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Chap 6 Linear Circuits with Operational Amplifier

6.1 Fundamental concepts of filters

. First-order low pass-filter implemented by an RC cirduit:
AW
%,(s) R *

. Assume the voltage source is
" S

6.1-1 t)=V, t =V .

(6.1-1) v (t)=V,cos(at) or V,(s) S

Then, the output voltage is

1
sC 1 V, s
6.1-2 i (s)=—3C_y (s)= : —H 5
O (5)= S (5)= e (9)=H )
© o Hpy
. As t >, let S= jo and obtain H(ja))z_#,or expressed as
1+ joRC
(6.1-3)  H(jo)=|H(jo)e " S S
1+ (wRC)’
where ‘H(]a))‘:; and 6=/H(jw)=-tan™(wRC).
1+(a)RC)2

« If v,(t)=V,cos(awt) then the output voltage is

(6.1-4) v, (t)=|H(jw)|V,cos(at+8)=V,cos(at+0)

where Voz‘H(ja))Vs.

v, (t)=V, cos(wt) vg(l‘)=‘H(jco)|VS cos(at +6)

H(s) >
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»  Itis easy to check that ‘H(ja))‘:;<l,i.e., V, <V, and
1+(a)RC)2
1 @—0
(6.1-5)  |H(jo)|=1 1/N2 w@=am,=1/RC
0 @ —> ©

The output voltage will be decresed while @ is incresed.

Z H(jw)
. ®» 0.1exo a)o ' IQaJo P
. To achieve the output voltage, we often connect a receiver with equivalent
resistance R, shown as below:
VWA <
v, () R +
~ 1 == - R
— — V(s o
&) LT e 2
Then, the output voltage is changed as V,(s)=Hg (s)V,(s) or
1
— IR
0 r Vs
6.1-6 V (s)=—3C_— y (s)= -
(6.1-6) 2(9) 1 :(s) r(sRC)+1 s*+a’
R+—IIR, —
sC H
(%)
where r = R, <1.
R+R,
. It is easy to check that ‘HRO (ja))‘ = ' = <1,1e., V,<V, and
1+ rz(a)RC)
r o—0
61-7)  |Hg (jo)| =1 r/v2 w=a,=1/1RC
0" ® —> ©
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*  Notethatif R, —>oco,then r—1 and H; (jo)~H(jo).
However, it is impossible to use R, — oo since the cureent through R, will be

very small, so is the output power.

6.2 Ideal Operational Amplifier (OPAmp)

. Voltage Amplifier using transistor

Small signal payload
voltage source € mmmmmmmmmen
T i E
: —o RoLT
i Vs Rs E + i - %VL i
L Av : _
e b = d i
Transistor amplifier
| ' a R |ei
i ——0— — : |
YA R, E+ AAv ! R + E
s o2 =
S b dio i
Small voltage signal amplifier payload

R, R, R
(6.2-1) v (t)= =R AAv(t):[R R ](R.+ - JAvs(t)

0

If Ry > and R, =0, then v, (t)=Av,(t), notaffected by R, and R..

. OPAmp
inverting input
O
. . 2
offset null C—311 8 C— notused non-inverting
inverting . positive input
input 12 Tk voltage v +
non-inverting — 6 C— output (_) 3
input v+
negative J~[—14 5 L offsetnull
voltage
V774

OP-amp
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. Importent properties

.
i
is ;
14
o @
<—
AN ——"—0——
v R, v ir
5 — _b
C"_) Virtual ground 4V N

8-

L

+
VL

(62-2) R—>%, R ~0, , 4d—>oco, |,
(6.2-3) v, (t)= AAv(t)
It implies Av(t)~0 and i(£)—>0.

In general, we say that the node (D is a virtual ground.

——— W
Ry
A
Vs RS
®
. Equivalent circuit

iﬁzo _
r+ — ] '
! + * Vo " R, 3=
Av=0 +
A\ o —_ _ L 1 RL Vi

624 )= wO R g

R
That means the gain —Ef is independent to the payload R, .

S
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. Inverting amplifier

(6.2-5) Vl(t)_vs(t) Vl(t)_vo(t)zojvo(t):_&vs(t)

Rf
62:6) A = z_g; T

The voltage gain is negative and called the inverting amplifier.

Example: If R =1kQ, whatis i_(t)?

5kQ

. Non-inverting amplifier

Ry
V1
R, o
Vi +
o]

628) A :X°—8=1+%21

The voltage gain is positive and called the non-inverting amplifier.

It can be used as a buffer, v, (t) =V, (t), by setting R=0 or R=0°.
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Example: Determine V,(t).

3kQ

1kQ W
ANV -
1k I
+ +
2V
+) 4k Ve
| ;

J Addition

(6.2-9)

(6.2-10)

It is an inverting addition.

] Subtraction
Ry
Rsl vl

AW — =
R, —o
Va1 ’ V1 + +

OF
— 52 vu
t % RS3

| ;

(6.2-11)

(6.2-12) v, (t)=
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. Integrator

I

(6.2-13)

(6.2-14)

Since vi(#)=0, we have

6a1s Bl w0

dt  RC

(6.2-16) v, (t)=— R1C I;vs (r)dz+v,(0)

It is an inverting integrator.

6.3 RLC circuits with OPAmps

. Example-1

Vi1
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. Example-3
R
R A
AW
Va — O
+
V,
S
. Example-4
¢
I R
R, s
R AW .
O_I\N\/\ B IW_ Vo
)
+
. Example-5
R, R
A AW
Vs CI R R
W |- v,
o
+
. Example-6
]
R,
p GR AMA

Vo
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. Example-7
R,
M
G
v, R R, L
o— AW AW > )
i o °

. Example-8

G,
[ ]
v. R R
o— AW AN .
R; C, —— —°
L
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