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QUGNG VI: KHU ECH PAI THU AT TOAN —

OP AMP

A\

Cau tao vi mach khuéch dai thu at toan

Pac tinh

Coéng thirc co ban — Khuéch dai dao, khuéch
dai khong dao

> Céac mach lam toan: mach tang, trir, tich
phan, vi phan, ky logarit, anti-logarit

Mach so sanh

Mach daodong séng sin

YV VYV

YV VYV



E%HU ECH PAI THU AT TOAN - OP AMP

. So lwgc vé vi mach Khuéch dai thuat toan — Vi
mach - I1C (Integrated CII‘CUIt) gom nhiéu linh ki én

to hO’p dong goi chung trong 1 9, cé nbt hay nhidu
chirc nang.

Uu diém:
« P tin cay cao, hat dong tot
e  Po khuéch Ién , mat do tich hep cao
e  COng st thap
e D& lap rap mach
. Giathanh ha



CAU TAO VA PAC TiNH

Cau tao: Gom nhiéu tang ghép chi :
Khu éch dai vi sai
Khu éch dai don

Mach dich mirc dién thé DC
Tang cong sut
Nguon on dong, mach biao vé

KHVS

"ang dau

KBDT

ing gita

/

ICH MUC

Mach buffer

KBCS

Ang cuoi




@9 PO KHOI M ACH KHU ECH PAI THU AT

S TOAN OP AMP
OP AMP thwong dll’O’C bleu dién:

Vo q\ A

Mach cO 2 ngod vao ngoc pha nhau

* NgO vao + cho tin h¢u ra v, dong pha Wi tin hi¢u vao
Vi

* NgO vao — cho tin hgu ra v, ngugc pha wi tin hiéu
vao V
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= Mach duoc cip dién bang 2 ngén dbi xang

V+ =-V-
hay Ve = - Vee
Vcc+
V49
LV
1 — +
- =)
k 1+ N output [
1 > > ’ b
) o _ /M Vgt i _
( / — V_




S ——
 Mach twong duong
1:.|.'|'

im H.t'n

V. — U = Hintin

Vout — A{ﬂ—l- — ﬂ—} — toutdlout 7



e Op.amp. ly twéng codac diem:

Av = @ A = large
R = o Rin = large
R , = 0 Rﬂﬂ; ~ small

 |C OP AMP thuc té: cong ngrhé BJT, CMOS, BIMOS:
LM 741, LF 358, TL062, TL082, TLO8A4.
LM 741 coO:
Ri =1 hay 2 Mohm
Av = 200.000 hay 106dB
Ro =75 Ohm
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et m— Ul
Ll 1 8| connection
Inyerting Positive
Eim = T Zipply
b
"_"i"'ETrtr'E' 3 5 | Output
B3
Megative [ 5 | rrset
Ll
LM 741
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e LM 741 loai v6 8 chan:

Offset null 1_ 8 B NC ( No connian)
Inverting input  2— 7 H— V+
Noniverting input 3 | 6| Ouput
V- 4_ 5 B Offset null

+15 WV

8 7 6 5
| I N N N AN N E

rd

\% out
Y LM741 a ’
I- I 1 I 1 1 1 | —/

1 2 3 4 15V 11




SO DO MACH CHI TI ET CUA
OP AMP LM 741




#  SODPO MACHCHITI ET CUA
S OP AMP LM 741

Inverting ¢ |
input I I I
: : or
Noninverting o Output
input ;=
220
Offset
null
Rg = RE = Q -—
50kQ S 10003 177 50 kQ
- - ' -+ o V=

Input stage Gain stage Output stage

A
A
)
Y



* Modern OpAmp IC -~ 1995

Lt O LB B SR AT

& Modern Opamp Package




TINH CH AT OP AMP

Op.amp c6 2 cach kbaoh dai vong ho
(1) Phwong céch vi sai (diffential mode)
Tin hiéu vao taaiong 2 ngd vao g la dién thé vi sai

Vig=Vi" - Vy
Do loi thé cach vi sa .
v + Vit ],
—
—_— 0]
Avd A . W -
Vi —V,; _ 1=
cé ti O rat 16n, theong st dung.
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(2) Phwong cach chung( Common mode)

Op—2Amp

Vidzvr;\/i_ —Eb—c}
+ vo
Vo_ Vi o

Avc = P
Vic Vi +Vi -
2

co tri rat nhé.
Hé so tru at thai cach chung:

Avd

Avc

CMRR= p =20log (dB)

cé tri cang bn , Op.amp cang 6t ( 741 1a 90dB)
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KET LU AN

« Trong 1 Op.amp thuc té bao gir ciing thuc hién ca 2 cach
trén cung 1 llc, ta co:

V,= ',A‘vd Vig ¥ Ay Vie = AgVgt AV,
hay viét lal :

1 Vv
.= AV 1+ :
V AdVd( CMRRVdj

Tin hi¢u ra co ci thanh phan cach vi sai va cach chung,
nhnrng vi CMRR rat lén, néndién thé ra gan nhw dwgc cho
bé1 tin higu cach vi saj con thanh pHin cach chung @n
nhw bi |Oa| bé. Pay lawu diém ciia OP AMP (mach KPVS)

trong viéc phat hién tin hiéu rat nhé ( trong do lwong, y
khoa, sinh hpcC .. )
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., PAC TINH C UA OP AMP

a.bac tinh ky thuat

Table 141 Nonideal parameter values for three op-ampcircuts
UIE CA3I0 LHOMAC

T Max Ut Ty Maw Ut Typ Maxw Ui
[t offset vollage (1 T | R A | A R | |

Average mput offset voliage dnit AR il v/
[t off oflel uren 1 N N . S (A T | N I SO A
Average imput oflsel cureent dnl 05 nAC

[t bias cureent ¥ %0 s 0 % A 1 0 pA
dlew rate 0] Vis 9 Vis ] Vit
CMRR A (I (T il
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o ——
b. Pic tuyen truy én cia Op.amp.
e Do A rat |&n, nén tin heuraV, rat |6n khi khuéch

dal vong ho' 9 V,nhanh chongdat tri bao hoa khi Vi
cO biéndo rat nhé vao khoang vai uV.

* Va1lIC 741, co A4 = 200.000 valién thé ra cuc dai

Vomax = 13V (cap dién 15V thi V... bang: V.= 65uV)
Vomax +13V E :
v 13 |
omax :65 :
Viamn = 7 200,000 H /

- Vomax
-65uV + 65UV Vid

- 13V 19
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Tin hiéu ra bi xén (cit)

ol pl, Vﬂltf‘%‘f
+15F

time

mturation charaetenstie wavetorm ehpping 21



BIEN THE VA DONG PIEN OFFSET

Pién thé offset ngd vao V,: la dién thé offset ngd vao
khi ca 2 ng6 vaatéu 0V lai cho ngd ra Hién thé khéac
khong @i la dién thé offset ngd ra

Voo:Vio([Rl T RF)/ Rl]
* Dong offset ngd vao,,: Khi dong phangc 2 ngo vac
hang nhau ( nting khac du) lai chodién thé ra khéac
khong @i la dién thé offset ngd ra
Voo: IioRF
«Pién thé offset tong odng:
VooT = Voo( do Vio) T Voo( do Iio)
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Po dién the offset

Vo = Av VioZ 0 -]
IBl Vo
I
T |55
RF RF

RI I I RI 1 I
\ \

Vo /

Vo = KVIo

K=Vio( RI+RF)/RI
23




e Piéu chinh bién tré dé co V,,= 0V khi V,= 0V
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*O¢ PO TANG THE - SR (SLEW RATE)

« SR Ia tri sO cwe dai cla dién thé ngo ra mach
khuéch dai co thay ddi theo thi gian -

SR= AV

VIus
At H

Vo
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“, MOT SO THONG SO KHAC

Pién thé ngd ra bdo hoa : +\=V, =13V,
= Vobr=Vomin = - (13V)
Dong ra @c dai: | ., = 25mA.
bién thé cung @p: V*=+15V, V = -15V
Dong cung ép Is = 2,8m/
Cong sat tiéu tan B = 500mwW
Nhiét do lam viec: 0deén73C; -23C dén 83C;
-55°C dén 123C
Hé so néndién dién thé ngwn cung ap

PSRR=2s v =30 -150
AV cc
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ACH KHU ECH PAI CO BAN CUA OP AMP

« Pé tranh tin hdu ra bao hoa khi tin &il vao quéa né,
khong dung céch kigeh dai vong hy khi khéng én
thiét.

« Pé tin hiéu vao bn va tin héu ra khéng bbdo hoa
(khéng ki xén)-> khuéch dai hai tiép (cho 1 phan tin
hicu ra vao di ngo vao)

e CO6 2 cach ric o ban:
- Khuéch dai dao dau (dao pha)
- Khuéch dai khongdao dau (khéngdao)
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TACH KHU ECH PAI CO BAN CUA OP AMP

28



TACH KHU ECH PAI CO BAN CUA OP AMP

1. Khuéch dai dao (doi dau)
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ACH KHU ECH PAI CO BAN CUA OP AMP
e Do tong tré vao rat [6n, nén xem dongj, = 0, ta c6 :
I1=1 =1 Ry=R , Ry = Rg)
=i+, =0 2>i=i
Matkhac : V* =0V -> V- =0V (massio)
Hay:

e

_ _ Virtual ground, v; =0 121;1{_1
ViV _V ~V, N
Ry
Vio_ Mo T —AWWy 0 - .
R Re % Ton Vo =01k
V R il R
Ay = —2= S (1) 1 0 =3
Vi R L




\CH KHU ECH PAI CO BAN CUA OP AMP

Giai gan dung mach khiéch dai dao

W=4=%

Virtual ground, v, =0
WW
R,
R,
T —MW @ . -




TACH KHU ECH PAI CO BAN CUA OP AMP

e Mach dao dau
KhichoRc=R, > Av=-1- v ,=-v

RF =Rl
— AN
Vi
RI Op- Amp VO
OoO— "\ "N—@ \ s o
V

| 32



TACH KHU ECH PAI CO BAN CUA OP AMP

2. Mach khuéch dai khéng doi dau

RF
——
— —t— IS v~
— v+
L + +
R iin
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TACH KHU ECH PAI CO BAN CUA OP AMP

Mach khuéch dai khdng dao
Véi R, =R., R, =R

%) @ V1 \
. 3 o
_.).. v
m Vo O Vo
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 Dang khéac éa mach khiéch dai khdngdao

in & + : Veour
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\CH KHU ECH PAI CO BAN CUA OP AMP

e Chwng minh:
Do R, ratlén,nénj, =0

(ilzii:1 i2:i|:)
=g+ 1 =
Va:(R=R,, R, = Ry I
V-=V*=V,
Hay: 9V oV "Vo Vi ViV,
R R R R
VO:V|(1+ 1JZ>V°:VI(R|+RFj:>
Rr R R R R R,
A =Le=14 R (g
Vi Ri 36




D
Giai day du:

a. Mach khiéch dai dao
Xéta R vangwn A, (VvH-v)=-A,Vv

Ry
AYAVAVAY
_.}....
3¢
Ry
VI O——AANN ) _
— V1
I
/ ’ S
"V“ -
2 N N Aor(va—Vv1)

- 37



 Mach twong dwong:

i+ 1 = 1,
Vi _V_+Vo_v: V:>
R = R

ﬁ:—v_i_+v‘( 1 + 1 + ]I'Qj
R R R R

Ma: V+=0V; R ratlén
va: \V,=-A, V-

Vo _ Vi— vo(l 1]

R R A

38



e Hay: =

1 1( 1 1\}_ V.
Vo - + -
_RF A\ R R R
y 1 1(R.+REJ_:_ﬁ
'R AURR R
/ )
Vo_ 1 1
A —— = —
"vi Rl 1 1(R.+R:j
\RF A\ RR J)
. Khi RF

RI 39



‘ OPAMP: INVERTING AMPLIFIER .

1. V.=V,
ot 2.AsV,=0,V_=0

3. As ho current can
enter V_and from
Kirchoff's Ist law,

I1:I2.
4, Il - (VIN - V_)/R1 = VIN/RI
5. I,=(0 - Vour)/Rz = -Vour/Rz => Vour = -I:R;
6. From 3 and 6, Vo1 = -I,R, = -I;R, = -V R,/R;

7. Ther'efor'e VOUT - (-RZ/RI)VIN

Vin

40
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u, Cong thuc —
Vi — T— 00— v_ Vout — V_ I
Ry R, Rs Vi — T
v_ = v + .
R+ B m) T R

Uput = A{ﬁin - ﬂ-} = Loutflout-
e Do R, rat nhé = 0vaR,, rat Io4n so voi R, va R,:

oy

Tr_ 2= =r
?, 4+ IRy °F

Vo =2 A(Tigy — v_)

R, )
Ry + Ry ™




Rl+ RZ' Rl AV
« KhiAvr atléntaco tr wong hop ly t wong:

e

_. R LR :
A/_l"'ﬁ - A_l+ﬁ V&R, =R, vaR. =R,

44



OPAMP: NON - INVERTING
AMPLIFIER

1.V.=V,

2. As V,, - VIN' V_ - VIN

3. As no current can
enter V_and from
Kirchoff's Ist law,

T.-L,.

4. T, = V/R;
5. ;= (Vour - VIn)/Rz => Vour = Vin + IR
6. Vour = TiR; + IR, = (Ri+R,)I; = (Ri+R)Vn/Ry
7. Therefore Vot = (1 + R,/R )V

45
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OPAMP: VOLTAGE FOLLOWER

Vin

V+ = VIN'
By virtual ground, V_=V,
Thus V ;= V.=V, =V Il

I Vout

So what's the point ? The point is, due to the
infinite input impedance of an op amp, no
current at all can be drawn from the circuit
before V. Thus this part is effectively
isolated. Very useful for interfacing to high
Impedance sensors such as microelectrode,
microphore...

47



I Khuéch dai theo - Mach dém ( Buffer) I

v
" ® \ Vaut
/ | ﬂ

Vi %:vi

R.=0>Av=1>> Vo=V

48



4+

o

4

o S—17
de}a o

=
!___..--""4
(L

Mon-inverting amplifier

4+
Inverting buffer 3 "%_4'&?-...___1 & .
BASIC e =R \
OP-AMP —— i

STAGES Inverting amplifier




MACH LAM TOAN — M ACH NHAN
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Ap dung nguyén ly cténg chat, cho:

g

VWA
Vina HT&
O_\AM_
1 ’ B Vau!
Vi H”) \ * 0
L

51



52



Néucd: R=R,=R;=R, thi:

Vo="Re (Vl + V2, VSJ = —&(V1+V2+ V) =K( Vit Vot W
R R R R

53



—

Yo
R, t
1y =0 —AMWW— ¢
=0

(b)
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If:I1+I2+...+In
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TACH TRU - MACH KHU ECH PAI VI SAI

56



\CH TRU - MACH KHU ECH DAI VI SAI

Theo nguyén ly cléng chat ta co:

Ry

(a)
R, Ry
N 1 ANV
- R, ! i:n»- R, Vit i,..
" o—ANWNY - =
Vol Gl ’ 0
MAN . + Vo —AWN——— +
J— Ry 0 R 0
Ry Ry
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A\CH TRU - MACH KHU ECH DAI VI SAI

Ap dung nguyén ly clong chat:
 Cho V, =0, tin higu vao la V, va mach la mach khuech
dal dao, nén ngo ra cho b1 :
R F

V o2 = — V 1 (1)

1

* Khicho V, =0V vatin hi¢u vao la v, va mach la mach
khuéch dal khong dao, nén ngo ra cjho 61

A R RARTR
* Vay:

Vo:VQ1+V02:(1+REj( i jVFR Vo= kM~ kV
RARTR R

58



A\CH TRU - MACH KHU ECH DAl VI SAl

Taco V, la hiéu so V, va V..
e Néuchon R,=R,, R-=R;hay:
R+ R-= R,+ R; thi ta dwerc :

( _|_R
Vo= R Fj( Rs jvl—&vzz—avl——szz

. R Rt R R R R

:&(Vl_VZ)

R|
e Néu cod thétm R =R, ta duoc :
VO = Vl o V2

59



A\CH TRU - MACH KHU ECH DAI VI SAI

« Mach khuéch dai tr ir con dwoc thwc hién nhw sau:

Vo==(VoatVoy)= (RFvl &sz
R R

e Néu chon R, =R, =R ta c6:
VO :Vl V2 60



e Taco:
dgq =  dt -
dg=Cdy=Cdy, 2 1-=Cdy/dt (1)

Mat khac : i=-ic vai=v,/ R (2) - Thay (2) vao (1):

=Ri=-RCM = = _R—lc j vdt+16(0')

at

61
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MACH TICH PHAN

e S0Ng sin> sdng cosin va ngyc lai
e SONg vuong> sdng tam giac

LT
VNV

63



CF
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MACH VI PHAN

e Theo trén ta co:

dg = C dvc = CdVi

dg=undt - 11=Cdvi/dt

va i=1F=-Vo /R>
R

o

I F

C p- Amp3

V‘ﬂ%'ﬁ

dV,
- —rc&Y:
Vo dt .



RF

- 66






e S0 sanh khonglao So sandio

o tVs o+Vs
Vr ef Vi
SO ) o .
Vi }/ Vo Vr ef - Vo
O. vs O vs
VO
SSdao V%at SS khodap

Vi< Vref Vref Vi>Vref

-\Visat

Vi =(Vs-1)V .



Vi du: Dang song ngd ram ach so sanh khong dao v&itrisov

ref

khac nhau
Vi Vi

.
1

VO VO
Vsat— .. L Vsat e
0 t 0 {
-Vsat - Vsat

Analog ->Digital 69




OPAMP: COMPARATOR

vou’r:A(vin - Vr'ef)

Vref 4>
| Vout If V>V e, Vour = +oo but practically
Vin —+ hits +vs power supply = V.

If Vi<V e, Vout = -o° but practically
hits -vs power supply = -V,,

A (gain)
very high

Application: detection of QRS complex in ECG

o=

VREF |

VIN

70



Mach trigger Schmitt - Mach so sanh té
« Mach c6 h oi tiép dwoeng

R/ / R2
TV v
Vr ef

e VS boooo e
+Vref /\\ //A\ =VOR1/ ( RL+R2)

0 K : ot
-Vref \ / \ /

VS‘:"i----------M---i --------- .,\_/

VO i |

Vsat ' I

0 1 - Vref "+Vrgf
-Vsat + < \ s

- Vsat n



MACH SO SANH

 Thi du: Chuyén doi twong tw sang $- ADC

Vi Vi
Vsat ! VO 4 VO

+Vref |, vﬂ \My "vl
0 V\V t 0 \“w VI/ t
Vref \1@%/\ N\ﬁ/ 1\I\VAW /\fM

-Vsat

a. co chu trinh & b. khdong cé chu trinlé tr
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o Xét mach:
* Hoat dong theo tinh cach m ach so sanh : ngd ra m ach
chy én trang thai khiv .+ va v;- thay doi, chp

I\/|| - N RZ |Vsat| k| Vsal

Vo ! _'|> ’
/ v -

.
“

L 4
L 4
.
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T ———
e Tinh chu K daodong:
Tu pheong trinh t1 nap cho:
v, (1) = Vs = (V5= (-kvg) &/F¢

Ve (T) = KV, = Vg— Vg(1+ K e¥Re
Vg (k=1) = =V (1+ k) e™/RC

k_l_ -T,/RC

——=e

kK+1

T,= RCIn X1 - R(Jn( i j:—R(In( ~R j
k+1 2R+ R 2R+ R

T, = RCIn 1+%g
Vi ly do d6i xang ta ¢o thi gian T, = T,, duoc:

T=T+T, ﬂRCln(h%j



*MACH TAO BIEN THE THAM CHI EU
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Ry=200.0k R;=067.806kQ
MWW———"VWWN
ks

R;=T4kQ
Vo= 10V
R; =252 kQ) i
—f—
L ip=0.25 mA
+
‘:’S? 'I'j =56V +
= R;=187kQ
R, =200 kQ oo | B=15x0
- AN
R; =19.62 k{2 Yo
MM
: Ry=200kQ | pi-15KkQ
Ry=200(1 +6) kQ Ry = 200 kQ AV 3
ER;, = 187 kQ
" =

79



®.MACH CHUY EN POI THE - DONG
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*MACH CHUY EN POI DONG — THE
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PHAN LO Al OP AMP

1.Nguwn thé kiem theé - VCVS (Voltage controlled voltage
source)déy Ié\ mach khiechdai khongdao dau.

2.Khuech dai truyen dan - OTA (Operational
Transconductance Amplifier): #¢h chuyn doi the

than
3. Khuec
Amp
Amp

n dong.

ndal dong vi sa CDA (Current differenc
ifier) — con g)l |a Mach khiéch dai dong (Norton

lifier)

hay ngén dong kém dong-CCCS: 1a acth

chu;én dol dong sang dong.

4.Nguwn thé kiem dong- CCVYCurrent controlled voltage
source) - hay mch khiech dai truyén tro
(Transresistance Amplifier): lagoh khiéch dai d6i dau.
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PHAN LO Al OP AMP

e IC khuéch dai thuat toan pho dung: uA 741,
| M358, TLO62...TLO82,TL0O84...

e |C so sanh ( Comparator): LM393, LM111,
UA 710, uA 311,TL372, CA94, HA 2111...

e |IC khuéch am tan ( Audio amplifier): Tién
Khuéch dai: BA 382, AN7310....

« Khuéch dai cong suat ( Power Amplifier):
_M380, LM386, AN/7116, 7130, LA 4002...,

uPC 1270, LA4440, STK 0040, 0050, 0080...

« IC 6n &p ( Regulator IC): LM 78xx , 79xx, LM
340XX, LM320 XX, LM 317, LM337, uA 723...
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