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Chapter 4
Khuéch dai thuat toan —
Operational Amplifier (OpAmp)

Ngd vao "khéng dao"
Input 1 +
Noninverting input

Output

Ngd vao "dao"
Input 2 =
Inverting input
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NOi dung trinh bay
* Hoat ddng cua OpAmp
. Hoi tiép cho OpAmp
« Cac théng sb ky thuat ciia OpAmp
« Cac mach rng dung OpAmp

* Vsupply
. +G -
e v 7]
= VoFrF
:
R
Nunl-lnnﬂmng o R
j: "'“'rﬁdpw
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o DPinh nghia OpAmp

Inverting
1nput
Output
Noninverting
input

-V
«  OpAmp = Operational Amplifier (Khuéch dai thuat toan)
« GOm hai ngd vao
— Ng6 vao dao (Inverting input)
— Ngo vao khong dao (Noninverting input)
« MOt ngo ra
« Théng thwdng OpAmp st dung hai nguén (dwong +V,
am -V)
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o Mo hinh cua OpAmp

 M® hinh thyc té ciia OpAmp:
— Tbéng tré ngd vao Z,, rat 1on
— Tbng tr& ngd ra Z,,, nhd
— D6 khuéch dai vong hé
A, =V, IV, ratlon

O

oV, .

« M® hinh Iy twéng (dung dé
tinh toan)

— Téng tr& ngd vao Z,, = = >
dong dién ngovao |, = |, = 0;
VLn+ = Vin-

— Tongtrongdraz, =0

— D6 khuéch dai vc‘Jng h&
A, =V, IV,

O IIl!r.'.'n’.'
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Hoat dong cua OpAmp

« Ng6 ra dwoc khuéch dai ﬁv

cO bién d6 I&n hon .
— Cung pha (khong dao) voi v,

ngd vao khong dao v \/
— Ngwoc pha v&i ngd vao p

dao = f

A
\V

a
|
Av""l
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G Hoat dong ciia OpAmp (1t)

» Mot céch tong quat, hiéu dién the sai khac (differental
signal) gitra hai ngo vao dwoc khuéch dai V,

ﬂvvﬂ"\l : v i ”
- \/ ¥

» Tin hiéu tac ddng giong nhau
(dién thé chung — common
signal) vao hai ngd vao s€ bi -
triét tieu v, A\,

il
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L Hoat dong ctia OpAmp (tt)

— Tong tré ngd vao Z,, rat Ion

— Téng tré ngd ra Z,,, nhd

— D6 khuéch dai vong hé sai biét A, rat 1én
— P6 khuéch dai vong hé chung A, < 1

Inverting
Input

—o o

+ Y -+
Mon-inverting Vs

O
Input =
l 'Vsupp*f
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Noi dung trinh bay

 Hoat ddng clia OpAmp put [ ]

+ M
« Hoi tiép cho OpAmp 1
B |

Output

« Cac théng sb ky thuat ciia OpAmp
« Cac mach rng dung OpAmp

Feedback
circuit

i
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« Khi khéng c6 héi tiép (vong hé& - khdng co lién hé gitra
ngd ra va ngd vao), dd khuéch dai vong hé rat Ion (>
100000), mot sy khai biét nhé & ngd vao cling c6 thé
lam ngo ra bao hoa

+v fffffff )
| mV O—\ -1 mV O—\
/ K / o0
_Vma.a:

(+15V)

i tiep cho OpAmp

V. = +1mV * 100000 = +100V

2> bixeno +V, _ va-V. .,

(-15V)
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o Ho6i tiep cho OpAmp (tt)

» Dé tin hiéu khdng bj xén (khuéch dai tuyén tinh) can
giam do khéch dai 2 hc“),i tiep am, dwa mot phan tin hiéu
ngd ra vao ngd vao khuéch dai dao

\ V~=( ki )V B =N
Viifr = Vf;;Vr‘{ O Vi / R; + Ry . R; + Ry

i / %Rf Vour = Aol(Vip — Vf)
Rf in Vour — Aol (Vin o BVour)
Ad(NI) =1+ E = Vour il AoZBVGHI — AolVin
o VYou 1 _ KT Vou _ Aol
dAND T U= BT R V., 1 + A, B
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L5 6 tiép am, mach khuéch dai khong dao

L
Vdsﬁ V o Vf { ® O Vuur
Vfﬂ @ =
25
Vi
Ri
R
Ayon = ?f +1 L

« Tin hiéu vao ndi vao ngd vao khéng dao
« Puwdng hoi tiép ndi vao ngd vao dao

+ Do khuéch daivongkin , — _ Vou _ 1 _Ri* ks
cl(NI) =

Vw B R

https://fb.comta © Spring 2016 12

BK
' TP.HCM

ELECTRONTE'BDEVACES AND CIRCUIT- Chapter 4



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

deep Sy

« Ng6 vao dao noi trwe tiép ngd ra

1 tieép am, mach dém di€n thé

V,=V_. ,B=1 h
« Tin hiéu ndi vao ngd vao khong Vou
dao 5
Vour Ao[

V. 14+ A,B

« PO khuéch dai |Acwvr) = 1

 Ng6 ra gibng ngdé vao, tré khang
ngd ra nhé 2 tang kha nang cung
cap dong
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L2 Hoi tiép 4m, mach khuéch dai déo

I.
i
Virtual ground (0 V)
Wy “W\-
R - j in
v ‘ A ’ 0V
oMWy T o MW=
Y | Vou R; V.,
: + .

+ Ngd vao khong dao (+) ndi dat

 Ngd vao dao (-) ndi v&i ngd ra bang dién tré R, , noi vOi
tin hiéu vao bang dién tré R,

« Dung mé hinhly twéng !l ., =1 =0;V, ., =V,

o Vﬂ ut Vf Vaur Rf Rf

- = — A_ —_— —
K Ri Vi R b = TR,
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NO1 dung trinh bay
« Hoat ddng cua OpAmp
. Hoi tiép cho OpAmp

« CAc thong so k¥ thuat (datasheet)

cua OpAmp
« Cac mach rng dung OpAmp

 E—
Out1 II 8| Vce+
Int- |2 7] out2
Int+ [3] %E In2-
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1k

DFN8 2x2

MiniSO8

\=
\a
R
RO
TSSOP8 S08
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dce

Datasheet — So dd chan

» Vidu IC LM358: c6 8 chan, 2 khoi OpAmp st dung
chung chan nguén Vcc+ va Vcc-

= ik
Out1 |1 8| Vcc+ DFENS8 2x2
In1- |2 7| Out2
In1+ |3 6| In2-
Vce- |4 51 In2+ %
=

TSSOP8 S08
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Datasheet — Céc thong so giéi han

Absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

uA741 UNIT

Supply voltage V-, 22 v
Supply voltage V- =22 v
Differential input voliage +30 v
Input voltage any input +15 v
Voltage between either offset null terminal (N1/N2) and V- £ 0.5 v
Duration of output short-circuit unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature 500 mW
Operating free-air temperature range -4010 85 °C
Storage temperature range - 65to 150 °C
Lead temperature 1,6 mm (1/16 in.) from case for 60 seconds 300 °C
Lead temperature 1,6 mm (1/16 in.) from case for 10 seconds 260 °C

Nguodn cap toi da £22V (ngudn doi)

Pién thé ngd vao toi da +15V

Dién thé sai biét t6i da +30V

Dong ngd ra tdi da dwa vao power dissipation 500mwW

ing 2016 17
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dee Jatasheet — Thong s6 khi hoat dong

uA741 Electrical Characteristics: Voo = £15V, Ty = 25°C

Characteristic Minimum Typical Maximum Unit
Vip Input offset voltage 1 6 mV
I Input offset current 20 200 nA
Itg Input bias current 80 500 nA
Vicr Common-mode input voltage range +12 *13 \%
Vom Maximum peak output voltage swing +12 *14 \%
Avyp Large-signal differential voltage amplification 20 200 V/mV
r; Input resistance 0.3 2 MQ
r, Output resistance 75 Q
C; Input capacitance A, 1.4 pF
CMRR Common-mode rejection ratio | CMRR = 20 log ( ) 70 90 dB
I-c Supply current Acm 1.7 2.8 mA
Pp Total power dissipation 50 85 mW

« Ap — hé s khuéch dai sai biét vong hd 200vV/mV = 200.000
1, —dién tro ngd vao 2M

e r,—diéntro ngbra 75

« CMRR —tilé hé sb khuéch dai sai biét so v&i hé sb khuéch

dai tin hiéu chung
https://fb.com/taili eudientu
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Datasheet — Thong so khi hoat dong

uA741 Electrical Characteristics: Voo = £15V, Ty = 25°C

Characteristic Minimum Typical Maximum Unit
Vio Input offset voltage 1 6 mV
I Input offset current 20 200 nA
Iig Input bias current 80 500 nA
Vicr Common-mode input voltage range +12 *13 \%
Vom Maximum peak output voltage swing +12 *14 \%
Avyp Large-signal differential voltage amplification 20 200 V/mV
r; Input resistance 0.3 2 MQ
r, Output resistance 75 Q
C; Input capacitance 1.4 pF
CMRR Common-mode rejection ratio 70 90 dB
I-c Supply current 1.7 2.8 mA
Pp Total power dissipation 50 85 mW

« lcc—dong cung cap

+ P, — cOng suat tiéu tan

* Vg — dién thé trén ngd vao cho phép +13V
* Vg — dién thé nguwdng ngd ra 14V
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dcepw?e o A A ~ ~
Minh hoa dién thé nguéng ngod ra

« Gi& tri nam ngoai sé bi xén tai dién thé nguwdng ngd ra

Sldeal output

v,(1) (V)

20 T

SActual output

-12 T

-20 T

r({ms)
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o Datasheet — Thong s6 thudng bo qua

uA741 Electrical Characteristics: Voo = *15V, T4 = 25°C

Characteristic Minimum Typical Maximum Unit
V1o Input offset voltage 1 6 mV
I} Input offset current 20 200 nA
Iig Input bias current 80 500 nA

* V|, — Dién thé sai biét ngd vao can dé dién thé ngd
ra OV, noi ,céch khac khi dién thé sai biét ngd vao
OV diénthé ngdora #0

* |lg — Dong dién phan cwc ngd vao (twong tw dong
|z trong BJT)

Voutierrory = AyIos Ry

.|r| + f:
Igjas = ~

* |, — Dong dién sai biét ngdé vao, la sy khac

nhau cua hai dong phan cwc ngd vao
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NOi dung trinh bay
« Hoat ddng cua OpAmp
. Hoi tiép cho OpAmp
« Cac théng sb ky thuat ciia OpAmp
e Cac mach irng dung OpAmp

Ry=270 kL) Ry=270 ki) Ry= 270 ki)
W ATAY A | AP |
+10V 5. | " |
- @ POAAA e o AN — |
@ @ 15 k2 @ | 10 ki) @ @ :
I | - 2 bl 3 =~y
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dce ,
Mach so sanh

S0 sanh dién thé ngd vao
tao ra ngo ra hal muc:
— Vout = Vmax+ khi V+ > V-
— Vout = Vmax- khi V+ < V-

« Tinh chat hé s6 khuéch dai
vong hé rat Ién = Vout luén
bi xen

VReF — + § Ry +
@ Fm @
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=V out(marx)
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Mach so sanh — bi nhiéu (tt)

.  Xet tin hiéu ngd vao
= bi nhiéu
Vi ' ! DY
—1 « Sinh ra nhiéu xung

khong mong mudn

N\M\j\ ) ngd ra > lam sao dé
IL." ﬂ ﬂ.ﬂ ﬂ n - ] >

o HWH loai bo?

|

! o il

! !

“Ymax T
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dce . ? A & 1
Mach so sanh — khtr nhiéu véi hysteresis
y

f
« Hysteresis:
, J §
— dang & 0 muén lén 1, ngd vao !
phai I&n hon muirc 3
— Pang & 1 mudn vé 0, ngd vao o« 0 B X

phai nhé hon mirc a

Vays = Vure — ViTP

1!.'.!! o] - Rz
V. Vure = mﬁﬂu,[m]) Vire —J\P[\L\qyl; _____
|lll'l'.' ﬂ 1 - lr
§ 1 LTP R, + R, out(max)) V., — — ———— - 8
|

: ] + vr:-rrr{mu.ﬂ

§ R3 _vaur{mu.r}
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o Ung dung mach so sanh

« Mach bao vé qua nhiét (twong tw mach qua cuwong do
sang)

Wheatstone bridge

Rl@ R, §

Thermistor

Relay
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Ung dung mach so sanh (tt)

 Mach bién déi ADC S
X R OIMparators
(two’ng tUJ Sang SO) I.|.1.|]l.]':'_-:I:";= B }
R %
ol nen
— Lo
()
) T \ :::j; E?:Hinar}'
/ i3 Du_ﬂumpu:
1)
R’ —+ (1]
L]
. ]+ ) ‘L
>— Enable
- input
R \\\
/
R
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IC 555 — CAu tao

Ve
&
(8)
Ry
§ sk Upper
6) comparator
Threshold © +
Fli
Contral _ (3) _ p-flop
voltage R
3
Rg Lower (4] ) Output
5k comparator ¢
+ Output
by buffer
Trigger © 2) =
Discharge
Discharge o () path stor
b k. Q4
5k
(1) 4)
o o
Gnd Reset
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IC555 — Mach tu dao dong

'H 'H
Duty cycle = (—)100% = ( )100%
T +

(]

mp T 1L
+Vec (R + R,
r_h . _'I,[E] Duty cycle = (R1 n 2R2)100%
T Sx, 555
T (6) A
T
1.44 I ) i}
Jr = R+ 2R)C R
1 2/ ext T§R] Rs 0 (3) V.
£l - s
ty = 0.694R| + R)C,y 5T : E'ED DG C!}_
Ho ) . OJ01010
T Jun off unL
(7)
oo |
T 2
!

-——

Cé"

|
®
|@

=

(4)

Q4
-— - -
Re Discharging
_¢
¥
(1)

A
A

% V
+Vic

[0)O
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[C555 — Mach tré

Vce (+5to+15V)
] Trigger
7 Vee __LL _____ Pulse
8 4 E‘u’
3 VEe _7‘ Capacitor
R2 R1
555 "ujDJlLtage. Ve
Monostable ]
7 Monostable
om Output
3 (] s— - t
6 ouT -
1 I' _________ |
— |
. U ) 't=1.1R1C1 !
* IE 2z - —— ===
Megative

Trigger 'start - 5 1
Fulse ®
Cl e [VE p—
0.01uF
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