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Chwong 8. Mach IC

|.So’ lwore vé mach IC

Vi mach gom nhiéu linh kién t6 hop
dong goi chung trong 1 vo , c6 mot
hay nhieu chwc nang

Wu diém:

- Po tin cay cao, hoat déng tot

e Do khuéch I&n , mat do tich hop cao

e  Cong suat thap

- Dé lap rap mach

o Gia thanh ha



Phan loai IC

Co6 nhiéu cach phan loai :
« Theo ché tao:
- Don khoi, don tinh thé
- Mang mong ( thin-film)
- Mang day ( thick - film)
- Mach lai ( hybrid)
 Theo nhiém vu:
- MGdun
- Mach chure nang



 Theo dang tin hiéu va cach xuw ly:

- IC twong tw ( Analog IC)

- IC so ( Digital IC)
 Theo mat do tich hop:
» 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 (ultralarge --): 100.000 hay hon

Thi du:

AMD K6-1ll gom 21,6 triéu transistor / chip

Pentium IV gom hang ti transistor
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ll. IC khuéch dai thuat toan — Op. Amp.
1. Cau tao va dac tinh
a.Cau tao. Gom nhiéu ting ghép chudi :
- Khuéch dai vi sai

Khuéch dai don

Mach dich mirc dién thé DC

Tang cdng suat

Nguon 6n dong, mach bao vé

KHDVS

Tang dau

KDDT

ICH MUC

tang gitra

KBCS

tang cudi



So do khoi

Op.amp. thwéng dworc biéu dién:

V+ $

i
U ALY

Mach c6 2 ngo vao ngwoc pha nhau

* Ngo vao + cho tin hiéu ra v, dong pha vo&i tin
hieu vao v,

* NgO vao - cho tin hiéu ra v, ngwoc pha voi
tin hieu vao v,




=Mach dwoc cap dién bang 2 ngudn dbi x&rng

V+ =- V-
hay Vee = - Vee
1L’Z:c-l—
Oe
v+
input é .
ry

output

P\/ﬁ
/| Lo

¥

Uy ::.|.\\
il
e




Mach twong dwong

a1, ,
£ LA H.ﬁ'l

vy — V- = Hiptin

Vout =— A{ﬂ+ — ﬂ—} — toutdlout



* Op.amp. ly twéng coé dic diém:

e A = large
R i R;, =~ large
R o ~ O R-OIJ'.’E‘ ~= Elna‘ll

* |IC Op.amp. thwec te:
LM 741, LF 358, TL062, TL082, TLO84.
LM 741 co:
Ri =1 hay 2 Mohm
Av = 200.000 hay 106dB
Ro =75 Ohm



Pap trng tan so

Av(dB) 4

100 ~
80 —
60 —
10 —
0 _|
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Cffset
Pl

Iy erting
3
k-

Inverting
InpaLit

Megative
=gy

LMV 741

[Pl _
connection

Fositive
=Ly

Ottt

Cff=et
Ml




« LM 741 loai vo 8 chan:

8 NC ] No connection)

Offset null 1
Inverting input 2 | 7 V+HL—
Noniverting input 3~ | 6 Ouput
V-4 | 5  Offsptnull
+15 'V
8 7 6 5
1 T 1 1 I 2 \:\?
}Emut
) LM741 q
. —/4

15V




lin

So do IC 741

Op-amp model

vt O
+
Vin
v O
Inverting
inputin -~ — o
Noninverting
input in +

Output

1C op-amp diagram

O Vs

Positive
power supply

- V¢
Inverting input
Output
o—] p
Noninverting input ~
Vs
Negative

power supply
Simplified circuit symbol

Offset null No connection
Inverting input

Noninverting input Output

Offset null
—

Integrated circuit operational
amplifier (IC op-amp)



Schematic diagram of Im741
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Inverting g |
input I

S

T
0
=

Noninverting
input

Offset
null

S0kQ 2 100 Q 0 kL2
+ - - * + +—0 V-
Gain stage Output stage

|
|
|
I
|
|
Ry= 2 Rg= IQEA §R11=
|
|
|
|
|

A
k|
A
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iModern OpAmp IC -~ 1995

VR B BURURURCRC AT
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b.Tinh chat op. amp.

Op.amp c6 2 cach khuéch dai vong hé
(1). Cach vi sai ( diffential mode)
Tin hiéu vao tac dong vao 2 ngo vao goi la dién

thé vi sai
Vig= V" -V

Pé loi thé cach vi sai:

} Uit
107
v1-

c6 tri sO rat lon, thworng s dung .

v



(2)Cach chung( Common mode)

Vi Tv

c6 tri rat nhé. 0
Hé so truat thai cach chung: -

Avd

CMRR = £ = 20log (dB)

Avc

Co tri cang I&n , Op.amp cang tot ( 741 1a 90dB)



Két luan
« Trong 1 Op.amp thwc té bao gi® ciing thwe hién ca 2
cach trén cung 1 luc, ta co:
Vo :’Avd Vig T Ay Vie = AgVgt AV
hay viet lai :

Vo, AdvdLI

)

V.
CMRRVdJ

Tin hiéu ra c6 ca thanh phan cach vi sai va cach chung

, nhwng vi CMRR rat I&n, nén dién thé ra gan nhw
du’o’c cho boi_tin hiéu cach vi sai, con thanh phan
cach chung gan nhw bi loai bo. Day la wu diém cua
Op.amp (mach KBVS) trong viéc phat hién tin hiéu
rat nhé ( trong do lwdng, y khoa, sinh hoc...)



2. Pac tinh cua Op.amp
a. Dac tinh ky thuat

Table14.1 Nonideal parameter values for three op-amp circults

UIE CA3IO LHOMC

Tp. Maw  Unt Ty Maw Ut Ty Max Uil

[t offset vollage (1 T | R A | A R | |
Average imput offset voltage dni AR Il v/
[t offsel currea 1 N N U (A T | N . W A
Average imput oflsel cureent el 05 0AC

[t bias curren o0 o 0% pA 2 U A
dlew rate 0] Vs 9 Vs ] Vs

CMRR 43 B W (. il




b. Pac tuyén truyén cua Op.amp.

+ Do A, rat I&n, nén tin hiéu ra V, rat I&n khi
khuecdh dai vong hé -2 V nhanh chong dat tri
bao hoa khi Vi co bién do rat nhé vao khoang vai

uvVv.

+ V&ilC 741, c6 A, = 200.000 va dién the ra cuwc
dai V. = 13V ( cap dién15V thi V... bang:
V,=65uV

V +13V

omax

f— V omax — 13 _ 65ﬂv :
W el N = v
Avg 200.000 Vid Vrief

> Vref

————t Y-

- Vomax :
-65uV + 65uV Vid

- 13V



Op. Amp ly twéng

Vo k

=]=2V
V+ ______ i__
1‘
_ Slope =4,
® -
R (2-m)
ﬁ%ﬁ“’z M) |
- TEyT T T T V-
T
=]-2V




Tin hiéu ra bi xén ( cat)
oulpul voltage

+15F

saturation characteristic waveform clippang



Pién thé va dong dién Offset

Dién thé offset ngd vao V., : 1a dién thé offset
ngd vao khi ca 2 ngd vao déu 0V lai cho ngd
ra 1 dién thé khac khong goi la dién thé
offsetngdora V=V, (IR, + Rp)/ R ].

*Dong offset ngo vao [, : Khi dong phan cuc
2 ngd vao bang nhau ( nhwng khac dau) lai
cho dién thé ra khac khdng goi la dién thé
offsetngdora V6 = | R..

Dién thé offset tdng cong :

VooT = Voo( do Vio) T Voo ( do Iio)



Po dién thé offset

™
/v

Vo=AvViox O

RF

|_

o)

— 1 Vo
BL
1
IB2
RF
| I
— ]
RI
0 = KVio=
io( RI+RF)/RI




Mach trw offset ( offset null)
* Op.amp c6 mach trwr offset bén trong (u741)

—AANAN—
v L
RI 5 7 o

o —_ o
V1

3 4 5

1 10k
g

» DPiéu chinh bién tr& dé cé V,, = 0V khi V.= 0V



Toc dd tang thé - SR ( Slew rate)

SR 4 trj sO cwc dai cla dién thé ngd ra
mach khuéch dai co thay dbi theo thoi gian
_ Av,

SR — v [/ #s
A ¢

VO a




Mot s6 thédng s6 khac

» DPién thé ngd ra bdo hoa : +V =V, .,=+13V,
“Vobh=Vomin = - (13V)

* Dong ra cwc dai: |, = 25mA.

Pién thé cung cap: V*=+15V, V- = -15V

Dong cung cap Is = 2,8mA

» CONng suat tiéu tan P, = 500mW

Nhiét d6 lam viéc: 0 dén75°C; -25°C dén 85°C:

-55°C d@én 125°C

Hé s6 nén dién dién thé ngudn cung cap

PSRR= Vs, ,y =30 -150

Ay e




3.Cong thrc co ban cua Op.amp.

» P& tranh tin hiéu ra bao hoa khi tin hiéu
vao qua nho , khéng dung cach khuéch
dai vong ho kh| khdng can thiét.

 Pé tin hiéu vao I&n va tin hiéu ra kh(“)ng‘bi
bao hoa ( khong bi xen)-> khuech dai hol
tiep ( cho 1 phan tin hiéu ra vao lai ngo
vao)

« C6 2 cach mac co ban:
- Khuéch dai dao dau (dao pha )
- Khuéch dai khdng dao dau ( khéng dao.)



Hai mach khuéch dai co ban ctia Op.amp.

Z
_<_
I F
— Z s | -
+ —  — = +
Vot

I s - +

Inverting

Z
—Tt
I F
— Z s | -
—  +
—_— > + i V out
V s i_

Noninverting



a. Khuéch dai doi dau (dao dau)

R | Ve
—\ NV '
5 I —
il lin
+ +
<N> Vi v

+ 0O

V out

O



Do tong tré vao rat Ion, nén xem déng i, = 0, ta
c6: (iy=1i ,i,=ir R, =R, , Ry = Re)
L=+, =0 2= I
mat khac :
V*=0V 2> V=0V (mass ao)

VI

h_aV _ . Virtual ground, v, =0 L :li R
V i V — V V 0 - W
R
R R 2
| i R\
V L \V 0o VT —AAAA =
R —)}- +01 V(‘) = O i ]2R2
R | R F Mo 1‘1 o _ R
I-l—_ 02 !
Rl e _—_‘1
s 0 J
Av - (1) =
Vi R




Giai gan dang mach khuéch dai dao

A
: b= =7
Virtual ground, v; =0 R
e
MW
Ry
O\
. —
T —NW—— - w
—";[ oV vo=0-1)R,
Zl = — — + RQ
Rl et = — —\’1




« Mach dao dau
Khicho Re=R, 2> Av=-1=2 v =-V,

RF =RT
— AN\
vi
RT Op—Amp
O——AAAN—O = d
+

VO



b. Mach khuéch dai khéng doi dau

R E
AVAVAVAV
_ ——
R < l lip lF
—\\V\N — —
= +
— AAMNNA—e— + +
R .
l'in
<'|> Vg Voout




Mach khuéch dai khéng dao
Véi R, =R;, R, = R,

1)
—
'AA'AY,
R,
Rl V 1
AW \
— &
E

4

I

%
1 @ V) DYG
= /



« Dang khac cua mach khuéch dai khong
dao

Vin = —|—": V.t




* Chuwng minh:

Do R, ratlén,néni,, =
(I,=1,=, I,=Ig)

o iin =1

=g IF

va:(R,=R, R, =R}) =

V-= V=V
hay: O_V_:V__Vo:> __i:Vi_Vo:>
R| RF RI RF
vo_. 1 1) _ v, . (R.*RF}j




Glal day du.
a. Mach khuéch dai dao

Xét ca R, vanguon A, (v*-v')=-A, V"

Ry
VI o— AN O

o Vo




 Mach twong dwong:

i+ I = 1,

ViV LV, V _V _
Rl RF Rln
- (
V,_ V. 1 1
= +VL + +
R R, Rin Reg Ry

Ma :
va: V,=-A, V-

V+ =0V ; R, ratlon
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OPAMP: INVERTING AMPLIFIER

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

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

Vout

4.T;= (Vin- V)/R = Vi/Ry

5.I,=(0- Vour)/Rz= -Vour/Rz => Voyr = -I:R;
6. From 3 and 6, Vot = -I,R, = -I;R, = -V R./R;
7. Therefore Vot = (-R,/R{)V1n



b. Mach khuéch dai khéong dao

o Vo




 Mach twong dwong:

v aurt

. +
IIIIIIIIH".I oF




Ui — T 00— v_ Vout — V-
+ -+

Rin 73 Ry, D
Rl R1R2 ﬁt‘ﬂ_ — 1 _
o_ = £ —+
R+ T Ry Rin

Uout = A{ﬁiﬂ- = ﬂ—} — toutflout-
» Do R, rat nhé =0 va R, rat Ion so voi R, va R,

F= -
y 4+ s TUF

qTr_ ==

Vot = A(Tin — v_)

R, .
Ry + Ry .




ot 1 +AR11-EI-1R3 ﬁiﬂ

V., _ : A : - \ rAv( —
V R, R. R, R, 1
1+LR1+R2JA LRJRZJA“'LFFL R . JAVJ

( 1

) ST 3 W[NRZJI — I
" R, R. R, | 1 R./| R, | 1 |
rer U U R Al TR AL

 Khi Av rat I&n ta cé trwong hop ly twéng:

A, 1R

& szlJ’RF
R. R,

VOi:R, =R, vaR: =R,




OPAMP: NON - INVERTING
AMPLIFIER

Vin

1.V.=V,
2. As V+ - VIN' V_ - VIN

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

4.1, = V /R,
5. Iz = (Vour - Vind/Rz => Vour = Vi + IR,

6. Vour = TiR; + IR, = (Ri+R,)T; = (Ri+R;)Vin/Ry
7. Therefore Vot = (1 + R,/R;)Voy



Khuéch dai theo- Mach dém ( Buffer)




Vin

OPAMP: VOLTAGE FOLLOWER

V,, - vIN‘
Vout By virtual ground, V.= V,
Thus V,.. = V.= V, = Vg Il

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,
microphone...



Khuéch dai theo - Mach dém ( Buffer)

Vi

” !
o \ Vout
/ | ﬂ

Vi %:vi

R-=0> Av=1> Vo =Vj




+

s s B
=
L |
|74
[HEY
OFP-AMP on single powvwer rails
4+
= B
=
]
|2

+

(L

Irmvrertinng baarer

BASIC
OoOP-ANMP
STAGES

L

=1 e -

| TATE
(R
—

OFP-AMP on dual powvwer rails

-+
- 1 e Iy
741 5 -
=] il ,ﬁ.--"""'—
(S
Mon-inverting amplifier
4+
=S + r
741 =5 =
e =] i ,_&--"‘"'r \
(R

Irmvertin

g amplifier




Operational Amplifier (OP AMP)

Basic and most common circuit

OPAMP building device. Ideadlly,
V- - 1. No current can enter terminals
s HA | vout V, or V.. Called /nfinite input
impedance.

2.V . =A(V, - V) with A —o

3.Inacircuit V, is forced equal
to V.. This is the virtual
ground property

Vo=(AV, -AV)
=A(V ,-V.)

4. An opamp needs two voltages
to power it V.. and -V,,. These
are called the rails.



OPAMP: ANALYSIS

The key to op amp analysis is simple
1. No current can enter op amp input terminals.
=> Because of infinite input impedance

2. The +vi and -vi (non-inverting and inverting)
inputs are forced to be at the same potential.

=> Because of infinite open loop gain
3. These property is called "virtual ground”

4. Use the ideal op amp property in all your
analyses




Mach lam téan

1.Mach nhan
Vo=-Kkv; vOoik=-R:/R,

RF
NNV N
—gy—
IF
RI ° V_

< T
VS V out

¢
L
O




2.Khuéch dai cona ( tona)

2
YW
. A 1a
V.'Hﬂ 0 \W
[ & = VDU
Vinb , \/\% > . o t
_I_
Ry Ry _

Uyt = R, Uing — Rwﬂma-
i



SUMMING AMPLIFIER

Recall inverting
amplifier and
Vout If =L+, + .. +1

n Vour = -Ri (V/R, + VIR, + ... + VIR )
1

Summing amplifier is a good example of analog circuits serving as analog
computing amplifiers (analog computers)!

Note: analog circuits can add, subtract, multiply/divide (using
logarithmic components, differentiate and integrate - in real tfime and
continuously.



Khuéch dai cong 3 dién the

ST
Soa




e Do: Vt=V=0V,taco:
l, + 1, +

Vi V L V. V Vs V _ _ V., VvV
R R > R s R r
Vi, V.o, Vis_ V.,
R, R > R s R ¢
VORF[V1+¥+V3J
R . R - R s

Néucéd: R, =R, =R, =R, thi:
[ )

Vi Va2, Vs - _R¢e _
P J — V.V, v, T kv, v, Ty,

Ry Ri Ry



Mach khuéch dai cong

Iy Virtual ground
—> R Ry
——\WW— = A—
Rr L
l "
i 0 - s
Y — Y VVVV -
‘II—MMR t i B ’ R, v
g L T Y0 R, :
12— MWW—1 + =l I
|y = Rz iz:() — R3
V13 —AMM— V3= 0—WW—
3 . {3:() —> -

(a) (b)



3. Mach trtr - Mach khuéch dai vi sai

RE
——\V VN
———
I
R 1 >—<>
—\V VNV ® —
I +
+
CJD V2 I Ro Vot




Theo nguyén ly chong chap ta co:

AAAA% 1
Vi o— AN -
Yo
Vi o— NN 4
Ry

(a)
R, R
MW AW
Ri v, |_0 Ri vy, 0
1 o—ANN———— - W=
Vag Yol = ) Yo
W+ VP ANV o +
= R; 0 R; 0
R, R,



Ap dung nguyén ly chong chap:

 Cho V, =0, tin hiéu vao la V, va mach la mach

khuech dal dao, nén ngo ra cho b&i :

— _ R E
VOZ Vl (1)

R 1

* Khicho V, =0V va tin hieu vao la V, va mach la
mach khuéch dai khong dao, nén ngo ra cho béi:

S \

2 Cw i By P

1




Ta c6 Vo la hiéu so V, va V..
« Néuchon R, =R,, R-=R;hay:
R;+ Re= R,+ R; thi ta dwoec :

[ = TR, A R, A "R. _R. _R. _
3 e o e S
Rz Rz Rl RZ
— Rr
R

+ Néu cé thém R. =R, ta dworc :



« Mach khuéch dai trir con dwoc thwe hién nhw
sau:

Vo Vo1 Voo

:(RF _ RE )
( )

» Néuchon R, =R, =R_:taco:
V.=V, -V,



* 4 Mach tich phan

« Taco: |
dg = I dt N
dg=Cdv.,=Cdv, 2 ir=Cadv,/dt (1)
Mat khac :ii=-Ir vai=v./R (2) = Thay (2) vao
(1) dv 1 +
vi Ri;  RC Ojvo:_—jvidtJrvo 0

dt RC



Mach tich phan

I

R,C

|

!
>

[
[ s
0



Mach tich phan thuc té - Mach loc thap qua

F /ZF
K
® ’\/\F}\;\, ®
S
— A —e B L o
VS<+_> / \ilCOim




5. Mach vi phan:

R
NN\

%

iF

 Theo trén ta co:
dg = C dvc = CdVi
dg=idt > ii=Cdvi/dt
va i=iF=-Vo/R >

_ dV |
Vo~ RC—

dt



Mach vi phan thuwe té - Mach loc cao qua




Mach vi- tich phan thuc té- Mach loc dai qua

RF
AVAVAAV.
Cr
«» I< ®
Rs Cs
—\MA— —e—




6. Nhirng mach ap dung khac cua Op.amp.
a. Mach khuéch dai ac




Mach chinh lwu chinh xac

OVO



OPAMP: COMPARATOR

vouT:A(vin - vr'ef)

Vref 2
| Vout  If Vi>Vies, Vour = +o° but practically
Vin —+ hits +ve power supply = V.
_ If Vi <V,es, Vour = -0 but practically
A (gain) hits -ve power supply = -V,

very high

Application: detection of QRS complex in ECG

= =L




Mach tao dién thé tham chiéu ( reference)

R, R,
— AW L AA—
Vs o—AMA DH—e— +
Dy Ry
R, — A —
I
L IF




Mach khuéch dai do ( Instrumentation Amp.)




Mach khuéch dai do

Vo1 =vn + 1Ry

- 11R;




Hé thdng khuéch dai

R;{=200.0kQ2 Ry=671.86kQ

W W

""_\.= 10V

sk ip=0.25 mA
B +
R vy=56V I\
= ‘l/ R;=187kQ
MW
R, =200 kQ R, =200 kQ W R 15 KO
R; = 200kQ 5.0
> MW =
gRi =19.62 kQ 0 Vo
" - R =200kQ
Ry =200(1 + ) kQ =200 kQ —AMA-




Phan loai Op. amp.

1.Nguodn thé kiém thé - VCVS ( Voltage
controlled voltage source) : day la mach
khuéch dai khong dao dau.

2.Khuéch dai truyén dan- OTA ( Operational _
Transconductance Amplifier): Mach chuyén
doi thé thanh dong.

3. Khuéch dai dong vi sai —CDA ( Current

difference Amplifier) — con goi la Mach
khuéch dai dong ( Norton Amplifier) hay
nguon dong kiém dong-CCCS: 1a mach
chuyen dol dong sang dong.

4.Nguon thé kiém dong-CCVS( Current
controlled voltage source)- hay mach
khuéch dai truyén tré

( Transresistance Amplifier): la mach khuéch
dai dbi dau.




Mach chuyén doi thé - dong

)
Lt

Rp
) R, 0
1 o—VWN— 1
% . b Yo
— +
I%l R,

1 %y
h

o vV,

iy lERz 7, liL




Mach chuyén dbi dong sang thé

5
—
A ——
R; Rp
— ()
! & -
—Zl>" l 1'-1 - () V(-‘)




Mach tich hop tuyén tinh ( Linear IC)
C khuéch dai thuat todn pho dung: uA 741,
M358, TLO62...TLO82,TLO&4...

C so sanh ( Comparator): LM393, LM111,
uA 710,, uA 31 13TL372, CA9%4, HA 2111...
IC khuéch am tan ( Audio amplifier): Tién
khuéch dai: BA 382, AN/7310..

Khuéch dai cdng suat ( Power Ampllfler)
LM380, LM386, TBA,AN7116, 7130, LA
4002..

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

IC 6n ap ( Regulator IC): LM 78xx , 79xx, LM
340XX,

LM320 XX, LM 317, LM337 , uA 723...




