
ELECTRONIC CIRCUITS AND DEVICES: UNIT 8

Operational Amplifiers (more useful circuits)

Part 1: Introduction

In the previous lab we looked at the 741 op-amp and some interesting circuits you can build 
with them. Here we take that another step further and consider the following applications:

Part 2: !e Comparator

Part 3: Astable Multivibrator

Part 2: The Comparator

A comparator is a device which compares two voltages or currents and switches its output 
depending on which is larger. As you can imagine, such a circuit can be easily constructed with 
an op-amp. Note however that there are dedicated comparators like the National 
Semiconductor LM339 (a Low Power Low O"set Voltage Quad Comparator) which will be 
faster than a general purpose op-amp wired up as a comparator. Nonetheless, as we have a 
bunch of LM471s on the bench...

Consider the circuit below:
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Question 2-1: Consider the case for positive input potentials. What will the output be 
(approximately)?

 Consider the case for negative input potentials. What will the output be 
(approximately)?

 Describe how this circuit could act as a comparator.

Question 2-2: Build the circuit above and hook your function generator up to the input. 
Select a reasonable frequency (say, a KHz or so) sine wave as input to the 
ampli#er. Using your oscilloscope, monitor the input on channel 1 and the 
output on channel 2.

 Sketch the input and output below and explain what you are seeing. Does the 
amplitude of the sine wave matter? Why (or why not)?
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Question 2-3: Of course we may not want to compare our input to zero volts. Maybe instead 
we wish to compare it to some arbitrary voltage (determined by the design of 
the circuit). Consider the circuit below and explain how it can be used to 
compare the input voltage to anything from 0 to +5 V by adjusting the values 
of R1 and R2.

-

+

V
in

V
out

+15V

–15VV
S

+5V R
1

R
2

82-305 Lab 8! Page 3



Question 2-4: If R1 is 10K!, what must R2 be in order to compare the input with +1V?

Question 2-5: Build the circuit, using a 10K! resistor for R1 and your variable resistor box 
for R2. Set R2 to the answer for Question 2-4 and, using your oscilloscope to 
monitor the input and output, draw the results for a ±2V sine wave at about 
1KHz. Is this what you expected? If not, adjust R2 to other values until you get 
the expected behavior, then re-think your earlier answers.

 (Note this circuit has a variety of applications, not the least of which is a 
battery tester!)
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Part 3: The Astable Multivibrator

A multivibrator is an electronic circuit used to implement a variety of simple two-state systems 
such as oscillators, timers and $ip $ops (e.g a clock signal). An astable multivibrator has two 
states, neither one stable. !e circuit therefore behaves as an oscillator with the time spent in 
each state controlled by the charging or discharging of a capacitor through a resistor. 
 
!e astable multivibrator may be created directly with transistors or with the use of integrated 
circuits such as op-amps or the venerable 555 timer. Here, we will consider such a circuit 
centered around a 741 op-amp.

For most op-amps, the output power comes from a connection to the positive and negative side 
of an external power supply. !ese are often referred to as the positive and negative rail 
voltages. And of course the output of the op-amp is never able to exceed these rail voltages 
(there’s no free lunch). (In reality, you can expect the output to reach about 80% of the rail 
voltage.)

An example of an astable multivibrator with an op-amp is shown below. Depending upon the 
initial conditions, the op-amp’s output will be driven to either the positive or negative rail. 
When this happens, the capacitor will either charge or discharge through resistor R3 (its voltage 
slowly rising or falling). As soon as the voltage at the op-amp’s inverting terminal is equal to 
the voltage at the non-inverting terminal (the op-amp’s output voltage divided between R1 and 
R2), the op-amp output will be driven to the opposing rail. !is process then repeats with the 
capacitor discharging if it had previously charged and vice versa. Once the inverting terminal 
reaches the voltage of the non-inverting terminal, the output again is driven to the opposing 
rail voltage and the cycle begins again.

Note in particular, the circuit above does not require an input beyond the external power 
supply!
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Question 3-1: Given the above circuit, predict the “shape” of the output waveform (triangle, 
square, sinusoid, etc.).

With a little math, and remembering our equation for the decay constant of a capacitor, it can 
be shown (with a little work) that the period of the astable multivibrator is given by:

T = 2C1R3ln(1+2R2/R1)

Question 3-2: For the following components, what value of R3 will give a frequency of 
500Hz?
R1 = 10K!
R2 = 100K!
C1 = 0.1µF

Question 3-3: Construct the astable multivibrator using the circuit diagram above and the 
parts listed in Question 3-2. Use your resistor box for R3 so you can set it to 
the calculated resistance. Was your prediction in Question 3-1 correct? Use 
your oscilloscope to measure the period and compare it with the expected 
value.
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Features
• Short circuit protection
• Excellent temperature stability
• Internal frequency compensation
• High Input voltage range
• Null of offset

Description
The LM741 series are general purpose operational amplifi-
ers. It is intended for a wide range of analog applications.
The high gain and wide range of  operating  voltage  provide
superior performance in intergrator, summing amplifier,  and
general feedback applications.

8-DIP

1

8-SOP

1

Internal Block Diagram

LM741
Si ngl e Op er at i on al  Am pl i f i er
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Schematic Diagram

Absolute Maximum Ratings (TA = 25°C)
Parameter Symbol Value Unit

Supply Voltage VCC ±18 V

Differential Input Voltage VI(DIFF) 30 V

Input Voltage VI ±15 V

Output Short Circuit Duration - Indefinite -

Power Dissipation PD 500 mW

Operating Temperature Range
LM741C
LM741I

TOPR 0 ~ + 70
-40 ~ +85

°C

Storage Temperature Range TSTG -65 ~ + 150 °C
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Electrical Characteristics
(VCC = 15V, VEE = - 15V. TA = 25 °C, unless otherwise specified)

Note:
1. Guaranteed by design.

Parameter Symbol Conditions
LM741C/LM741I

Unit
Min. Typ. Max.

Input Offset Voltage VIO
RS≤10KΩ - 2.0 6.0

mV
RS≤50Ω - - -

Input Offset Voltage
Adjustment Range VIO(R) VCC = ±20V - ±15 - mV

Input Offset Current IIO - - 20 200 nA
Input Bias Current IBIAS - - 80 500 nA
Input Resistance (Note1) RI VCC =±20V 0.3 2.0 - MΩ

Input Voltage Range VI(R) - ±12 ±13 - V

Large Signal Voltage Gain GV

RL≥2KΩ VCC =±20V,
VO(P-P) =±15V - - -

V/mV
VCC =±15V,
VO(P-P) =±10V 20 200 -

Output Short Circuit Current ISC - - 25 - mA

Output Voltage Swing VO(P-P)

VCC = ±20V RL≥10KΩ - - -

V
RL≥2KΩ - - -

VCC = ±15V RL≥10KΩ ±12 ±14 -
RL≥2KΩ ±10 ±13 -

Common Mode Rejection Ratio CMRR
RS≤10KΩ, VCM = ±12V 70 90 -

dB
RS≤50Ω, VCM = ±12V - - -

Power Supply Rejection Ratio PSRR

VCC = ±15V to VCC = ±15V
RS≤50Ω - - -

dB
VCC = ±15V to VCC = ±15V
RS≤10KΩ 77 96 -

Transient Rise Time TR
Unity Gain

- 0.3 - µs
Response Overshoot OS - 10 - %
Bandwidth BW - - - - MHz
Slew Rate SR Unity Gain - 0.5 - V/µs
Supply Current ICC RL= ∞Ω - 1.5 2.8 mA

Power Consumption PC
VCC = ±20V - - -

mW
VCC = ±15V - 50 85
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Electrical Characteristics
( 0°C ≤TA≤70 °C VCC = ±15V, unless otherwise specified)
The following specification apply over the range of 0°C ≤ TA ≤ +70 °C for the LM741C; and the -40°C ≤ TA ≤ +85 °C 
for the LM741I

Note :
1. Guaranteed by design.

Parameter Symbol Conditions
LM741C/LM741I

Unit
Min. Typ. Max.

Input Offset Voltage VIO
RS≤50Ω - - -

mV
RS≤10KΩ - - 7.5

Input Offset Voltage Drift ΔVIO/ΔT - - - µV/ °C
Input Offset Current IIO - - - 300 nA
Input Offset Current Drift ΔIIO/ΔT - - - nA/ °C
Input Bias Current IBIAS - - - 0.8 µA
Input Resistance (Note1) RI VCC = ±20V - - - MΩ

Input Voltage Range VI(R) - ±12 ±13 - V

Output Voltage Swing VO(P-P)

VCC =±20V
RS≥10KΩ - - -

V
RS≥2KΩ - - -

VCC =±15V
RS≥10KΩ ±12 ±14 -
RS≥2KΩ ±10 ±13 -

Output Short Circuit Current ISC - 10 - 40 mA

Common Mode Rejection Ratio CMRR
RS≤10KΩ, VCM = ±12V 70 90 -

dB
RS≤50Ω, VCM = ±12V - - -

Power Supply Rejection Ratio PSRR VCC = ±20V 
to ±5V

RS≤50Ω - - -
dB

RS≤10KΩ 77 96 -

Large Signal Voltage Gain GV RS≥2KΩ

VCC = ±20V,
VO(P-P) = ±15V - - -

V/mVVCC = ±15V,
VO(P.P) = ±10V 15 - -

VCC = ±15V,
VO(P-P) = ±2V - - -
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Typical Performance Characteristics

Figure 1. Output Resistance vs Frequency Figure 2. Input Resistance and Input 
Capacitance vs Frequency

Figure 3. Input Bias Current vs Ambient Temperature Figure 4. Power Consumption vs Ambient Temperature

Figure 5. Input Offset Current vs Ambient Temperature Figure 6. Input Resistance vs Ambient Temperature
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Typical Performance Characteristics (continued)

Figure 7. Normalized DC Parameters vs 
Ambient Temperature

Figure 8. Frequency Characteristics vs 
Ambient Temperature

Figure 9. Frequency Characteristics vs Supply Voltage Figure 10. Output Short Circuit Current vs 
Ambient Temperature

Figure 11. Transient Response Figure 12. Common-Mode Rejection Ratio
vs Frequency
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Typical Performance Characteristics (continued)

Figure 13. Voltage Follower Large Signal Pulse Response Figure 14. Output Swing and Input Range 
vs Supply Voltage
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Mechanical Dimensions
Package
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Mechanical Dimensions (Continued)
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LIFE SUPPORT POLICY 
FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES 
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR 
CORPORATION.  As used herein:

1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (b) support or sustain life, and (c) whose failure to 
perform when properly used in accordance with 
instructions for use provided in the labeling, can be 
reasonably expected to result in a significant injury of the 
user.

2. A critical component in any component of a life support 
device or system whose failure to perform can be 
reasonably expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

DISCLAIMER 
FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY 
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY 
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER 
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

Ordering Information
Product Number Package Operating Temperature

LM741CN 8-DIP
0 ~ + 70°C

LM741CM 8-SOP
LM741IN 8-DIP -40 ~ + 85°C


