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Inverting amplifier

Since the op amp takes no input current, the same current Hows through By and By, Becanse
the non-inverting input is grounded, a virtual ground exist in the iInverting input by virtue of
the infinite gain and the negative feedback being used. Thus v = @ = Hy and v, = —i = Ha.
It follows that the gain of the inverting amplifier is 1'1 = —Eﬁ

The input mpedance i, = Ay, To find the U!ltﬂllt- 1:|1pmlanca apply a test current
source to the output and ground to v, Beeause of virtual ground, no current fows through
Ry. Since no current flows into the inverting inpie, the current through Ay must be 0 as
well. Thuos, mdependently of the test current, v, remains grounded in the ideal op amp.
Consecuently the output resistance 18 ideally (0.

Summing amplifier
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Non-inverting amplifier

Since the two terminals must be at the same voltage,

and

But no current flows into the inverting terminal, =0 i; = i, Substituting into this equation

and solving for v, yields

iy
U, = (1 — Hl)
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Input impedance H; 18 infinite. Output impedance 18 very low.

Voltage follower or buffer amplifier

Since Ky = 0 and this configuration is the same than the non-inverting amplifier, the gain is
unity. The mput impedance 15, however, infimity. So this configuration elliminates loading,
allowing a source with a relatively large Thevenin's resistance to be connected to a load with
a relatively small resistance.
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Difference amplifier

Thiz circuit provides an output voltage that is proportional to the difference of the two
mputz, Applving KCL at the inverting verminal vields

i m — v ) T — 1l
i1 = = iz =
Ry iy
Solving for v, and reordering terms gives
" Ry + J‘:l':z_t R—I_L
= —1_- — —1
’ Ry K,
H — — 1
Sincev_ = v, = —R*I—Rﬁ&?,i:
B+ H
Uy = 1 2 R"‘ g — _E'|_|:I

Ry Ry+ Ry Ry
By choosing By = Ry and Ry = Ry one geis that
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Current-to-voltage converter

Since the source current i, can not flow into the amplifier's inverting input, 1t must fow
thorugh Ry. Since the inverting input is virtual ground,

j 1 — —i.ii.H_[
Also, the virtnal ground assumption implies that

R =10
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Voltage-to-current converter

for this circnit.

In this cricuit, the load is not grounded but takes the place of the feedback resistor. Since
the inverting input is virtual ground,
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Instrumentation amplifier

This amplifier 15 just two buffers followed by a differential amplifier. So 1t 15 a differential
amplifier but the two sources see an infinite resistance load.
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Integrator

Let vy, be an arbitrary function of time. The current through the capacitor is §;, = =

From the capacitor law, .
i dve
e =C%
or 1 | 1
U= —Ug = - iodt = —E UVind1
Ry i

Active low-pass filter

Here we assume that the input is sinusoidal. Thus we can use the concepts of impedance
and reactance and work in the frequency domain. Thus, the circuit is an inverting amplifier,
but the feedback resistor as been replaced with £y, the parallel combination of Hy and €.
Therefore,

LR, R
o= 20 = :
"1 +R, 1+sCh,

From the expression for the inverting amplifier’s gain,

o8} = R = —Em’ﬁ{s:‘

which 18 small for = large.
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Differentiator

Here the input current 18 determined by the capacitor law,

. -udllfn
tin T
Thus
d;
ly = — Ry = —Rp0——
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Active high-pass filter

Like in the low-pass filter, we consider v, to be sinuseidal and apply impedance concepts.
The confipuration s again like the inverting amplifier. but the resistor By as been replaced
with &y, which is H; in series with . Thus

1 sHiC+1
S =R - =
! 1+ El s
d
- LRy _sCR
e ) - s+ 1
which 15 small for 5 small.
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Precision half-wave rectifier

In this circuit, the diode conducts when the op amp output is positive and larger than 0.7V,
Le. when the non-inverting inputs cxcecds the inverting by *L volts, where Aqpen—loop
. o Aopen—Leap N

represents the op amp open-loop gain, taken to be infinity for an ideal device. Thus as soon
as the input becomes negative, the diode conducts and the output becomes virtual ground.
If the input 15 positive, the diode is an open circnit and the output 1s directly connected to
the input.

The cirenit i3 n=ed to rectify signals whose amplitude is smaller than the 0.7V required

tor forward-bias the diode.
¥in

L.

Logarithmic Amplifier
Here output and diode’s voltage are equal in magnitude and of opposite signs. Since

ip == lzorp (tﬁﬂ)
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where Vo 18 the thermal voltage, equal to 25mV at room temperature. It follows that
v, = —tp = — Vg (log(vy /Ry ) — logl)

and 18 thus proportional to the logarithm off the input.

R,
Vi i L
| v,
Anti-logarithmic Amplifier
The current iy 15 given by
ip = Isexp (ﬂ—ﬂ)
. Ve

ar

. N
imn == Isexp ( T )

vg = —iyy Ry = IgRexp (t{,;)

Thus the output voltage is

R
Ve AV
—I—I-
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Comparator

An op amp can be used as a comparator in a circuit like the one shown below. This is a
non-linear circuit in which the ontput saturates to about ™ %, of the positive and negative
supply voltages. The polarity of the output voltage depends on the sign of the differential
Input, v; — VgEr.

The sketch shows non-ideal characteristics tipicallv found in op amps. The offset voltage,
Vorrser. 15 on the order of few millivolts and causes the transition from low to high to be
slightly displaced from the origin. voppser can be negative or positive, and 18 zero in an
ideal op amp. The posibility of having voltages between plus and minus vg.p, & consecuense
of the fimte gain of practical op amps, 12 also shown. Thiz part of the eurve wonld be vertical
if the op amp 15 ideal. Special mmtegrated circuits (like the MC1530) are specially buld to
be used as comparators and minimize these non-ideal effocts.
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