LO6
Practical Operational Amplifiers
Op-Amps 2

Chapter 14
Nonideal Effects in Operational Amplifier
CircuitsDonald A. Neamen (2009). Microelectronics: Circuit Analysis and Design,
4th Edition, Mc-Graw-Hill
Prepared by: Dr. Hani Jamleh, School of Engineering, The University of Jordan



14.2.3 Inverting Amplifier
Closed-Loop Input Resistance

* The closed-loop input resistance R;r of the
inverting amplifier is defined in Figure
14.4(a).

* It includes the effect of feedback.

* The equivalent circuit includes:

1. Finite open-loop gain Ap;,
2. Finite open-loop input differential resistance R;,

3. Nonzero output resistance R,,.

Figure 14.4(b)
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14.2.3 Inverting Amplifier
Closed-Loop Input Resistance

* A KCL1 equation at the output node yields:
Vo Vo — (—AgLV1) U, — 1
Ry R, R

* Solving for the output voltage, Wle have:
_ OL _ _—_
o (%7
0=
TR,
L 0 2
* A second KCL2 equation at the input node yields:
1 V1= Vo

_|_
R, R,

I =

Figure 14.4(b)
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14.2.3 Inverting Amplifier
Closed-Loop Input Resistance

* Combining the followinE two equations:

Aor 1
L __"\R, R,
|
R +R1 +Ri
L 0] 2
. 771+V1—770
1 =
LR R,
and rearranging terms produces:

R

= — = +
Vg Rif Ri RZ 1+%+%
L 2

Figure 14.4(b)
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14.2.3 Inverting Amplifier
Closed-Loop Input Resistance

R

= = — 4+
Vi Rif R Ry }}go + I}go
L 2

1+
* The equation above describes the closed-loop input
resistance R;s of the inverting amplifier, with:

1. Finite open-loop gain Ay, Ry Mﬁﬁ
2. Finite open-loop input resistance R;, and — l e —
3. Nonzero output resistance R,. —| o I ﬂf;% i 0 Vg
. . fJ | | - o |
* In the limit as Ay, - o, we see that 1/R;; — oo, or Y gy | éqi
Rip & 0 T i
* Which means that v; — 0, or v, is at virtual ground. | |
* This is a characteristic of an ideal inverting op-amp. o -
Figure 14.4(b)
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EXAMPLE 14.2

* Consider an inverting ampI|f|er g/vlth a feedback resistor R, = 10k(), and an op-
amp with parameters A,; = and R; = 10k(.

* Assume the output resistance R of the op-amp is negligible, e.g. R, — 0.

* Determine the closed-loop input resistance at the inverting terminal of an
inverting amplifier.

* Solution: If R, = 0, then:
1 _1 1(1+A0L \%) (Ao 1 1+410°

+ ~ 107 + 10
R i R, 1+\% \% R, 104~ 10% R
Rif, A

* The closed-loop input resistance is then Rl-f ~ (0.10). ] l T T T ] I
Comments: R - R, | ’
R;f of the inverting amplifier is a very strong function of i r}-l §R: ~ApLY| i gfi';_
the finite open-loop gain 4p; . | + |
R; essentially does not affect the closed-loop input | _l_ }
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14.2.3 Inverting Amplifier
Closed-Loop Input Resistance

* A nonzero R;f and a finite R; implies that:

 The signal current into the op-amp is not zero, as assumed
in the ideal case.

* From Figure 14.4(b), we see that:

V1 = 11 R;f
* Therefore: R,
j. = ﬂ =i (ﬁ) E‘{J W
l Rl 1 Rl — i i__________:w__\,__i OV
e The fraction of input signal current shunted away " ! L o |
from R, and into the op-ampis (R;¢/R;). | i §R" oLt éﬂf-
* From the previous example, the fraction is: i . :
Rif — 0.1 — 10—5! S = _____
R; 10k Figure 14.4(b)



14.2.4 Noninverting Amplifier
Closed-Loop Input Resistance

* The input resistance seen by the signal source
is designated R;¢.

* The equivalent circuit includes:

1. Finite open-loop gain Ap;,
2. Finite open-loop input differential resistance R;,

3. Non-zero output resistance R,,.

Figure 14.5(b)



14.2.4 Noninverting Amplifier
Closed-Loop Input Resistance

* Writing a KCL1 equation at the output node:

% Vo —An v Vo — U
0+ 0 oL d_l_ 0 1:0
R; R, R,

* Solving for the output voltage, we have:
%1 _I_AOLvd
o _RR
|
R, T Rl T Rl
L 0 2
* Another KCL2 equation at the v; node yields:
V1 V1= Vo

"R R,
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14.2.4 Noninverting Amplifier
Closed-Loop Input Resistance

» After substituting equations, we find that
R;¢ can be written in the form:

Ri(1+ Aop) + R, (1 + %)
1

Rif = -
T 1+ 32
Ry
* In the limit as Ay, — o, or as the R; — oo,
we see that R;r — oo,

* Which is a property of the ideal noninverting | —
amplifier. | =

= Figure 14.5(b)



EXAMPLE 14.3

» Consider an op-amp with an open-loop gain of Ay; = 10° and an
input resistance of R; =10k} in a noninverting amplifier
configuration with resistor values of R; = R, = 10k(0.

* Determine the closed-loop input resistance at the noninverting
terminal of a noninverting amplifier.

* Solution: The input resistance is:

R
v Ri(1+AOL)+R2(1+R_i) B 10k(1+105)+10k(1+ﬂ‘

¢ le = — = R, 1ok 1Ok) ~ 500M()

L —2 o
I 1+R1 1+ 0%




EXAMPLE 14.3

* Comments:
* As expected, the closed-loop input resistance of the noninverting amplifier is

very large.
* Equation: P
v Ri(1+A4p) + R, (1 +R—‘)
R., = L — 1
T 1 + 32
Ry

shows that R;¢ is dominated by the term R;(1 + AgL).

* The combination of a large R; and large A,; produces an extremely large
input resistance, as predicted by ideal feedback theory.
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14.2.5 Nonzero Output Resistance

 Since the ideal op-amp has a zero output resistance
* The output voltage is independent of the load impedance.
* The op-amp acts as an ideal voltage source and there is no loading effect.

* An actual op-amp circuit has a nonzero R,, which means that:

* The output voltage and the closed-loop gain are function of the load
impedance R;.

10/6/2018 Medical Electronics - Dr. Hani Jamleh - JU 13



14.2.5 Nonzero Output Resistance

* Figure 14.6 is the equivalent circuit of R,

both an inverting and noninverting i
amplifier and is used to find R,,. R, \
RE

* The op-amp has: — "

1. Finite open-loop gain Ap;, * Agioy gRI
2. Nonzero output resistance R,, and 4

3. Aninfinite input resistance R; .

. Fi 14.6
 To determine R,,: BHTe

* We set the independent input voltages
equal to zero.
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14.2.5 Nonzero Output Resistance

10/6/2018

A KCL equation at the output node yields:
Vo — AOLvd Vo

ip = +

R, R, + R,

The differential input voltage is:
vd=vz_v1=_v1

But by voltage divider technique:

V" \R,+R,)/)°

S S U
d R,+R,/°

Combining the two Equations above, we have:

°"R, Ry| \Ri+R,) "
S S R T
Vo Ror R, 1+ R;/Rq]

Vo

R, + R,

1

R, + R,
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Figure 14.6
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14.2.5 Nonzero Output Resistance

v -

* Since R, is normally small and Ay, is + y

R,
i 1 1 A ' 1 YW
L= = |1+——|+
Vo ROf RO 1+ RZ/Rl_ R1 + Rz Ry
R

normally large, the Equation above, to a - hi
good approximation, is as follows:

1 1[A0L] -

R, R,|1+Ry/Ry

Figure 14.6




14.2.5 Nonzero Output Resistance

1 1] A, o
Rof ) Ro [1+ Ry /Ry " \ R
e R, b
* Comments: = va 1"
e In most op-amp circuits, the open-loop output — ﬁmw ﬂ §RL
resistance R, is on the order of 10012. -4
* Since Ap; is normally much larger than (1 + R, /R,), "
Figure 14.6

the R, ¢ can be very small.

* R, values in the milliohm range are easily attained
using opamps.
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EXAMPLE 14.4

* Objective: Determine the output
resistance of an op-amp circuit R, .

 Computer Simulation Solution: Figure
14.7 shows an inverting amplifier circuit

with a standard 741 op-amp. Imifw
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R,
MWW
10 k€2
L | _:__:, vV ____ﬂ
TN I
PTosii_ 6 v
31 v+ = 5
17 ~—
LA — 741 R;_§ 10Q
= =5V
L hy] + |
L =0
=0
Figure 14.7
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How the Output Resistance of an Opamp
Circuit is Measured?

R;

* One method of determining the output
resistance is:

* Measure the output voltage for two
different values of load resistance

|
|
|
|
|
|
|
|
|
|
|
. |
connected to the output, i.e. R;; and R}, o ST L._g:glgﬁ |
. . . fe . m I 3 . 2 5
Then, treating the amplifier as a Thevenin i L0t
|
|
|
|
|
|

equivalent circuit with: a fixed source in 0 puA-TAL |
series with an output resistance. = 1.~:_+_5 v
Vor = AV (o2t =
RLl + ROf I--------' ---------- -
RLZ Figure 14.7
V., =A4,V;
02 DVl RLZ -|—R0f
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How the Output Resistance of an Opamp
Circuit is Measured?

e Let:
Vo1

Vo2
* Then:

10/6/2018

R;4
(0
Ry,
(0
_ ( Ry )(RLZ + Ror
Ri1 + Ry R
1%
RutRiz (1-72)
R —
i R G@J—R
2\ L1

)
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e i
The Amplifier [
R, :
MWW I
10 k€2 |
|
|
_ 1 |
“"=-3V =0 :
Ry ) 4 * 1 |
T u— I P_,@
OST~_ 6 I v
3 Hﬂsz .
7 N I
HA —T41 | R;_§ 10 Q
4 - |
— — -5V i
=0 1;-,}__+ :J_—
L ;-0
0 I
Figure 14.7
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EXAMPLE 14.4

: : ' The Amplifier
* A 1mV signal was applied. I R,
. Foaa 10Q load, the output voltage is 0.999837 mV, : Ww
an |
o« F 200 load, th tput  volt i |
09999132 my. Ie/ OHPER YPREE B i sy
Riafia (1 - 722) N BT
ROf = 02 1 m:’l@m - U_%.
R Vo1 _ R T : S A
L2 IV 5 L1 ol UA — 741
10 - 20 (1 ° .999837m) Lo 1l
_ 0.9999132 m P n]
N 0.999837 m : =0
20 (95999132 m) ~ 10 oo S
* This gives an output resistance of: gure 2.
R, = 1.53 mQ
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EXAMPLE 14.4

The Amplifier
R,

MWW
10 k€2

e Comments:

 As mentioned, the output resistance of a
voltage amplifier with negative feedback
can be very small. .

* The ideal output resistance is zero, but a
practical op-amp circuit can have an output
resistance in the milliohm range.
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Figure 14.7
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Do it yourself

* Solve all the Exercise Problems as well as the Test Your Understanding
Questions.



