ECE 2EI14 - Lecture 8

Non-Zero Qutput Resistance - Non-Inv. Amplifier

Ry
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Finite Input Resistance- Non-Inv. Amplifier

I
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~ 1 — _ _
V)= R, *R, Oy = Bvy = BAVp = AB(v,—Vy).
Y ——AB—V
v, = 2By andi = —LFABT x
1 1+AB X X R b (1+AB)R p

Since |R,y = /iyl then |R, = R p H1+AB)=ABR pl.
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Input Resistance for Inverting Amplifier (Read carefully)

IN = iX; Vv, = iyRy+Vv_ so, we get that R, = R1+§,
Total input resistance R,y = Ry + Resistance looking into the inverting termi-

nal of the amplifier (use second circuit (b) above)

.. v o vi=vg o v Ve (1+A)

2 T =
ID 2 ID 2

since vy = —Av,.

b 1 1+A
— = + =
G p v, Rp R, or R/ p

R
In ckt (a), overall Ry is |R \ = R1+R|DIIT2:R1+
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Comparison of Inv. and Non-Inv. Amplifier

(Read carefully)
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I nverting Amplifier

Non-I nverting Amplifier

Voltage Gain Ay

_ 2( AB ~_ % ﬁ) 1 + —_—
RAL+A R, 1 +A B Rl
Input Resistance Ry R d1+AR)
R, +Rp ll—% = 'b
1+A
Output Resistance Royt Ro Ro Ry Ro
1+AB AR 1+AR AP




Example:
The following circuit is a two-terminal network with R; = 400Q and

R, = 60kQ. What is its Thevenin equivalent circuit if the operational ampli-

fier has A = 2><1O4, RID = 200kQ, and RO = 100Q7?

—0

Vs( two-terminal

networ k

——

O
B 4 400 _
AB = (2x10 )(400+60 - 1%

A 2x10°

The open circuit voltage is v, = 1+ABVS_ 1+ 132v3: 130v .

5 R - Ro 100
th = OUT — 1+Ap  1+132

= 0.749Q
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Finite Common Mode Rejection Ratio

Vic =
V. \Y
— id . _ id
Vi = Vlc+7 Vo = VIC_E
A~V \Y;
_ CMVYic IC
Vo = A(VidJ’ A ) A(Vid_l-Cl\/IR
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Voltage-Follower Gain Error Due to CMRR (Read carefully)

Vs+VO
Vig = Vo=V and Vie = .

_ VS+VO
Vo = A(VS_V0+2ECMR
Vo _ _A(1+{2[CMRR} )
Vs 1+A(1-{2[CMRR} ~

1
Ay =

T and the Gain Error is A jgeal - Av, actual

)
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Gain Error Due to CMRR (Read carefully)

AL+{2[CMRRI ) _ _ (1-A[CMRR)
1+A(1L—{2[CMRR 1) 1+A(1—{2[CMRR ~

GE = 1- -

)

GE=A -CMRR}

A1 => error due to finite gain

CMRR™1 => error due to finite CMRR

PSRR

PSRR is a parameter closely related to CMRR and is a measure of the ability

of the Op Amp to reject variations in the power supply. It is the change in IP

AV.
voltage per unit change in power supply voltage. It is | PSRR = —_10put | i
AVsupply

dB or uVv/V. Its values are similar to CMRR.
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Example: The output-voltage 9kQ

rangeof the op amp in thefollowing W

: : 2KkQ +10V

figureisequal to the power supply )

voltages. What arethevaluesof Vo 1 V. VA
V

and V. for the amplifier if the dc =/ °° +

: : g— -10V

input Vgis(a)-2V and (b) 4V? - -

Inverting Amplifier: v, = A\,vg = - gEvS = —45vg aslong as |Vo| <10V as

restricted by the op amp power supply voltages.
(@) V, = -4.5(-2) = 9V, feedback loop isworkingand V_ = 0V
(b) V, = -45(4) = -18V ; V,saturatesat V = -10V.

The feedback loop is broken since the open-loop gain is now O.
The output voltage does not change when the input changesso A = 0.

" _ 9%k \ ( 2K _
By superposition, |V_ = 4(2k+9 10 kT ok - 1.45V
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Example: (a) Useideal op amp
assumptionsto derive an expres-
sion for the output voltage of the
following circuit. (b) Find the
Input resistance presented to v,
and v,,.

R4
(@) Inv.Input: vy = [— 'IQ_JVZ

Ry

: RN R,
Non-inv. Input: v5 = 1+ v, =1+l e TR /1
1

_ R4
Superposition: vy = -5 [V

V1
(b) for vy, Ry = G = Ry +R,
vV, =0
V
for vy, |R, = |—2 = R, (Verify Results using PSpice)
2
vy =0
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