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What 1s an Op-Amp?

An Operational Amplifier (known as an “Op-Amp”) 1s a device that is
used to amplify a signal using an external power source
Op-Amps are generally composed of: ™

c =

Transistors, Resistors, Capac:1tors Taverty

Non-Trwert
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Op-Amp internal circuit Diagram ¢ 1)
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Op-Amps and their Math

\]oxdc X (\h—\l‘-)

A traditional Op-Amp: \ )
owt = \< L\hr -N_

V, : hon-inverting input
V. : inverting input

Vit output

V., : positive power supply
V.. : negative power supply

Vout =K (V+ - V-)
K—> open Loof gaj’n

* The difference between the two inputs voltages (V, and V) multiplied by the gain (K, “amplification factor”) of the
Op-Amp gives you the output voltage

* The output voltage can only be as high as the difference between the power supply (V,, / V. )and ground (0 Volts)
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Saturation

Saturation 1s caused by increasing/decreasing the input voltage to cause the
output voltage to equal the power supply’s voltage*

The slope is normally much steeper than it is
shown here. Potentially just a few milli-volts (mV)
of change in the difference between V, and V.
could cause the op-amp to reach the saturation

level +
C\;.\_—\L) ¢ Ve >/ L\'S )

* Note that saturation level of traditional Op-Amp is

80% of supply voltage with exception of CMOS op-amp
which has a saturation at the power supply’s voltage

(Na-V.) & FVel> | -Ve )

Slope =K (“gain of
Op-Amp”)
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CHARACTERISTICS OF OPERATIONAL AMPLIFIERS

1. Input Bias Current and Input Offset Current: Tp =

= The input bias current is the average of the currents flowing into OPAMP terminals .(Ip+In)/2 Tdeel TB =D
Input bias current in the IC741 OPAMP is 500nA

= The input offset current is the difference between the currents flowing irg\;co{_OPAMP terminals (Ip-In).
t? S —

Ny o=+ \
A W2N g la]
2. Input Offset Voltage: (Tdea) Vofgy =ov) \N_ o—=>— =T\

— The OP amp are designed so that the final stage produces an output voltage of 0 Volts, when the two inputs are at

the same potential level. However Internal defects can lead to a DC offset at the output.

- The DC offset can be nulled by one of the following two ways. A DC voltage can be placed in one input terminal
when the Op amp is wired as a negative feedback amplifier. The voltage placed on the input is the input offset

voltage.
= In addition, the 741 has nulling terminals where a potentiometer can be connected. The external connections pins
1 and 5 are to the emitters of some internal transistors.
Vo = e (Ve -vC)
'\)-\- =\._ \,b - oV
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CHARACTERISTICS OF OPERATIONAL AMPLIFIERS..

3. Input and Output Resistances, Rin and Ro

The input resistance looking into the two input terminals of the op-amp is ideally infinite. This means that the

device draws no current. Tad Kizco

- For a real 741 op-amp, the input resistance is about 2 Mega ohms. V*',,_-,
For FET op-amps, this resistance can be much higher 102 ohms).

—> The output resistance on the other hand is ideally zero. (Ro=75 Ohms for 741 opamp).

tdeal’Rpz0o O - V.

4. Open Loop Gain

—> This is the gain of the op-amp if a signal is fed differentially into the input of the amp and no feedback loop is
present. This gain is ideally infinite, but in a real op-amp the maximum gain is finite (about 10°) .

—> The gain also depends strongly on frequency. For low frequency inputs it takes on its maximum value, but the
gain decreases rapidly as the input frequency goes up. For a 741, the gain decreases until it is only 1 at 1MHz.

\ID:. W C'\}.\-\J-B W< = ofen looe 8—6?,70 TC 74)
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CHARACTERISTICS OF OPERATIONAL AMPLIFIERS..

TC 74).
5.Slew Rate ¢ Theal = Tohnite) S 6| peec

- An ideal op-amp has an infinite frequency response. This means that no matter how fast the input changes,
the output will be able to keep up.

—> In practical op-amp,if the input signal changes too fast then the output will not be able to keep up. This is defined
as slewing and it results in distortion of the output waveform. Slew Rate = SR = maximum dvo/dt or the maximum
rate at which the output can change without distorting. A

Grosninge- to \og [ gon)

A Open Loop Gain

6. Gain - Bandwidth Product M
- The gain of the op-amp is frequency dependent. The _—
frequency response of the open loop gain is such that the @ o0
frequency decreases with gain. : -200D/ecan
—> It can be seen that the op-amp displays the property that s X _ Gain Bandwidth Product
the open-loop gain times the frequency is a constant. This i V) IR I0K = S0
constant is defined as the gain-bandwidth product and it Ciop = 10V |
is 1 x 10° for the 741 amplifier. ; = s s
1 10 100 1K 10K \100K M) 10M
Gro 5 \00K topy R
= K\od
K Z\v o< 196 X VD =t
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An Ideal Op-Amp Characteristics

* Infinite voltage gain

* Infinite input impedance

* Zero output impedance

* Infinite bandwidth

* Zero 1input offset voltage (1.e., exactly zero out if zero 1n).

e Zero input offset current
o Toliate S\ew Toke
o FUM INur WS Cuibnd
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Ideal versus Real Op-Amps

Parameter ________|deal TR T

Differential Voltage Gain ~-10°
Gain Bandwidth Product (Hz) co 1-20 MHz

Input Resistance (R) o 106 -1012 Q)
Output Resistance (R) 0 100 - 1000 Q
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Basic Op-Amp Circuits

* An op-amp amplifies the difference of the inputs V, and V.
(known as the differential input voltage)

 This 1s the equation for an open loop gain amplifier:

Vour = K( )

e Kis typically very large — at around 10,000 or more for IC
Op-Amps ( I°- 10 )

* This equation is the basis for all the types of amps we will

be discussing
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Open Loop vs Closed Loop Circuit

* A closed loop op-amp has feedback from the output to the
input, an open loop op-amp does not

Vin Neqattva $eedlax

| >igt:\—§t\'*'\]'> Vi Vout
_ .
é—l fo 741 ’ “M:Avt\!h)
SR, L—»NV‘ =
R R, A = Prette

Open Loop Closed Loop

00 Moo 1
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Op-Amp as Non-Inverting Amplifier

Amplifies the input voltage by a
constant

Closed loop op-amp

Voltage input connected to non-

inverting input out

Voltage output connected to inverting
input through a feedback resistor

Inverting input is also connected to
ground

Non-inverting input is only determined
by voltage output
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Op-Amp as Inverting Amplifier

* Amplifies and inverts the input voltage

* Closed loop op-amp

: . : : R
* Non-inverting input is determined by both voltage NO‘
input and output R
111
* The polarity of the output voltage is opposite to V,,—\W——- v
that of the input voltage — % out
 Input Voltage 1s connected to inverting terminal 1

* Output Voltage 1s fedback to inverting input
through a feedback resistor

* Non-inverting input is grounded
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Op-Amp as Adder/Summing Amplifier
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Op-Amp as Subtractor
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