EECS 210 Winter 1997
INPUT AND OUTPUT RESISTANCE FOR OP-AMP CIRCUITS 52/7/

SIGNIFICANCE of input and output A1;esistance for op-amp circuits:

Overall voltage gain A’ = E%

B R,
= AgTR; R+R <A

— Aas R; — oo and R, — 0.

DETERMINING input and output resistance for op-amp circuits:

"/teit
Iteat

OUTPUT: Connect a Viest to output and compute resulting Iies¢. R = %ﬁf
For output impedance RJ, set input voltage vy = 0 and omit load RL

Note this is just the Thevenin resistance of the amplifier output.

GAIN: Connect a Vieq: to input and compute voyr. A’ = ”—Oﬂl Omit load Ry,.

INPUT: Connect a Viest to input and compute resulting l;es¢. R, =

EXAMPLES of input and output resistance for op-amp circuits:
THE IDEAL R} = Yest — Ytenr oo
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FOLLOWER R, = 7oy =0 = 7.2 =0 o—?;> | }
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(since vy = 0 we can’t connect a Vieoy #0 ™ { !

without producing an explosion!) 1 ,E

A follower is an ideal "front end”: it draws no current and supplies lent
p Y

INVERTING R} = 7=t = R; (obvious since v— = 0). Ry

test +{ o'—Wv o~
AMPLIFIER R/ = Yest|, o= -9 = m R '—°}+

Tiest Ticst VouT

NON-IDEAL R} = Yeest — R (At DRLER, | Rolty

Tiest — Ri+R, +Rr
! Ves _ Ro(Ri+Rs)
FOLLOWER RO = I:es: = R.F(ATDR.+R, (Voltage-follower block)
R
Al = vour _— R, +AR; y
= v, T R.4A+DR: *

SIGNIFICANCE: Using typical op-amp values \
A=10%R; =2MQ, R, = 752, and a load s
R; = 1Q and source resistance Ry = 1M,

the follower still acts almost ideally.

But other circuits (see p.161) may not!

UL

Let R; — o0, R, — 0, A — oco. Then non-ideal results—ideal results.



DETAILS OF ANALYSIS (also see Schwarz and Oldham p. 154-6):

INPUT: In figure below, write node equation at v_ = v,,; and note vy = Vigyy:

Vo =Vieat v_—A(Viest—v_) V-
i 5 + 4= =0

Insert v— = Viest — ltestRi and solve for Viest = Rilteqr —® R
ITEST ( (Voitage-follower block)
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OUTPUT: See figure below. We have (note voltage divider)
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A<U(+) - U(d))

R;
I, = Vees Viest =A(=Veess BgRy) _ 1, Rot RitR,+ AR
test — R+ R, + R, — Vtest T R (R;+R,)

Viest _ RO(R5+R3)
Itest o Ro+(A+1)R|'+Rs.

O lTEST (Voltage follower block)

from which we get R, =
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GAIN: See figure at right. We have

+) R (-)

Z’ _ Vtest_A(Vtest_'Uout)
1= R0+Ri

UTEST

and vour = Viest — 11 Ri. Substituting gives

Al = vour — Ro+AR;

Alvgy - vy)
Ufesf_ Ro+(A+l)R." .




