v Re R

AC:v_lz_re+2RE~_2.RE

1 Vi
Ze =R lIZ'c véi Lo=1" =B(r, +2R;)
b
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c. Ché dé vi sai

Ldc nay v; = -v; (cung bién d6 nhung nguoc pha).

Lac do: va = -vp.

Do vi = -V, nén khi Q1 chay manh thi Q; chay yéu va nguoc lai nén va# v.

Nguoi ta dinh nghia: v, - vp = Avs( V1 - V2)

Ays dugc goi 1a d0 loi cho tin hi¢u vi sai (differential mode gain). Nhu vay ta
théy vO1 ngo ra vi sai, mach chi khuéch dai tin hiéu vao vi sai (khac nhau & hai
ngd vao) ma khong khuéch dai tin hiéu vao chung (thanh phan giéng nhau).

- Khéo sat thong s6 ctia mach:

Nhu vay dong dién tin hiéu luén luén nguoc chiéu trong 2 transistor va do dé
khéng qua RE nén ta co thé bo Re khi tinh Ays va Zys.

Ib1 . b2
1 J—: V2
Rc Rc
ﬂ'reé Vh I

G

Va
> Bi,

G

> Bi, ¢/

Hinh 1.3. So' @6 mach tuwong dwong & ché dé vi sai

v, .
Taco: o+ Al =0
C

. V. Y V Vv R

vai = - o> 2=l 2 C
IB're RC re Vl re

s A= Vet e Vo Re
goali ra: V-V, 2V, r

Nguoi ta thuong dé y dén tong tro gitta 2 ngd vao cho tin hiéu vi sai hon 1a
gifra mQt ngd vao vdi mass. Gia tri nay goi la Z’vs.
Khi co RB thi ZVS =7"vs //ZRB

. . Vv,
Canchayl1a b2 =
Y B,

_ibl
Hé thtrc nay chimg t6 gitra 2 ngd vao chi c6 mot dong dién duy nhét chay qua.

Twr d6 nguoi ta dinh nghia:

ZIVS: Vl-_VZ — 2-V1 — Z.ﬂ.re

Ibl Ibl




1.1.2. Khdi niém chung vé IC khuéch dgi thudt todn

Vi mach thuat toan hay con goi la khuéch dai thuat toan (KPTT) la mot
thuat ngit duoc dua ra dé chi mot bo khuéch dai dic biét c6 thé co nhiéu
c4u hinh hoat dong khac nhau bang cach ghép ndi thich hop cac thanh phan bén
ngoai. Cac bo KDTT duoc ung dung dau tién trong cac may tinh twong tu véi
cac phép tinh s6 hoc don gian nhu cong, trir, nhan, chia, vi phan va tich phén.
Kha ning nay 1a két qua cua su két hop giira hé s6 khuéch dai 16n va hoi tiép
am.

Cung voi sy phat trién khong ngimg cta k§ thuat dién tr tir cAu tao bang
nhirng bong chan khong nang né, sau dén cac BJT roi rac, toi nay cac bd KPTT
déu & dang tich hop. Viéc nay lam cho cac bd KDTT trd nén gon nhe, ti€u thu it
nang luong, lam viéc on dinh va duoc ung dung rat rong rai.

1.2. Cau tric chung ciia ho IC khuéch dai thuit toan thong dung
1.2.1. Gidi thiéu
a. Ta xét khuéch dai thudt todn 1y tuéng:
- Khuéch dai thuét toan co ky hiéu nhu hinh 1.4. Mt OP-AMP 1y tudng co6 2

ngd vao va mot ngd ra so dat (di€ém chung M).
o +Vce

P Vv < P
N
-Vce

Hinh 1.4. Ky hiéu OP-AMP ly tuong  Hinh 1.5. M6 hinh OP-AMP Iy tuong
Ngd vao c6 du (-) va chit N goi 1 ngd vao dao, c6 dién ap so voi dat 1a Vy

Ngb vao c6 ddu (+) va chit P goi 1a ngd vao khong dao, c6 dién ap so véi
dat1a Ve

Ngb ra so v6i dat co dién ap 1a V.

OP-AMP c¢6 hai dudng cip ngudn 13 +Vee VA —Vee, ngudn cung céap 1a dbi
xtng voi diém M. Trudng hop cip ngudn don thi —Vee = 0V, tic 1a ddu — Ve
nbi voi diém chung M.

+ Mach di¢n tuong duong cia OP-AMP dugc moé ta nhu hinh 1.5:
Trong d6 Vp 1a hi¢u dién &p trén 2 ngd vao: Vp = Vp — V.
Mach vao c6 dién tré vao ky hiéu 1a Rq goi 1a dién tr¢ vao vi sai.
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Mach ra gém mot nguén ap 1€ thudc vao Ay.Vq voi dién trd ra 1a Ro.
Quan h¢ gifra dié€n ap ra Vo khi héd mach va di¢n &p vi sai vao dugc cho boi
biéu thirc: Vo = Ag(Ve — V) = Aq. V.
Aq dugc goi 13 hé s6 khuéch dai vi sai
- Cac thong sb 1y tuong ctia OP-AMP nhu sau:

. Pi¢n trd vao vo cung 16n: Ry — .
: Dién,trc")' ra bang 0: Ry — 0.
. H¢ s0 khuéch dai vi sai v6 cung 1én: A, — «.
. Dai thong tan ky hiéu 1a BW c6 do rong tir OHz dén «.
. Pién ap ra Vo bang 0 khi Vi = Vs : Vo —0 khi Vp =0.
. H¢ qua:

Vi R, = nén khong c6 dong vao trén 2 ngod vao cia OP-AMP, nghia 1a

Y . .
Vi A, =wonén Vp = E(j — 0, nghia 1 ludn ton tai biéu thirc Ve = Vy.

Trang thai mach nhu hinh 1.4 goi 14 trang thai khuéch dai vong ho, c6 Vo
= A4.Vp, vOi A, =0 Nén Vo= o, tacd Vo =+wo khi Vp >0va Vy=-o khi Vp <
0. Néu Vp = 0 thi Vo nguoe dau véi Vi, néu Vy = 0 thi Vo ciing dau véi V.

Trong mach khqéch dai OP-AMP, Qé m%ch don gidn nguoi ta thu’(‘)pg
khong v€ ngudn cung cap +V.. nhung ta ngdm hiéu la mach da dugc cap nguodn.

* Ché d¢ vi sai va ché dé dong pha:

Mot dac tinh quan trong cta vi mach OP-AMP la kha nang khuéch dai v6i hé
s6 khuéch dai rat 16n doi véi tin hiéu vi sai va hau nhu khong khuéch dai hay
khuéch dai véi hé sé khuéch dai rat nho dbi vai tin hiéu déng pha.

Tin hiéu vi sai dugc hiéu 13 tin hiéu c6 cung bién d6 nhung nguoc pha nhau
dat trén hai ngd vao cia OP-AMP, tin hi¢u déng pha la tin hi€u c6 cung bién do
va clng pha trén hai ngd vao cia OP-AMP. Nhu vy thyc té tin hiéu & ngd ra
lu6n luon gém hai thanh phﬁn, mot thanh phr:in do khuéch dai tin hiéu vi sai, mot
thanh phan do khuéch dai tin hiéu dong pha.

Ché d6 khuéch dai vi sai va dong pha cta vi mach OP-AMP dugc mé ta nhu
hinh 1.6 v&i cac dinh nghia nhu sau :



o- P 3 OO| P 3
1 ° 1
VD \I/DiN , .OU N, ‘ou
V, \Y ’
< Cm A
Vl\i[ l-Vcc \[ VO l l-Vcc \[ VO
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Hinh 1.6 a) Ché dé khuéch dai vi sai  b) Ché dg khuéch dai dong pha
- Hi€u cua hai dién 4p trén ctra vao OP-AMP goi la dién ap vi sai vao :
VD = Vp - VN
- Trung binh cdng cua hai dién ap trén ngd vao cia OP-AMP duogc goi la

X 1
dién ap vao déng pha Vem: Ve, = > Ve +Vy)

- Heé s6 khuéch dai vong ho dbi v6i dién ap vi sai, ky hiéu 1a Ap hodc G (goi
tat 1a hé s6 khuéch dai vi sai).
- Heé s6 khuéch dai doi voi dién 4p dong pha, ky hiéu 1a Acm (g0i tat 12 hé sd
khuéch dai dong pha).
- Pién 4p ra ky hiéu 1 Vo. Pién 4p ra gdm hai thanh phan :
Vo =Ap Vo + A Ve

V
A =2 i =
D v, khi Vem =0

VO .
A =V, khi Vp =0
- Hé s6 nén tin hiéu déng pha, ky hiéu 1a CMRR (con goi 1a hé s6 triét hodc
khir tin hiéu déng pha — Common Mode Rejection Ratio).

CMRR = % hoic CMRR = 20.log, % (dB).

m m

Trong thuc té Ven 1 nhidu tac dong trén hai ngd vao cta vi mach OP-AMP.
CMRR cho biét kha ning chdng nhiéu déng pha ctia vi mach, 1a mét trong cac
chi tiéu danh gia chét lugng vi mach. Cac vi mach thuat toan hién nay c6 CMRR
tir 10* (80dB) dén khoang 3.107 ( khoang 150dB).

b. M6 hinh mach:

Céc thong so k¥ thuat ctia vi mach khuéch dai thuat toan 13 hitu han.

Vi du dién tré vao ddi véi tin hiéu vi sai, déng pha va dién trd ra cua vi mach
c6 gid tri xac dinh. Hé s6 khuéch dai vi sai 12 ham tan s6, ky hiéu 1a G, ¢ tan so



thap 1a Go. Do d6 dé phan tich va danh gia cac chi tiéu ctia mach khuéch dai sir
dung vi mach OP-AMP nguoi ta dua ra mo hinh mach twong duong:

Hinh 1.7 1a mach mé hinh hoa ctia IC khuéch dai thuét toan va tham sd cua
1 A741. Phia mach vao duogc dac trung bﬁng dién trd vao vi sai Rg, dién ap vao
vi sai Vp va hai dién trd vao dong pha ky hiéu 13 2R¢y. Phia mach ra bao gém
nguén dién ap 1€ thuoc G.Vp va dién trd ra Ry.

+ 2Rcm RO
e

V_o
P
d < D ' QG.VD

V. o _
N 2R i
cm

Hinh 1.7. Mach twong dwong cua vi mach OP-AMP
Voi Rg =2MQ; 2Rm = 400MQ
Ro=75Q; Go=10°
c. Ddc tuyén truyén dat IC Op amp
Khi xét mdi quan hé gitta dién ap ngd vao va dién ap ngd ra ta xét dic tinh
truyén dat mé ta mdi quan hé vao / ra ciia vi mach OP-AMP vong hd, do chinh

la; Vo = f(VD) AV
+Vcel
Bio hoa duong (+Vsar)
+Vsatlt "
Ly tuong max Vo
, /0 Vo(mV
Thue té " Offset o(mV)
Bdo hoaam (Vsayf / Vsat _____
+ -Vcc

Hinh 1.8. Dac tinh truyén dat cua OP-AMP
Do thi hinh 1.8 1a d3c tinh truyén dat v&i tin hiéu ddt 6 ngd vao khong dao.
Pic diém cua dic tinh truyén dat cia OP-AMP 1a V, chi ty 18 v6i Vp khi Vg
nam trong khoang gilra +Vsa Va V.sa. Pac tinh truyén dat bi bao hoa khi Vj =
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Vsa. Dién 4p Vsy trong thuc té nho hon dién ap ngudn cung cip. Nhu viy dé
dién ap ra cua mach khuéch dai khong bi méo thi phai c6 diéu kién:
< Mmax V,

T2
Dién 4p bdo hoa Vs thuc té bang khoang (80+90)% dién 4p ngudn cung cap

V

Ve do c6 su sut ap trén cac dién tro han ché dong trong mach Emitter cua tang
cong suat ra va di¢n ap bao hoa Vces cua chung nhu mé ta ¢ hinh 1.9.

7 +Vee
+Vce
Q1
D1 R1
's oV

Q2
ﬂ -Vce --Sut ap trén Ro+Veesxeua Q2 .
s -Vcc

Hinh 1.9. Gidi han thay doi dién ap ra cua vi mach OP-AMP

Mot s6 mach OP-AMP sir dung tdng ra mac theo so dd E chung (BJT) hoic
S chung (FET) c6 dai thay doi dién ap rong hon, gan véi gia tri cua dién ap
nguodn cung cip. Nhitng OP-AMP nhu vay c6 rail-to-rail-output (dién ap ra thay
d6i tir +Vee t61 —Vee). Tinh chat rail-to-rail-output ndy ddc biét quan trong khi
OP-AMP lam viéc véi dién ap ngudn cung cap rat thap, hoiac khi OP-AMP duoc
cung cip bang nguon mot phia. Tuy nhién viéc st dung tang ra E chung hoic S
chung dé c6 dugc tinh chit nay lam cho tré khang ra cia OP-AMP ting 1én dang
ké so v6i khi méc theo so dd 1ap E hoac lap S.

Dac tinh truyén dat thuc té khong di qua géc toa do ma léch géc Vol gia tri
vai mV. Do 1a dién ap 1éch khong hay offset.

1.2.2. Ciu trisc mach dién

Céu tric co ban ciia mot bd KDTT nhu hinh 1.10. Ngé vao 1a tang khuéch
dai vi sai; tiép theo 1a ting khuéch dai trung gian (c6 thé 13 ting dém hoic
khuéch dai vi sai), tang dich mac DC dé dit mic phan cuc DC & ngd ra; cubi
cung 1a tang dém dé khuéch dai dong va c6 tré khang ra thap, tao tin hiéu bat doi
xtng & ngd ra. Cac tang khuéch dai déu ghép truc tiép voi nhau.
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N »  Khuéch Khuéch Khuéch V,
Vi ,| dai vi sai > dai trung » daicong ——
" ' gian Suat

Hinh 1.10. So d6 khdi ciia mét bo khuéch dai thudt todn
- Tang khuéch dai vi sai ¢6 2 ngd vao (N va P) ¢ dic tinh ki thuat sau:
+ Dong vao trén hai ngd vao rat nhod
+ Dién tré vao rét 16n
+ Do troi diém 1am viéc rat nho
+ Pic tinh dong tot (dic tinh bién tan, pha tan va téc do tang truong dién ap
ra SR — Slew Rate).
+ C6 kha nang bu dién ap 1éch khong (bu offset).
- Tang khuéch dai trung gian gom co:
+ Mach khuéch dai vi sai bién ddi d6i xtmg / khong d6i ximg.
+ Mach khuéch dai va dich mic dién thé.
+ Mach khuéch dai dién ap va tién cong suét E chung: Ay >>1.
- Tﬁng khuéch dai cong suét co cau trac mach déy kéo (Push-Pull), ché do
AB c6 mach bao vé chéng ng:fm mach.
Hinh 1.11. md ta tom tat cdu tric bén trong ciia mot vi mach OP — AMP, ch(
¥ t6i tang khuéch dai vi sai vao, tang khuéch dai cong suét ra, ngudn cung cap
+V,. va cac dong dién, dién &p vao, ra.

r===-=-=-- 1 b
[ l L5
SR SR LS ai
S S = I Qal
T s | Vi
___: @ : B 3 NN
Ip : 'é | ' Rt
[ 1
Vel oy 12 X
=S Qa2 t
Q1 Q2 LS sk
In A i
2 o—> — ! ! Ll
| !__:ZZ_____'
Vp ) 4
Vn T T
-Vee | — T +\Vce
Nguan an ., p

Hinh 1.11. M6 td tém tdit cdu tric vi mach bP - AMP
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- Tang khuéch dai vi sai vao c6 V = R(ly — lo) v6i I =1 + I, trong d6 I 1a mot
ngudn dong duoc diéu khién boi dong cuc gbe I, va I, cta cac transistor Qq va
Q2 voi y nghia I, duong, I, am. Hai dién ap trén 2 ngd vao 1la V, va V..

Néu V, = V, va Qi, Q; giéng hét nhau thi cac dong base va cac dong
collector bing nhau (Ip = In, 11 = 1), khi d6 dién ap ra cua tang vi sai V = 0.
Truong hop ndy mach c6 tin hiéu vao dong pha.

Khi V, va V, ciing bién d6 nhung khéac pha nhau thi ton tai trén hai 16i vao
mot dién ap vi sai Vg = Vp — V,, va tang vao dugc diéu khién boi dién 4p nay.
Khi d6 V =R(I1 — I,) = 0, dién ap nay dugc khuéch dai boi cac tang khuéch dai
trung gian dé tao ra dién ap ra 1a Vo.

Pién 4p Vo tang khi V,, giam do d6 dau vao s6 2 trén hinh 1.11. duoc goi 1a
dau vao ddo. Pién p Vo tang cling véi V,, do d6 dau vao sé 1 duge goi 1a dau
vao khong dao.

- Tang ra cua vi mach OP-AMP gom céc transistor cong suat Qx (npn) va
Qa2 (pnp) 1am viéc & ché d6 Push-Pull dugc diéu khién boi dong Is do tang
khuéch dai tién cong suat cung cap. Tang cong suét cap cho tai Ry mot dong dién
ra la l.. Pién ap ra Vo = I..R; ¢6 thé lay gia tri duong hay 4m so v&i dat tiy thudc
vao dong diéu khién Ig 1am cho Qa1 mé hay Qz md. Do d6 ngudi ta néi vi mach
OP-AMP ¢6 dau ra ludng cuc.

Mot s6 vi mach OP-AMP c¢6 tang ra hd collector c6 nguyén 1y nhu hinh
1.12. Pién tré Re ndi tir Collector cua transistor cong suat 1én ngudn Vee nam
ngoai vi mach goi 1 dién trd Pull-up. Dong dién Ig. dugc diéu khién boi dong
cuc goc lg. Pién ap ra Vo = Vee — Ire.Re. Khéc voi tang push-pull, tang ra ho
collector c6 thé khuéch dai dién ap. Dong di¢én ra Iy cia OP-AMP h¢ collector

c6 thé dat téi 100mA. +Vee
IRC
$ Re
— + a1 IC Jl
B IB Qa2 <
— =L v
]

-Vcc

Hinh 1.12. M6 ta cd'u, truc vi mach OP-AMP,hé’ collector
- Vi mach OP-AMP c6 cau truc mach tuong do61 phirc tap. Ngoai cac mach

khuéch dai co ban con c6 cac mach tai dong, cac mach nguén dong, guong
dong, mach dich thé, mach bu tan so6, mach bao v¢....
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- Ngudn cung cip cho vi mach OP-AMP 1a ngudn 6n ap. Vi mach OP-AMP
c6 thé duogc cip ngudn ddi ximg hodc ngudn don.

Céc IC khuéch dai thuat toan hién dai c6 do troi dong va ap offset vao rat
nhé. Tuy nhién dé nang cao do chinh xac khi khuéch dai céc dong dién va dién
ap mot chiéu nho ngudi ta phai dung khuéch dai diéu ché va khuéch dai chéng
troi. Hién nay cac chip khuéch dai thuét toan két hop ca transistor ludng cuc va
FET ¢6 nhiéu vu diém nhu trd vao 16n, tiéu thu cong suét nho.

* Vi mach khuéch dai thudt toan BJT: hinh 1.13

G- -ng d3ng G- -ng diing Dizh thO
1 i ———————— o 7
'l os ool | 1R i
: : Q12: : 1 |
: J—T—K Y. g |
S ': = R I::::::::I_" i 1 K Q'i4
i [ o4
+ 1S RE X Q15 ¢ Ril_l
o Q1 Q2 i\, :i 2 ! 6
. —201:tR7—K Qs — o
Vi b ¢ R5 2 X < Rlo Vo
R ¢ LI I I O
(O E e e e e I K N PR R ——a |l 1 =
ie——— S QR0
"""" 7’““! — - :K Q16 |, i " i
i | N o =
_.T_K Q6 i Eﬁli._{ inl :IIQIQE i i i
R1 §R3 §;RZi§R4 i §§R8 gé%gi i
| ! S o 4
19 Bi offset 5 ° G--ngdRng KhuCch @i KhuGh @i
trung gian c«ng sule

Hinh 1.13. So' d6 nguyén Iy, cdu triic trong vi mach 741

- Tang khuéch dai vi sai vao gdm céc transistor Q1 dén Qo, trong dé chlng
co cac churc nang sau:

Q1, Qs va Q,, Q4 14 2 cip transistor mic kiéu cascade tao thanh mach
khuéch dai vi sai dau vao P dénh s6 3 va dau vao N danh s6 2. Q1, Qz c6 hé s6
khuéch dai dong 16n, Qs Q4 c6 hé sé khuéch dai dong nho.

Qs, Qo & mach guong dong tao thanh ngudén dong hang (204A) cdp cho
tang vi sai.

Qs, Qg, Q7 14 tai tich cuc cua ting vi sai c6 thé dat 3 dén 5 MQ. Dong ra clia
tang vi sai lay tir collector Qe dua ra diéu khién tang tién cong suat Qie. Hé s6
khuéch dai dién ap cua tang vi sai vao co thé dat tir 50 dén 60 dB.
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- Tang khuéch dai trung gian gdm cac transistor Qis, Q17 VA Qi3; trong do
Q16 V& Q17 1a mach khuéch dai Darlington E chung c6 dién tré vao 16n. Qg va
Q1s 1a mach guong dong trong d6 Qi c6 vai tro nhu 1a tai tich cyuc clia tang
khuéch dai E chung.

Hé s6 khuéch dai ap cua ting trung gian c6 thé dat trén 50dB.

- Tang khuéch dai cong sudt gdm Qus, Q2o

Q1s, Q19 cung v&i cac dién trd Rig, Ri1 1a mach bao vé chéng ngén mach cho
tang cong suit, khi dong dién qua Ri; vuot qua 20mA thi qis mé thong 1am giam
dong qua Q14 hodc khoa Q4.

Khi dong qua Rio vuot qua 20mA thi dong cuc gdc cia Qo ciing ting 1én
lam tang dong dién qua dién tro R, ting dién ap cta cuc gbc ciia Q1o 1amM Q1o
mo, khoa bét Qs va do d6 giam dong cuc gbe ciia Qoo din dén han ché dong
qua Q2o hodc khda Qq.

Mach dich thé nam gitra 2 cuc B ctia Q14 Va Qyo gém Qs va Rg, Ry tao ra
dién thé ¢& 1V va tao ra dong tinh ban dau cho ting cong suit c¢& 60 pA. DONg
tinh téng cong cua khuéch dai thuét toan duoc xac 1ap nho dién tré Rs va hé sb
khuéch dai dat duoc 200.000, dién tré ra khoang 50Q .

Bu tan sb trong mach dugc thuc hién b.%mg tu C; ( khoang 30pF).

Mach c6 tan sb cit dau tién 1a 5Hz, tan sd don vi khoang 1MHz.

Tt 5Hz dén 1MHz hé s6 khuéch dai giam 20dB/dec.

* Vi mach khuéch dai thudt toan BiFET: hinh 1.14

Vi mach BiFET c¢6 tang vi sai vao ciu tao tir transistor BJT va JFET kénh
p, ¢ tac dung tang dién trd vao va 1am giam ton hao cong suat. Cac vi mach
thuat toan BiFET dién hinh thudc serie TL080...084 va TL 060...066 c6 cau
tric co ban nhu hinh 1.14

Tang vi sai vao gom JFET Q,, Q3 va mach guong dong Qa, Qs, Q7 d6 ciing
1a tang bién d6i ddi xtmg tang vi sai thanh tin hiéu ra khong ddi xung. Tang
cong suat gom Qqz, Q13 13 tang Push-pull ché o6 AB.

Céc transistor Q1, Qo, Qu4, Q16 va Dz dung dé cip dong on dinh cho mach
vao va ting tién cong suét.

Pé thiét 1ap diém lam viéc cho tang cong suat, nguoi ta dung transistor Qig,
Q11 dudi dang diode.

Hé s6 khuéch dai dién ap cua mach dugc thiét l1ap chu yéu o t?mg tién cong
suat Qs va Qs.
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- Tang vi sai dau vao 1a cac MOSFET Qs, Q7 duoc bao vé qua ap bang cac
diode D5, De, D7, Ds.

- Cac transistor BJT Qg, Q10 va cac dién tr¢ lién quan la tai tich cuc cua
tang vao, dong thoi dua ra dong dién (Ig) diéu khién ting khuéch dai trung gian
Qi1, Qi1 ciing c6 tai tich cuc 12 mach ngudn dong gébm cac MOSFET Qs, Q.
Téng khuéch dai trung gian quyét dinh hé sd khuéch dai ciia mach.

- Vi mach CA3130 c6 hé sé khuéch dai khoang 750.000, dién tro vao
khoang 1,5.10'22, dong vao c& 5pA, dong ra cuc dai c& 20mA, tan sd don vi
khoang 15MHz.

* Vi mach thudt toan CMOS:-
- Cau trtic vi mach thuat toan CMOS (hinh 1.16)

Tang vi sai vao 1a cip MOSFET kénh p Qa, Qs c6 tai tich cuc 1a mach
guong dong vdi MOSFET kénh n Qs, Q.

Qs 1a ngudn dong trong mach source ciia ting vi sai vao. Dau ra cla tang
vi sai diéu khién tang khuéch dai cong suat gdm Qg va Qq, chan G ctia Qg c6 thé
khong nbi truc tiép voi cuc G ciia Qg nhu trén hinh v& ma duoc nbi véi cuc G
cua Qs, khi d6 Qg dong vai tro tai tich cuc cua Qg tirc 12 mot nguén dong.

Chip CMOS c¢6 dién ap cung cip 5V (c6 thé cap ngudn tir 3 dén 12V),
cong suat ton hao 0,69mW, hé s khuéch dai hé mach khoang 90dB.

=0 +2 5V l 1 0
Q1 °R1 ¢R2 +Vcce
:I_‘ : Q3 _|: Q8 2 </
— —
SR, O E O
B T s Tos o7l s
- + Cc
md Lot vo '
Gl [~ Q¥ Q6 3|_(i;2 %Ck
5 -l /[ 2
— Q9 o——Q Q2 M Vo
q L, ] V q V
L = | | N P Q@ =| | |0
et Q5 Q7 @ R v
-Vee
i o 2,5V | J o

Hinh 1.16. Vi mach thudt toan CMOS Hinh 1.17. Vi mach thudt toan L7160

- Hinh 1.17 1a mot dang cau trac khac ctia vi mach thuat toan CMOS cua
Intersil trong serie ICL7610. Tang vi sai vao MOSFET kénh n Q1, Q; c6 tai tich
cuc 1a mach guong dong MOSFET kénh p Qs, Q.. Tang cong suat 12 Qg va Q.
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1.2.3. Thong s6 va hinh dang bén ngoai
a. Thong sé kj thudt

Bén canh cac yéu cdu vé hé sd khuéch dai rat 16n, trd khang vao rat 16n, tré
khang ra rit nho, cac vi mach OP-AMP con phai dam bao mot s6 yéu cau khéc
nita dugc goi chung 1a cac thong sb ky thuét (hay 1a cac chi tiéu ky thuét) cua
khuéch dai thuat toan. Cac thong sé k¥ thuat nay cho phép danh gia, so sanh céac
bo khuéch dai thuat toan véi nhau va dé cling 1a co so dé lua chon khuéch dai
thuat toan cho phu hop vdi cac yéu cau cua Gng dung.

Trong cac sb tay k¥ thuat (data sheet) cia OP-AMP, cac chi tiéu nay duoc
chia 1am hai nhom sap sép ¢ hai bang s liéu khac nhau. Bang tht nhat liét ké
cac diéu kién giéi han cho phép ciia OP-AMP goi 1a Absolute Maximum
Ratings. Néu OP-AMP lam viéc véi cac diéu kién vuot qua gidi han cho phép
nay thi c6 thé bi hu hong. Bang thtr hai liét ké cac tham sd mach dién thé hién
pham chét cia OP-AMP, goi 1a Electrical Characterisrics.

*. Piéu kién gidi han cho phép cia OP-AMP

Cac diéu kién gidi han cho phép cia OP-AMP thuong duogc cho dudi dang

mot bang s6. Ta c6 thé minh hoa va giai thich cac diéu kién gidi han d6 thong
qua vi du vé mot bang s6 liéu ciia mot trong cac OP-AMP rat thong dung
(LM17741) sau day:

Bdng 1.1. Bang sé liéu diéu kién gidi han cho phép ciia LM741

Item Symbol LM741A LM741
Power-supply voltage
R F,)py R g +Vee + 22V + 22V
( D1én 4p nguodn)
Input voltage
n . . VN +15v +15V
(Pién ap vao & moi cuc)
Differential input voltage
e VIN(diff) +30V +30V
(Pién 4p vao vi sai)
Allowable power dissipation
A o ) Pr 500mw 500mwW
(Cong suat ti€u thu cho phép)
Operating temperature Range
perating femperature Rang Topr (-55t0 +125)°C | (-55t0 +125)°C
(Dai nhiét dg lam viéc)
Storage temperature Range
Qe IEmperaie Rang T (-65to +150)°C | (-65 to +150)°C
(Dai nhiét do cat gitlr)
Soldering Information
o ) 260°C 260°C
(Nhiét dg han, khoang 10s)

17




* . Céc thong sb k¥ thuat dic trung ctia OP-AMP:
Céc thong s ky thuat dic trung cia OP-AMP ciing thuong duoc cho dudi

dang mot bang sb goi 13 Electrical Characterisrics. Bang nay liét ké rat nhiéu céac
thong s6 khac nhau. Nguoi thiét ké mach dién tir can dwa vao ting tmg dung cu
thé dé nhin manh dén ting thong s6 k¥ thuat nhat dinh. Cac thong s6 OP-AMP
gom:

- Input offset voltage (dién ap sai léch & dau vao, Vio): Do khong thé co su

d6i xtng tuyét ddi trong cau tric cia OP-AMP, cho nén khi dién ap vao bang 0
thi dién ap ra cua mach dung khuéch dai thuat toan van c6 thé khac 0. Pién ap
offset vao Vo duogc hiéu 1a mirc dién 4p can cong thém vao mot trong hai ngd
vao ciia OP-AMP dé cho no co dién ap ra bang 0. Tuy thudc vao mirc d6 chinh
x4c clia cdc OP-AMP ma dién ép offset vao Vio ¢6 thé c6 do 16n tir ¢& 4V dén
hang chuc mV.

- Input offset voltage drift (d0 tr6i dién ap sai 1éch ngd vao): Pién ap offset
vao cua OP-AMP thuong thay d6i theo nhiét do. Su thay d6i nay dugc do bang
mot thong s6 goi 1a d§ trdi theo nhiét d§ cua dién ap offset vao (aV,, ), thuong

duoc do bang don vi x V/°C.
- Input offset current (Dong dién sai 1éch ngd vao, I0): Hi€u gilra cac dong

phan cuc ¢ cac ngd vao + va — cuia OP-AMP duoc goi 1a dong sai 1éch (hoac
offset) ngd vao.

Sy thay d6i ctiia dong offset ngd vao theo nhiét d6 dugc do bang mot thong
s6 goi 1a input offset current drift (46 troi ciia dong sai 1éch ngd vao «.li0). TUy
theo loai OP-AMP, d6 troi « .lio c6 thé duge do bang pA/°C hoic nA/°C.

- Input bias current (Dong dién phan cuc ngd vao, Iig): Mach khuéch dai thuét

toan can phai c6 mot dong phan cuc & ngd vao dé dam bao ché d6 1am viéc ban
dau. Dong phan cuc ngd vao cia OP-AMP duoc tinh bang trung binh cong cia
cac dong phan cuc ¢ hai ngd vao + va — cia n6. PO 16n cua I,g 6 cac OP-AMP
c6 tang vao dung transistor ludng cuc co thé téi hang trim nA, con cac OP-
AMP c6 tang vao dung FET thi d6 16n ciia Iz c6 c& pA.

- Input impedance (tré khang vao, Z): thong sb trd khang vao cia OP-AMP
bao gdm ca thanh phan thuan tré va thanh phan dién dung (hinh 1.18).

Céac tu dién c6 tri s6 dién dung c& vai pF, cac dién tro co tri s6 tir 10° dén
102 @ tuy ting loai OP-AMP.
Tré khang vao Z, cia OP-AMP dugc hiéu 1a tré khang gitra hai ngd vao cia
nod, trong d6 c6 mot 16i vao ndi dat. Theo dinh nghia d6 thi R, = R¢//R, va C, =
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Cd//Cy (ngd vao + nbi dat). Trong phan 16n cac Gmg dung c6 thé coi trd khang
vao ctia OP-AMP 13 thuén tré vi Cy rat nho.

____________________________________

____________________________________

Hinh 1.18. M6 hinh ngo vao cua khuéch dai thudt todn

Trong mot sd truong hop khi thiét ké can quan tdm dén mot thong sé tro
khang vao khac goi 13 Common-mode input impedance (tr¢' khang vao dong
pha) Z,c ctia OP-AMP dugc do giita diém chung ndi ngan mach hai 16i vao + va
— clia OP-AMP vé6i diém dét ciia mach.

- Output impedance (trd khang ra, Zo): ting ra ctia cac OP-AMP thuong 1a
tang khuéch dai cong suat mic theo so d6 lap Emitter (BJT) hodc lip ngudn
(FET). Vi vay dién tré ra cia OP-AMP c¢6 tri sd rat nho, thuong 1a tir 20 dén
200Q. Vi dién trd c6 tri s6 nho nhu thé thi anh hudng cia dién dung ra 1a
khong dang ké, ta c6 thé coi tré khang ra cia OP-AMP 1a thuan tro.

- Output voltage swing (khoang thay doi dién ap ra): dién ap ra ciia mot OP-
AMP chi ¢6 thé dao dong gitra hai gia tri gidi han cua no la +Vsva— Vs, + Vs bi

gidi han boi dién 4p ngudn cung cap, dién tré ra cia OP-AMP va dién ap bao
hda Vces cta cac transistor & tng ra.

- Common-mode rejection ratio (hé sé triét dong pha CMRR): dugc tinh
bang ty sb gitra hé s6 khuéch dai vi sai Ag va hé s6 khuéch dai dong pha Aen.

V6i md hinh OP-AMP 1y tudng, dién ap vao dong pha khong c6 anh huong gi
dén dién ap ra cua n6. Tuy nhién v&i cac mach thuc té thi chinh dién ap vao vi
sai lam thay doi diém lam viéc ciia tang KDVS (tang vao) do vay lam thay doi
dién ap ra. H¢ s6 CMRR c6 thé dugc cho & dang khong c6 don vi hodc ¢6 don vi
do 1a dB cua thang do logarithm.

- Supply voltage rejection ratio (hé so triét anh hudng cua dién ap ngudn
PSRR): 1a ty sd giita sy thay doi dién ap ngudn cung cap va su thay doi dién ap

ra twong Uung véi sy thay doi dién ap ngudn d6. Khi dién ap ngudn thay doi thi
diém 1am viéc cua cac tang khuéch dai trong OP-AMP déu thay doi va do d6 s&
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lam thay d6i dién 4p ra. Véi mét OP-AMP cu thé thi hé sé PSRR cang 16n cang
tdt. Hé s6 PSRR ¢6 thé duoc cho & dang khong c6 don vi hodc c6 don vi do la
dB.

- Gain hoic Amplification (hé s6 khuéch dai): hé sé khuéch dai tin hiéu dién
4p Go cia OP-AMP c6 thé duoc goi voi cac thuat ngit khac nhau nhu: Large
signal voltage gain, Differential voltage amplication, Open-loop gain...Hé sb
khuéch dai dién ap mach hé cia OP-AMP doéng vai trd quan trong ddi véi do

chinh x4c ctia ham truyén toan mach.

Céac mach OP-AMP thong dung hién nay déu c6 hé sb khuéch dai G rat 16m,
c& tir 10° dén 107 ty thudc vao chung loai OP-AMP. Ciing gidng nhu CMRR hé
s6 khuéch dai cia OP-AMP ¢6 thé cho ¢ dudi dang khong don vi hodc c6 don vi
dB.

- Slew rate (téc do thay d6i dién ap ra, SR): 1a gia tri cuc dai cia téc do thay
ddi dién ap ra 0 ngd vao cia OP-AMP. Trong moi OP-AMP, tbc d6 thay doi
dién ap ra bi han ché do tu dién bu dich pha hodc do céac tu dién ky sinh trong
mach. Cac OP-AMP c¢6 stir dung tu dién bu dich pha thi c6 SR nho hon. SR la
mot trong nhitng yéu td quyét dinh tan sd cuc dai ciia mach dién tir twong tu co
st dung OP-AMP.

- Maximum output-swing bandwith (dai thong tin hi€u 16n, fom hodc f,): thong
s6 nay lién quan dén Slew Rate ctia OP-AMP nhu duge mo ta trén hinh 1.19a va

quan hé gitra dai thong vé6i Slew Rate duoc viét nhu sau:

SR
o 2nAV,
Dai thong
Hé §6
Khuéch
dai
(dB)
B GBP
f1
0 10 100 1k10k100k1M 10M
a) b) Tan s6 (Hz)

Hinh 1.19. Pdc tinh tan ciia hé sé khuéch dai

20



