Lecture 25

Op- Amp



Noninverting Amplifier

(1) Kirchhoff node equation at V, \, o——

yields, V. =V

(2) Kirchhoff node equation at V_
yields, v -0 VY

0
Ra Rf
(3) Setting V, = V_yields
V. V.-V V R,

| + |

a

0 =0 0 =14
Rf or V. R

I a

R
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Noninverting amplifier Noninverting input with voltage divider
R; R; R
— ). v =1+ 2V,
v, =1+ - V. o = Ra)(R1+R2) |
a
Vi | V| 4
Vi © : \_ " v O*VRV; %Rz . >—o Vo
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i Less than unity gain
Voltage follower Y9
_ R,
V, =V, Vv, = V.
R +R,
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Inverting Amplifier

(1) Kirchhoff node equation at V, Rs

yields, \/ = e L
N VN

(2) Kirchhoff node equation at V_ Vin<—~> +
yiE|dS, V. -V B .
n Vo VooV 1 L

I:ea Rf
(3) Setting V, = V_yields Notice: The closed-loop gain V/V,, is
V - R, dependent upon the ratio of two
> = resistors, and is independent of the
Vin Ra open-loop gain. This is caused by the
use of feedback output voltage to

subtract from the input voitage.



Multiple Inputs

(1) Kirchhoff node equation at V,
ields, _
vields, \/ =

(2) Kirchhoff node equation at V_ L
yields, L -
Vv _Vo V_ _Va V. —Vb V. —VC =
_ N N .
Fzf R Rb R

a

C

(3) Setting V, = V_yields

RRbR



Inverting Integrator

Now replace resistors R, and R; by complex
components Z, and Z;, respectively,
therefore y -7,

o 7 in

Supposing : Vi

() The feedback component is a capacitor

CleZ
Ja)C

(i) The input componentis a resistor R, Z, C
=R

Therefore, t closkg-l ain (V,/V,,)
becom‘gs RC %9

v, (t) =Ve'*

where -

What happens if Z, = 1/joC whereas, Z; = R?
Inverting differentiator



Op-Amp Integrator

Example:

© a0 R

C,,0.01uF
i

(b) Draw the output waveform.

Solution: 1
(a) Rate of change of the output voltage
AA\io T F\e/c e kQE)S(?)/Ol F oV
=-50mV/us
O -
(b) In 100 ps, the voltage decrease -5V
-10V V.

AV, = (=50 mV/ 15)(100ps) = —5V
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Op-Amp Differentiator

Operational Amplifier



N O n'id ed | CaSe (inverting Amplifier)

U Equivalent Circuit

Ra
Vin A

Ref:080114HKN

Rt

—AAA—

V%Rn Ro _<>V0
*&Avvn

Practical op-ar

3 categories are considering

U Close-Loop Voltage Gain
4 Input impedance
O Output impedance

Operational Amplifier




Close-Loop Gain

Applied KCL at V- terminal, R+
R I AN
Vin _V7z' + _V7z' +V0 _V7z' — O Vin o—’\/\;{\\,—:’;,—R RO
R, R R, i Vo
By using the open loop gain, +§_v;\/
V, =—AV_ = =
— Vin+vo 4 Vo _|_Vo_|_ Vo -0 V Ra _ Ry V
R, AR, AR_R; AR in C - 0
N \i:_v RR;+RR+R,R +ARR_ V.. <R
R, ° AR R R, 1
The Close-Loop Gain, A,
A = V, - AR _R;

V. RR,+RR, +RR +ARR

In



Close-Loop Gain

When the open loop gain is very large, the above equation become,

f
A R

a

Note : The close-loop gain now reduce to the same form
as an ideal case




Input Impedance

- Ry
Input Impedance can be regarded as, Ra ! |
’ Vinw\/\/\r - R |
Ry =R R IR R%Vn JEEAVA
where R’ is the equivalent impedance )
of the red box circuit, that is ! -AVz .
Y, T
R’ ju— -—72- Rl
] |
However, with the below circuit, T
: e~ Rs
V_—(-AV_)=i. (R, +R)) T
:>Rr:\./7;:Rf+RO : Ro

i 1+ A Vs §W g
; -AV;



Input Impedance

Finally, we find the input impedance as,

1
R (R: +R
Rin:Ra+ = + L+ A = Rin:Ra+ ”( f+ O)
R, Ri+R, R, +R +(1+ AR,

T

Since, R, +R <<+ A)R_: Ri become,
R; +R
Rin ~R, -I-( f o)
1+ A)
Againwith R, +R << (1+A)

Note: The op-amp can provide an impedance isolated from
input to output




Output Impedance

Only source-free output impedance would be con3|dered
ie.VisassumedtobeoO T

Firstly, with figure (a), n W

BN e S
Vv, = R IR, Vo=V, = RR, vV, R Ro - lo

"R +R MR, T " RR+RR.+RR, [ S —=V,
By using KCL, i, = i;+ i, J_ AV

vV Vo —(CAY,) L

0

j=—9° 40 N/ T T :

> R, +R,/IR, R, , VT
/ \

By substitute the equation from Fig. (a), p \
Theoutputimpedance, R, IS : R, 42 : : Ro 1 |
V0 RO(RaRf +RaR7r+Rf Rﬂ') | Ve V 1! V :
. I © |: °
i, (+R)(RR;+R,R_+R,R )+ (1+ A)RaRﬂI " %n o |

-.R_and A comparably large, : . !

_R,(R,+Ry) !
out AR (a) (b)

a

R



