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Mach khuéch dai thuat toan
(Operational Amplifier)
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LM 741
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Op-amp (Operational Amplifier)

Op-amp (b6 khuéch dai,thuét toan) la linh ki€n/mach khuéch
dai sy khac biét dién thé gilra hai ngo vao

+V

Hau hét Op-amp hoat déng ° -
VO pguén dc}i xrng. Ky hiéu
ngudn cé thé bo qua trong so 1

doé mach.
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Inverting \
: - o—-
input
Output >——-o0
Noninverting
- + o—+
input /
o)
-V
(a) Symbol (b) Symbol with dc supply connections

S - &
N 1 1
8 20
1
DIP SMT SMT

(c) Typical packages. Pin 1 is indicated by a notch or dot on dual-in-line (DIP)
and surface-mount technology (SMT) packages, as shown.
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OP-AMP ly twéng OP-AMP thwc té

Do lgi dién thé vo han . D6 lgi dién thé 1&n nhwng hiru han
Tré khang vao vo han - Tré khang vao hiru han

Tr& khang ra bang 0 - Tré khang ra nhé nhwng khac 0
Bang thong rong vo han . Bang théng rong gidi han

Do léch dién thé vao bang 0. . Do léch dién thé vao khac khong.
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Hé qua
Ta hay xét ti€p ciac hé qua cia nhitng gia thiét ly tudng dé. Cac
hé qua sé dugc xét theo cung trinh tu nhu cac gia thiét.

1. Gia thiét trd khiang vao vé han suy ra rang khéng cé dong
nao chay vao hoac chay ra khéi dau néi vao nao cua op-amp. Nhu
vay, khi mac mét s mach ré vao mot diu ndi vao cta op-amp thi
co thé€ ap dung dinh luat dong Kirchhoff cho nit ¢6 lién quan, song
cd thé gia dinh dong zero cho dong dau ndi vao cia op-amp trong
trudng hgp ly tudng. : :

2. Gia thiét tré khdng ra bang khong suy ra rang dién ap v_ &
dau noi ra khéng duge thay ddi khi tai thay déi. Khi d6 op-amp ly
tudng tao ra cliing dién dp ra khong phu thuéc vao dong rit ra tai.

3. Hé qua cua gia thiét thi ba la quan trong nhit va duge thay
r6 nhét bang cach trudc hét gidi tim v, & (2-2). Ta co:

.U
+ - o
v = U “l =

A

(2-3)

Bay gi¢ hay xét giad thiét tong quat radng mach can quan tam
hoat dong ¢ ché do tuyén tinh 6n dinh. Nhu vay, v_ phai la dién
ap h@tu han, ma déi véi phan 16n cic op-amp tin hiéu nhé nd co
thé dudi 13V hoac gan nhu vay. Khi A>« trong (2-3),

v
=lim —=2=0
A->w A

limv

A->w

(2-4)

trong dd v  la hitu han. Ké&t qué dé cho thdy ring dién dp vi
sail tién toi zero. Hé qua tuong duong la:

(2-5)
hoac P =y (2-6)

nd cho thdy rang dién dp J hai dau néi vao bi budc phdi
bang nhau ¢ gidi han. '
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Tré khang vao va ra
_ 8

N
é E]Q/ [37 i

Re=2kQ) Amplifier 1 mplifier 2
R R;=100kQ
RD m‘ZZkQ RourZZQ
A4,,~40dB B
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L M 74 1 Khuéch dai vi sai
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Cac ky hiéu dung trong mach

V,: dién thé vao & ngd vao duong (+)
(co thé ky hiéu v, , v*, vi -+, v, *)
v,: dién thé vao & ngd vao am (-)

(c() thé ky hiéu v_, v, v, _, v;")

Vo, dién thé ra
(c6 thé ky hiéu v,)

I,: dong dién vao ¢ ngd vao duong (+)
I,: dong dién vao ¢ ngd vao duong (-)
I, dong dién ra

(c6 thé ky hiéu i)

V¢c: nguon dwong, VD: +15V
Ve ngudn am, VD: -15V
( d6i khi ky hiéu —V.)
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Mach OPAMP Iy tuéng

Inverting input

(Power-supply
common terminal)

-
/_io
T

Noninverting input

Vo, = A(vp -V ) =A(v, -V,)
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Pac tinh chuyén dién thé cia OPAMP
(Op-Amp Voltage Transfer Characteristic, VTC)

Co ban thi OPAMP la m6t
bd khuéch dai vi sai

<— slope = A >>1
>Vig = Vp—V,

“negative saturation”

Regions of operation: “lihedr”
=A (vp—vn) =Avyy
A 13 hé s6 khuéch dai vong hé (open-loop gain)

e Trj s6 dién hinh: V_.< 20 V va A > 104

CC —

e Trong vlng tuyén tinh (linear region), v,

Khoang tuyén tinh(linear range): -2 mV <v, = (Vp =V £2mV

o Do hé sb khuéch dai vong hé rat Ién nén V, va v, bugc phai gan
bang nhau dé& mach khuéch dai tuyén tinh

Vo2V,
(S& c6 duong ndi tat FETEiAhai ngd vao)



Mach khuéch dai dao

R, facilitates “negative

EEH feedback” —
R, regulates level of Rz
this feedback ANN-
R,
o—AN—+ 3

I ) -0

Uy 9
Y0
— =" non-inverting input is '-_;."

grounded
source is applied to

inverting input FETEL 2021



>
AN~
/
1 N Rl
NN—e
O l 3
+ o)
Uy 9 i
Vo
virtual
ground virtual
O ground
i V,..)— (V V,. — Vv - -
L, = Vi) — (V) == Vou = (V1) —(LR;) =—1,R,
R, R, R
VAo = —&V
Out In
FEFEL2621 Rl

14 solution



BT: Tim lai cdng thirc néu A hiru han

vV

— Out
(;A<a>__
/:27//7!

non-ideal gain ideal gain
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Mach khuéch dai khéng dao

R,
~AMA—
Ll

—\/

il




i s +

— _ RZ
V(—) VIn VOut R1 n R2
Vou _RHR, . R
In RZ RZ
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Mach dém Buffer / Voltage-Follower

- O—0 O
oy +
e o+ Uy 1 X Uy Up

U() — UI =
Ul<:i O I O

(a) (b)
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Trwdng hop tong quat (tré khang phirc)
B

Z4
Vc:ut
Vin () 5

= Tong quat: do loi dwoc tinh bang ti sO céc tré khang.
Pién tr& >Z hay bang R
Tu dién > Z thay bang —

jwc

Cudn day = Z thay bang jwL
1
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Mach cdng dién thé
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Mach céng dién thé (TT)

R, R,
MN MN
R,
U O M S Rh
R. A R
Uy y 1z R3 Yo
U, O—— AW 2
R,
— Uy O 'A% B—

o =) ) () v, ()
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Mach trtr dién thé
2

Theorem of linear Superposition.
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Viét biéu thirec v,

Rz

R, Voo =—— V1
7-'“ e R
1

+

(a)
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Viét biéu thire v,

R;
AV
R 1
W 57
3 R3 U
U +
R,
%"‘ (1+RZ)(R R Vi
(b)
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Mach tich phan

1| s +T
B
=
i
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Mach tich phan

e iy R A o)
Ié VYV R { X+
+
|
Vi Y AOV —O _CVD A
p-amp v,
r+ v ) 4
v.—0 v Cdv dv v, dvo
i = +—=-+ I = c=—(C—2 — = -
R R ¢ dt dt R dt
dv,
1 t
v, o=
FETEL 2021
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VD: Hay vé dang song ra

vi(V)

A

: o v R=100ka ©F10HF
0 » 1(s)
—1 B Y;
I >—c o
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BT. Hay veé dang song ra

A
’ v, R=100kQ ©=10uF

4

1
v, = “rc )i
0

RC = (100 kQ) (10 uF) = (100 x 10°Q) (10 x 10 °* F) = 1s
t
= — Jvidt
0
FETEL 2021

1 |2 [3 |4 VWV [ |
0 > 1(s)
. >—lvo
v |_7




Bai tap

=.

Cau hoi:
C 1. Dién tr& R, co tac dung gi?
2. Vé dap wng tan s6 cua mach?
D.C. Voltage Gain, (Av,) = -%
1
A.C. Voltage Gain, (Av) = - Ry X L
R, (1+2nfCR, ]

:Ul]ﬂ
I

4

)

—I |— N -20dB/decade
N, R
Vin @V - v
out

A ID f\ 0 Frequ:la_gcy

5 L,

CR;

C
Ov | 2
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Mach vi phan

dv;
dt

Vo(V)

0.2

> 1(s)

VA ip = R0=—ﬁ and v, =v,-0=v,

|ic " d d

- Vv V-

= C C :C 1

’ é A | fe dt dt

Op-amp —V, v o,

> R T a

dv.

? vo = _RC 6;::

Hay vé dang séng ra & mach bén dwai: . ’

V; V;

v, = —RC = =—(100kQ)x (10 pF) —*

Vi(V) o dt ( ) ( !J ) dt

10 WF 100 k2 _ 3 o dv

vi._l —(100x 10" Q)x (10x 10 " F) 0"

1 R

c ~ 0->0.2s y

dv;  (1-0)

0 > = SN =_5V
o2 t(s) il Yo dt =02 °
(i) =

' 0.2s> v,=0 .
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Dang song vao/ra trong mach vi phan
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B

al tap

w:\,%qn I >;0’DL
“Wout
f{-

—o
I
g
i—e l

Thém dién tr& R, va tu C; vao mach gay ra hé qua gi?
Hw&ng dan: vé dap wng tan s6 cua mach
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Mach so sanh
Ilg!l

Ngwdng so sanh: OV

Ngwong so sanh: Vgee ~Voumay —
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-5V

(a)

VREF =

V.

A

S5V

1.63 V

n
A

R
R + R

(+

V)

1.0 kQ

T 82kQ + 1.0KQ

V
A

+12V

out |

b |

—12V

\
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Schmitt trigger

Mach co hai gia tri nguwdng
upper trigger point (UTP) va

V'n O———— - .
lower trigger point (LTP)
V()l!f
2
* Vurp = ————(+V,

§ R, uTP Rl + Rz( out(max))

g 2
VLTP = M(_ Vout(max))
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+V

out(max)

in
\ /

+V

out(max)

VUTP

%

— Vout(max)

— — |
- - in I '
|
|
VITP‘___T _______ N N -
+Vr1m(mu.\') |
, |

+V —_— —
VL'l'P\ ,"

oult(max)
N

-V

-
out(max)

Vi _an(mu,\')
LTP
Vv

— Y out(max)

Mach c6 wu diém chdng

nhiéu tot.
= thé nao dén kha nang chong

FETEL 2021 hhiéu?



Mach OPAMP khong Iy twéng
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OP-AMP ly twéng OP-AMP thwc té

Do lgi dién thé vo han . D6 lgi dién thé 1&n nhwng hiru han
Tré khang vao vo han - Tré khang vao hiru han

Tr& khang ra bang 0 - Tré khang ra nhé nhwng khac 0
Bang thong rong vo han . Bang théng rong gidi han

Do léch dién thé vao bang 0. . Do léch dién thé vao khac khéng.
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Schematic

Non-inverting

»— 1 Inverting

Offset .
null

P F
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Mot s6 tham sb chinh ciia OP-AMP

I S

OPEN- INPUT INPUT
LOOP GAIN- OFFSET BIAS SLEW
CMRR GAIN BANDWIDTH VOLTAGE CURRENT RATE
(dB) (dB) PRODUCT (mV) (nA) (V/ps)
OP-AMP (TYP) (TYP) (MHz)(TYP) (MAX) (MAX) (TYP) COMMENT
ADBS009 50 N/A 320! 5 150 5500 Extremely fast, low distortion,
uses current feedback
ADSO055 82 71 5 1200 1400 Low noise; fast, wide bandwidth;
gain flatness 0.1 dB; video driver
ADA4891 68 90? 2500 0.002 170 CMOS—extremely low bias current,
very fast, useful as video amplifier
ADA4092 85 118 1.3 0.2 50 0.4 Single-supply (2.7 V to 36 V) or
two-supply operation, low power
FAN4931 73 102 4 6 0.005 3 Low-cost CMOS, low power, out-
put swings to within 10 mV of rail,
extremely high input resistance
FHP3130 95 100 60 1 1800 110 High current output (to 100 mA)
FHP3350 90 55 190 1 50 800 High speed; useful as video amp
LM741C 70 106 | 6 500 0.5 General-purpose, overload
protection, industry standard
LM7171 110 90 100 1.5 1000 3600 Very fast, high CMRR, useful as
an instrumentation amplifier
LMH6629 87 79 8003 0.15 23000 530 Fast, ultra-low noise, low voltage
OP177 130 142 0.01 1.5 0.3 Ultra-precise, very high CMRR
and stability
OPA369 114 134 0.012 0.25 0.010 0.005  Extremely low power, low voltage,
rail-to-rail.
OPA378 100 110 0.9 0.02 0.15 0.4 Precision, very low drift, low noise
FETEL 2021 OPAR47 110 98 3900 0.1 42,000 950 Ultra-low noise, wide bandwidth
amplifier, voltage feedback




"o |CMRR
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Cac dang tin hiéu dwa vao

Single-ended differential mode (tin hiéu vi sai “d4u don”/ mét dau vao): mot dau vao

O
dwoc ndi dat, tin hieu dwoc dwa vao dau con lai.

|/ |
= Figure (a)

2

Vinz b&
Figure (b)

[ B

3
4

Vo1
Vo2

= -
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o Double-ended differential mode (tin hi€u vi sai co hai dau vao): hai tin hiéu ngwoc pha
dwgc ap vao hai ngd vao. BKD khuéch dai sy khac biét gitra 2 tin hiéu.

FETEL 2(

V.

. | Diff-amp |
f@+ - —
SO |
— 2 2

- ‘.Vm:
(a) Differential inputs
| Ditf-amp |
L 1 —O
aF O
J:_ C 2 2

(¢) Outputs due to V;,

Viat

()
L 7

Dift-amp

(b) Outputs due to V;,

in2

Diff-amp

(d) Total outputs due to differential inputs



Vrfmf ‘
+

Tin hiéu “Double-ended
differential mode” cé thé biéu
dién bang mét ngudn don nbi
gitra hai ngd vao

V(‘)uf Q
+

FETEL cv-.




Tin hiéu ché dé chung
(Common-mode signals)

Hai tin hiéu giong nhau
dwoc dwa vao hai ngo vao.

Thuwong tin hiéu chung (common-
mode signals) bat nguon t nhung
nguon tin hiéu khong mong mudn,
ching anh hwéng dén hai ngd vao
theo cach thirc gidng nhau (i.e.
nhiéu) = can phai loai bé & ngb ra
clla mach

FETEL 2021

N

o

_@_%
T~

= = Figure (d)

Vo1=0

Voo=0




Diff-amp

(a) Common-mode inputs

Diff-amp

(c) Outputs due to V;,»

FETEL 2021
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%

ourl

out?2

";ml .
1 Diff-amp |
r@—o— - o
Oo0—1 +
L ; —
(b) Outputs due to V,,
1.-‘m| i
1 Diff-amp |
r@+ - o
_I__®+ + o
— 2 2
sz

outl

out?2

(d) Outputs cancel when common-mode signals are applied. Output

signals of equal amplitude but opposite phase cancel, producing

0 V on each output.



Ti s6 loai tin hiéu chung

Common-Mode Rejection Ratio
-
Tin s6 thé hién kha nang ctia mét bd khuyéch dai trong khuéch dai tin
hiéu vi sai va loai bé tin hiéu chung goi la ti s loai tin hiéu chung

common-mode rejection ratio (CMRR).

A A

«@)° hé s0 khuéch dai vi
sai (d¢ loi vi sai) vong ho

CMRR =

m

A, hé s khuéch dai tin higu

A, = zero v&i OP-AMP ly twong, thuc té thi chung (d6 loi tin hiéu chung)

khac khdng nhwng rat nhé so vai 1

A, khoang vai chuc nghin lan voi cac OP-
AMP thyec té

CMRR = 100,000 nghta la tin hiéu mong muon duoc khuéch
dai Il&én hon 100000 lan so v&i tin hiéu nhiéu khdng mong mudn.

CMRR c6 thé tinh bdngdB ~ CMRR = 20|og(p”<d>]

FETEL 2021 m



" Vf'_a."l n
[ Diff-amp l Diff-amp
- ﬂl If."!.l’f‘] = H 1' -".J”!rl
" I( m 1' -I'.n’.'lll
" Ia m -I..” l.-_u‘ 2
(a)

Differential voltage gain: 2500, CMRR: 30.000.

Hinh (a) single-ended input signal:500 uV rms, common-mode input: 1 V, 50 Hz (do mang dién xoay
chiéu gy ra).

Hinh (b), differential input signals: 500 pV rms dwa vao mdi ngd vao, common-mode input: 1V, 50 Hz
(@) Tinh common-mode gain, (b) Tinh CMRR theo dB.

(¢c)Tinh rms cua tin hi¢u ra trong hinh (a) va (b).

(Drfimams cla dién thé 14y ra vi sai.




Vi du

=e.

Mot OP-AMP co typical open-loop differential gain: 200000,
typical common-mode gain: 6.3. Tim CMRR?

Av(d)
CMRR = 20 log A—

cm

=20log 200,000 _ 90dB

FETEL 2021



Cac tham s6 dong va ap

lgias: DONG phan cwe ngd vao la gia tri trung |+
binh cua hai dbng dc can thiét dé phan cyc hai |BIAS -1 2
ngd vao vi sai. Néu Opamp la BJT thi dé la 2

dong Ig; va lg,.

s:||1_|2|

los: Dong léch ngd vao la hiéu s cla hai dong

phan cwc DC & trén.

Vop-p: dién ap ra cwc dai ( dlnh dinh), tri s6 nay lién quan dén ciu tric

Opamp va dién ap cap nguon.

Vs dién ap léch ngd vao la gia tri dién ap DC can co gilra hai ngd vao
= zoz?e ngo ra co gia tri 0.




Offset Voltage (V)

o Do s bat doi xirng
trén thuc té & ngd

Vaut ‘

/ Actual op amp

R
Vout — (1 + R_z)(vin + Vos)-
1

Q: Dién ap ra bang bao nhiéu khi noi hai
ngd vao xudng dat va vong hé?

FETEL 2021




Offset Voltage

52—

o Nguyén nhan gay ra Vog?

o Do sy bat twong xing Cho V. =0=
(mismatch) & tang visaingd =~
V’éO cua OPAMP. Trén thuwc output  voltage p
té khong thé lam cho hai V.owe = Voo (1+—2j
transistor twong xrng mot #
cach hoan hdo nén chac
chan sé co dién thé offset.

oVos khoang 1mV - 5mV

FETEL 2021
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Offset Voltage

o Phwong phap han ché offset voltage

o PP1: Dung cac chan dleu chinh offset vé khong (offset nulling
termmals) Ddng mot bién tré ndi glwa hai chan (dwoc quy dinh rd) dé
giam thiéu sw bat déi xirng & ngd vao.

o PP2: Dung ghep noi tu (capacmve coupling), moét tu dwoc dat gitra
OPAMP va nguén tin hiéu dé gidm thiéu offset. PP nay cé hiéu phu la
loc bo gia tri DC trong tin hiéu.

dc signals cannot pass!

R, R,
MV AAA
C R,
To rest — — — —O0—— O'—'H——Wv — = L
of circuit i ] —O —o Vp = Vg
A +
- v Offset free
: — p— 0s
Offset-nulling —> - =
terminals ne | ) 1ol NC (a) ®)
OFFSETN1[] 2 o[l NC
IN-[] 3 8l Vec+
IN+[] 4 7[] ouT
Vee-[ 5 6[] OFFSET N2

FETEL 2021

UAT41M . . . FK PACKAGE
(TOP VIEW)



Dong phan cuwc va dong offset
N

o Dong phan cwc (input bias
current) la dong DC can
thiét cap cho cac ngd vao
cua OPAMP. Ly twdng thi
cac dong nay bang 0.

o Dong léch (input offset
current) la hiéu so cua hai
dong phan cwc ngo vao

FETEL 2021



2

bias current
at terminals

#1 and #2 Anh hwéng cia dong offset trong

—Ht

I+l mach Kb khong dao
2

difference
between bias'
(_/%

input bias current: I, =

input offset current: los = Iy —1s,

<

0o=Ink,

resulting output voltage: V, . =R,l,; =R/,

i

Bai tap: Hay xét anh hwéng cua dong
offset trong mach Kb dao.

FETEL 2021



Phuong phap giam dong offset

Nguyén tac: thém vao mét dién tré R3 nhw trong hinh dé cho V,, =0

out —

VO — _IszR3 + R, (131 — 132R3/R1)

Xem nhw Iz = Ig; = Ig,

Vo — IB[RZ _R3(1 +R2/R1)]
Pé Vv, =0 thi
R3:R1// R2

N
R — Rl R2
V&i R; dwoce chon nhw bén thi: 3
FETEL 2023/, =] (R, Rl ™ RZ

<
l|| I &+ l
S

r




M6t cach tdng quat: “ Mac vao ngd vao khéng dao moét dién tré twong dwong dién
tré dc nhin vao ngd vao dao”

R, M
MV G R,
C R, I——W, >
—{—w > - il | >“'_°
b~ © Ry=R,

FETEL 2021




Slew rate (toc dd dap ng)
_ 60 |

Slew rate: 1a toc d6 thay doi cuc dai dién &p ra khi ngd vao la mét tin hiéu
bac (nghia la dap &rng cua mach doi vai tin hiéu bac).

AV
Slew Rate = —ou
At

Vi du: tim slew rate & hinh bén?

| e ——————
+12V)—-(-12V f
Slew Rate = AVou _ ( )=( ) 0 i -t
At 4.0 ps / i
=6 V/},lS i11% _____ | i
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Anh hwéng ciia HSKD vong h& hiru han

(Ag, hiru han)

FETEL 2021



Anh hwéng clia HSKD vong hé hiru han (A5, htvu han)
Mach khuéch dai dao

iz_jl R2 . UI - (_UO/A) UI + vo/A
————AWWA— [ = =
I R, 0 Rl Rl
— v— — I UO
_% +A *—Jg UO:_Z_lle
_: L — U, U, + v,y/A
A R, ’
A=00
A = Vout _ _Rz /Rl _i
cL — o
Vln 14 1+(R2 /Rl) Rl
A
\ v / Cach khac dé dan ra
A= =? cong thiee 1a dung LT hoi

tiép > slide ké tiép
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Phan tich dung ly thuyét hoi tiép am (Negative
Feedback)
63

Ve:VI-Vf — error

Vv, =A(V, -
Feedforward 0 (Vi -AVo)
System
& V,
vz’o—»@—e»‘A ¥; —> A =V°: A
s ™y, 1+ pA
i
/4
A: open loop gain
I Feedback I
Output Port of Network Input Port of V, 'AbL
Feedback Network Feedback Network

v :1+ﬂAOL

Close-loop Transfer Function

(- v h A: d6 Igi vong hd
A = 0 _ AOL L , (open loop gain), Ag,
— | . ~ . Moo g e
FETEL 202 V. l-l-@_ ’oop gain B:do |AC.7I !majch h<?l tiep
\_ ) Ac: d0 lgi vong kin/ddng




RN A _Vour _ —R, /R,
> a=y, 1+(1+(R2/R1)j
[T :
I Trang 131 & 132
R, Vi -t ‘ R V,
R, +R, 9_|_
po—
FETS R +R,




Anh hwéng ctia HSKD vong hé hiru han (A, hiru han)
Mach khuéch dai khéng dao

wr V, = AV, ~V, —)
N R, +R,

+

1+(R, /R,)

VOC:_1+1+(R2/R1)

1| IS

FETEL 2021



Phan tich dung ly thuyét hoi tiép
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V A
A==
CL

V. 1+ BA
v, A
V. Rq
SR

Ri+R;




Cac tham so tré khang

Z ) - Tré khang vao vi sai la tré khang 2 2o
gitra hai ngd vao —

Zinem  Tr& khang vao ché do chung
(common-mode) la tr& khang gitra moi
ng0d vao va dat

Z., - Tro khang ra la tro khang nhin tw
ngd ra cua mach ngwoc vao mach.
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Tré khang clia mach khuéch dai khéng dao

Vf <A BVou
Vin = Vaig + BV
Vour = AoiVair &> Vin = Vaigg + AoiBVayy = (1 + AoB)V iy
Vaig = linin - => Viy = (1 + AyB)yZi,
Vin
Liy

= = 1+ A,BZ, => Zin(NI) = (I + AuB)Ziy
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Vour = AotVa — Zoudour

out

Vd = Vin - Vf V],” O Z()m (NI) = E
- 1
AOlVd == Zoutlouts Vd \ : O V()ur
|
|
— R
Vout = Aol(Vin - Vf) Vf f § :
‘ |
BVour —=> Vi, * :
Rs
Vout = Aol(Vin o BVout) _:
Vom‘ = AolVin T Aoleout
AV = Vo + AyBV, = (1 + AyB)V, . AoVin = (I + AuB)l i pur(Nn
AolVin
= (1 + AyB)Zyuin
out

Zout = (1 + AOZB)Zout(NI)

7 _ Zout
out(NI) — 1 + A lB
0
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Tré khang ctia mach khuéch dai dao

Tr& khang vao: Ry
Ay
Zin(l) = Ri "
/ A - 0V
)
Virtual ground /
(%)

Tr& khang ra gibng =

nhw cda mach Kb
khéng dao:

R,
V.o '|||||I|ﬂ|r
_ Zout . Virtual ground
Z ]

out() — (1+ AO|B) ‘f
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Tré khang (tdm lvoc)
SR

Noninverting amplifier:
Zioowy =(1+A,B)Z,,  Generally, assumed to be «
Z
Z — out
out (NI) (1+ A\)IB) Generally, assumed to be 0
Inverting amplifier:
Zingy =R Generally, assumed to be Ri
Z
Zowny = oul Generally, assumed to be O
(1+ A, B)

Bai tap: Tim tr& khang vao va ra ciia mach dém dién thé
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Nhiéu trong OPAMP

.00
100 mm—— . mas - Nhiéu trong Opamp thwong dugc duoc
biéu dién dwoi dang mot do thi mat dé

nhiéu theo tan s6. ‘ )

- O vlng tan so6 thap nhiéu héng (nhiéu

Hz)

L 1/f) chiem wu the o ,
= 1f region | s - O vung tan s6 cao nhiéu trang chiém
; /\ uu thé. S o

: \\\ WS momse s - Cach thé hién nay la theo "mau” cua
S | B nhiéu, i.e s6 thanh phan tan so c6

3 trong nhiéu, twong tw nhw khai niém

vOi anh sang.
-Chi tiét vé loai nhiéu thi

o1 L L 0 MU do dong gop trong Opam_p cO 5 loai nhiéu:

Frequency (Hz) trong tg“)ng the mét 1) ShOt noise
donhieuctatirng  2) Thermal noise
loai khong duoc liet 3y Flicker noise
ké trong datasheet !

4) Burst noise
FETEL2021 5) Avalanche noise




SNR

73—

Ti s0 tin hiéu trén nhiéu (SNR: signal-to-noise ratio) SNR= Zsignat

Phoise

SNR 5=10log,,(SNR)

SN RdBZZOIoglo(vsignallvnoise)

Phan bo cong suat nhiéu cé don vi W/Hz
> Mat do dién thé nhiéu c6 don vi V/(Hz)Y2 hay nV/(Hz)/2
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Vi du xét anh hwédng clia nhiéu

0 Xét mach bén dudi, opamp hoat ddng trong ving tan sb tir 20 Hz t&i 20
kHz trong viing nhiéu trang. Tin hiéu vao 12.5mV, nhiéu trang %. Hay

, VHz
tim ti sO SNR.
Ry
Wy
1 MQ)
Rin
V,fn o, \
5.0k ooV
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Dai tan s6 hoat dong V20,000 — 20 = 141.4

Nhi&u ngs vao 23}“% X 141.4VHz = 410nV
Nhiéu ngé ra 410nV X (—200) = —82 uV

Tin hiéu ngo ra 125 mV X (=200) = 2.5V
SNR 201log (—2.5V + (—82 wV)) = 89.7 dB

Vi du nay cho ta céi nhin so lwgc vé nhiéu trong Opamp. Chi tiét vé nhiéu kha
phirc tap, sé dwoc ban t&i trong moén hoc khac.
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Tom lwoc cac dac tinh cua Opamp
khéng ly twdng va ly twédng

Ideal Op-Amp Typical Op-Amp
Input Resistance V6 han 10° Q (bipolar)
10°Q - 1022 Q) (FET)

Input Current 0 1012 - 108 A

Output Resistance 0 100 — 1000 Q
Operational Gain V6 han 10° - 10°

Common Mode Gain 0 10-°
Bandwidth VO han H{ru han
Temperature Daoc lap voi nhiét Bandwidth va gain phu thuéc

do

nhiét do
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