PHYSICS 536

Experiment 11: IC OP-Amp and Negative Feedback
In this experiment you will measure the properties of an IC op-amp, compare the open-loop and closed-loop gain, observe deterioration of performance when the loop gain is not large, and observe the basic amplifiers (inverting, non-inverting, and follower). Please remember to compare your observed and expected values.

1. DC Characteristics. The DC output voltage is determined by the input currents (
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When 
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 is sensitive only to the difference between the input currents, called the input off-set current, 
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2. Closed-Loop Gain.
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INVERTING:

                  
[image: image10.wmf]00

2

0

1

with 

11/1(/)

bc

GG

R

GG

ABjffR

--

===

++


(13.72)

                         
[image: image11.wmf]0

where

 /()

bcTT

noninv

fBffG

-

==


                        (13.7)

The closed-loop gain is controlled by the feedback components when the loop-gain (AB) is large. Large loop-gain means that 
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 or 
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. The quality of the amplifier is determined by the loop-gain, which becomes approximately one as the signal frequency (f) approaches the closed-loop break frequency (
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3. Effect of Quality Ratio on Input and Output Characteristics. When 
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, the inverting input acts like a virtual ground, hence the signal (
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) at that point is very small.
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A is not much greater than 
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 unless 
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, hence the virtual ground concept (
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) is not valid when the signal frequency  (f) is close to 
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. The closed loop output resistance (
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 becomes approximately equal to the open-loop output resistance (
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) when 
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. Since the gain and output resistance are both frequency dependent, it is convenient to combine the two effects.
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This equation shows that adding a small load (
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) at the output of a feedback-amplifier has the same effect as reducing the break frequency (
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). 
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 has little effect when 
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, but it can cause a substantial decrease in gain when 
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4. The Slew Rate determines the maximum rate at which output voltage can change. The maximum amplitude that a sine wave can have without distortion is,
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The 741 op-amp is a general purpose device with 
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. It is fully compensated i.e., suitable for 
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). Set up the following circuit on the plug-in chassis. The op-amp should straddle the center space of the plug board. The two power pins (4 and 7) must be connected at the beginning, but the null circuit (pins 1 and 5) is not connected until step-5. The adjustable resistor is described on the last page of the general lab instructions. Adjust the power supplies for 15 volts before they are connected to the circuit. The op-amp will be destroyed if the power voltages exceed 18V. Turn off the power supply before you change components. The pins on the op-amp can be damaged when you pull it out of the circuit board. 
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Hold it at the ends or insert a small screwdriver under the op-amp to lift it from the board.


In some experiments it is sufficient to put by-pass capacitors at one end of the green and red power sockets. Op-amps may oscillate unless the by-pass capacitors are connected close to the DC voltage pins on the op-amp. Connect one end of a by-pass capacitor to the same row of sockets used for the op-amp pin (4 and 7). Connect the other end of the capacitor to ground. 

A. DC Limitations
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 will be adjusted in this part of the experiment to observe separately the effect of each of the input parameters. Table 4.1 in the text gives only the maximum values for 
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. The following typical values provided by the manufacturer should be used in calculations: 
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1) Calculate the expected value of 
[image: image48.wmf]0
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 for the resistor combinations given on the component sheet for steps 2,3, and 4. The term “meter” in the 
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 column is explained in step 3. You should check that they op-amp is working before beginning DC measurements. Apply a small, 100Hz sinusoidal signal at the input (A) and observe that an amplified sine wave appears at the output. Disconnect the signal generator before step 2. 

2) 
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 Measurement. Measure 
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 and calculate 
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. Why can 
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 be neglected in this measurement? Do not connect the null circuit until step 5.
3) 
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 Measurement. 
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 is replaced by the digital meter, which is set to record voltage. Connect a 0.1μf capacitor from pin 3 to ground to suppress noise generated by the digital meter at the input of the amplifier. The current 
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 goes into the + input and flows through a 10M resistor inside the meter to produce the measured voltage. (Refer to GI 2.2) Calculate 
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 using I=V (meter)/10M. Measure 
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 using the analog meter or the scope with the input connected for DC. Why is the effect of 
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4) Ios Measurement. Continue using the digital meter in place of 
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. Insert 
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 equal 10M, observe 
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, and calculate 
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. Notice that 
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 is much smaller in step 4 than in step 3, although 
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 has3 not changed. Explain this observation. Remove the meter and 0.1μf capacitor from pin 3. 

5) Null Adjustment. Connect the null circuit to pins 1 and 5. Make the connections specified for step 5A on the component sheet. Since the output is connected to 
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 and 
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 is zero, 
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is equal to 
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. Adjust the variable resistor until 
[image: image71.wmf]0

V

 is 
[image: image72.wmf]01

mV

±

. Next, change the gain to 1000 by using the 5B connections.  Now a small maladjustment of 
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 will have much more effect on 
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. Adjust the variable resistor to see how close you can get 
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 to zero. It should not be necessary to readjust the null because 
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 is satisfactory for the rest of this experiment. 
B. AC Limitations

The non-inverting amplifier form will be used for all measurement except steps 17-20, i.e. the input signal (
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) should be applied to point A.

6) Include in your laboratory report the calculated value of 
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7) Measure 
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 at 1kHz with 
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=1V. Compare 
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 using dual trace to see that they are in phase.

8) Saturation limits. Increase 
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 until the peaks of 
[image: image84.wmf]o

v

 are cut off by the amplitude limits. Report the observed saturation limits. The maximum output voltage should be approximately 1 volt smaller than the power supply voltages. Slew rate limits will be observed for square and sine waves.

9) Include in your laboratory report the following calculation. Given a positive slew-rate 
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 =1.5V/μsec and a negative slew-rate of –0.7V/μsec. Assume that the output signal is a 10V, 10kHz, “square” wave. Sketch 
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 showing time and voltage scale. Calculate the maximum amplitude hat a 20kHz sine wave can have without slew-rate distortion.

10) Initially use a 10V, 10kHz “square” wave for 
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, the observed slew rates may be substantially slower than the estimates give in step 9. If necessary, reduce the square wave frequency until 
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 has a constant voltage period between the changes. Measure the positive and negative slew rate from the scope trace. Draw a sketch of 
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.

11) Use a 20kHz sine wave to observe slew-rate distortion. Start with 
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 approximately 1V and increase the amplitude of the input signal (
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). You will notice that 
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 becomes distorted, looking more like a triangle than a sine wave. Compare the amplitude at which the distortion begins to that expected for the slew-rate observed in step 10.

12) 
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 limit. When the external load resistor (
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) is small, the output voltage is limited by the current available from the op-amp, 
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(max) = 
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(max)RL. Use a 10Khz, V input signal. Connect a 100 ohm resistor from the output to ground. Measure the positive and negative limits on the output signal and calculate the output current limits. 

C. Open-Loop and Closed-Loop Bode Plots

“Open-Loop” Bode Plot

It is practically impossible to measure the true open-loop gain of a high-gain op-amp. The low frequency gain is so high that the input noise causes large random variations at the output. The simplest way to reduce the low-frequency gain is to use negative feedback. Above the break frequency, the gain with feedback is approximately equal to the true open loop gain, as shown in the following sketch. 
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13) Include the following calculation in your laboratory report. Given 
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= 1 MHz, calculate the break frequency 
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14) Insert R1 and R2 in the circuit. Measure 
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 and the gain G1 at 0.1, 1, 10, and 100 times 
[image: image101.wmf]1
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. Use these 4 points to draw G1 on log-log graph paper. Use the two high frequency points to draw A. Your plot will be like the one shown above, except your axes should be quantitative.
Closed-Loop Bode Plot.

Change R1.

15) Calculate the new closed-loop gain G2 and break frequency 
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, assuming 
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 = 1 MHz. Include this in your laboratory report.
16) Measure G2 at mid frequency and measure 
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. (Review GIL-5.6A) Don’t exceed the slew limit. Calculate 
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 from G2 and 
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 and compare it to the typical value of 1MHz. Use the measured value of G2 and 
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 to add this closed loop again to the Bode plot started in step 14. Show 
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 on the Bode plot. The final Bode plot should be similar to the following sketch.
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D. Dependence of Quality on A/
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It is inconvenient to observe the input resistance of the op-amp because it is rather high, even without feedback (typically 2Meg). We will observe the output resistance and the virtual-ground signal at the input of the op-amp (
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) to see that both are very small when A >> 
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, but they increase when A drops with increasing frequency. 

Virtual Ground. Use the inverting amplifier arrangement. Disconnect point-B from common and connect the input signal (
[image: image113.wmf]s

v

) to point B.

17) Assume the input signal (
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) is 1V and calculate the signal (
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) at the inverting output of the op-amp at 100Hz, 1kHz, and 10kHz. Include this in your laboratory report.
18) Measure the signal (
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) at the inverting input of the op-amp at 10kHz. Observe that the signal 
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 becomes very small as the frequency is decreased.

19) Calculate 
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 for the inverting form. Include this in your laboratory report.
20) Measure G at mid-frequency. Compare the input signal (at point B) to the output signal using dual trace to see that the circuit inverts.
Output Resistance. Return to the non-inverting form (reconnect point B to common) and change the feedback to obtain a follower.

21) Compare the input and output signal and observe that they are essentially identical.

22) Include the following calculation in your laboratory report. Given 
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 = 75 ohms, 
[image: image120.wmf]s

v

 = 0.1V, and 
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 = 1MHz. Calculate the magnitude of 
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 at 10kHz, 100kHz, and 1MHz using equation 13.80. You should see that 
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 is small until the signal is near the break frequency. The most convenient way to see the effect that 
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 has on the output signal 
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 is to calculate the magnitude of 
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 using equation 13.83 and 13.84.

23) Use an input signal of V and measure 
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 at 10kHz, and 1MHz, with and without 
[image: image129.wmf]L

R

.

COMPONENTS

D = direct connection and X = no connection

	STEPS
	
[image: image130.wmf]1

R


	
[image: image131.wmf]2

R


	
[image: image132.wmf]3

R


	
[image: image133.wmf]L

R



	2
	10
[image: image134.wmf]W


	10
[image: image135.wmf]K


	100
[image: image136.wmf]W


	X

	3
	X
	D
	100 
[image: image137.wmf]W


	X

	4
	X
	10
[image: image138.wmf]M


	10
[image: image139.wmf]M

 (Meter)
	X

	5A
	X
	D
	10
[image: image140.wmf]M

 (Meter)
	X

	5B
	10
[image: image141.wmf]W


	10
[image: image142.wmf]K


	100
[image: image143.wmf]W


	X

	6-11
	1
[image: image144.wmf]K


	10
[image: image145.wmf]K


	100
[image: image146.wmf]W


	X

	12
	1
[image: image147.wmf]K


	20
[image: image148.wmf]K


	100
[image: image149.wmf]W


	100
[image: image150.wmf]W



	13-14
	10
[image: image151.wmf]W


	10
[image: image152.wmf]K


	100
[image: image153.wmf]W


	X

	15-16
	1
[image: image154.wmf]K


	10
[image: image155.wmf]K


	100
[image: image156.wmf]W


	X

	17-20
	1
[image: image157.wmf]K


	10
[image: image158.wmf]K


	100
[image: image159.wmf]W


	X

	21-24
	X
	D
	100
[image: image160.wmf]W


	100
[image: image161.wmf]W




COMPONENTS

	1
	741 op-amp

	3
	0.1
[image: image162.wmf]m

f

	1
	10
[image: image163.wmf]W



	2
	100
[image: image164.wmf]W



	2
	1
[image: image165.wmf]K



	1
	10
[image: image166.wmf]K



	1
	20
[image: image167.wmf]K



	1
	100
[image: image168.wmf]K



	1
	10
[image: image169.wmf]M



	1
	1
[image: image170.wmf]K

 Pot.



[image: image171.wmf]8    7    6    5  

1    2    3    4

         
[image: image172.wmf]R

L

-

15

V

0

.

1

µf

R

3

A

Vs

741

100

K

1

K

B

R

1

R

2

+

15

V

+

-

0

.

1

µf

1

2

3

4

5

6

7









PAGE  

_1142064410.unknown

_1142064482.unknown

_1142064554.unknown

_1142064588.unknown

_1142064604.unknown

_1145085020.vsd
8    7    6    5  


1    2    3    4



_1146634478.unknown

_1146634556.unknown

_1147075856.unknown

_1145085405.vsd
log gain


A


true open-loop gain


gain with feedback


log frequency


G1=A


fb1


G1



_1142064613.unknown

_1142064621.unknown

_1142064625.unknown

_1142064628.unknown

_1145084786.vsd
RL


-15V


0.1µf


R3


A


Vs


­741


100K


1K


B


R1


R2


+15V


+


-


0.1µf


1


2


3


4


5


6


7



_1142064623.unknown

_1142064617.unknown

_1142064619.unknown

_1142064615.unknown

_1142064609.unknown

_1142064611.unknown

_1142064606.unknown

_1142064596.unknown

_1142064600.unknown

_1142064602.unknown

_1142064598.unknown

_1142064592.unknown

_1142064594.unknown

_1142064590.unknown

_1142064571.unknown

_1142064579.unknown

_1142064583.unknown

_1142064585.unknown

_1142064581.unknown

_1142064575.unknown

_1142064577.unknown

_1142064573.unknown

_1142064562.unknown

_1142064567.unknown

_1142064569.unknown

_1142064564.unknown

_1142064558.unknown

_1142064560.unknown

_1142064556.unknown

_1142064520.unknown

_1142064537.unknown

_1142064546.unknown

_1142064550.unknown

_1142064552.unknown

_1142064548.unknown

_1142064541.unknown

_1142064543.unknown

_1142064539.unknown

_1142064529.unknown

_1142064533.unknown

_1142064535.unknown

_1142064531.unknown

_1142064525.unknown

_1142064527.unknown

_1142064523.unknown

_1142064504.unknown

_1142064512.unknown

_1142064516.unknown

_1142064518.unknown

_1142064514.unknown

_1142064508.unknown

_1142064510.unknown

_1142064506.unknown

_1142064491.unknown

_1142064495.unknown

_1142064501.unknown

_1142064493.unknown

_1142064487.unknown

_1142064489.unknown

_1142064485.unknown

_1142064445.unknown

_1142064461.unknown

_1142064472.unknown

_1142064476.unknown

_1142064478.unknown

_1142064474.unknown

_1142064466.unknown

_1142064468.unknown

_1142064464.unknown

_1142064453.unknown

_1142064457.unknown

_1142064459.unknown

_1142064455.unknown

_1142064449.unknown

_1142064451.unknown

_1142064447.unknown

_1142064426.unknown

_1142064437.unknown

_1142064441.unknown

_1142064443.unknown

_1142064439.unknown

_1142064430.unknown

_1142064435.unknown

_1142064428.unknown

_1142064418.unknown

_1142064422.unknown

_1142064424.unknown

_1142064420.unknown

_1142064414.unknown

_1142064416.unknown

_1142064412.unknown

_1142064339.unknown

_1142064374.unknown

_1142064391.unknown

_1142064401.unknown

_1142064405.unknown

_1142064408.unknown

_1142064403.unknown

_1142064397.unknown

_1142064399.unknown

_1142064395.unknown

_1142064383.unknown

_1142064387.unknown

_1142064389.unknown

_1142064385.unknown

_1142064378.unknown

_1142064380.unknown

_1142064376.unknown

_1142064357.unknown

_1142064366.unknown

_1142064370.unknown

_1142064372.unknown

_1142064368.unknown

_1142064362.unknown

_1142064364.unknown

_1142064360.unknown

_1142064349.unknown

_1142064353.unknown

_1142064355.unknown

_1142064351.unknown

_1142064343.unknown

_1142064345.unknown

_1142064341.unknown

_1142064305.unknown

_1142064322.unknown

_1142064330.unknown

_1142064335.unknown

_1142064337.unknown

_1142064332.unknown

_1142064326.unknown

_1142064328.unknown

_1142064324.unknown

_1142064314.unknown

_1142064318.unknown

_1142064320.unknown

_1142064316.unknown

_1142064310.unknown

_1142064312.unknown

_1142064308.unknown

_1142064283.unknown

_1142064295.unknown

_1142064301.unknown

_1142064303.unknown

_1142064297.unknown

_1142064287.unknown

_1142064293.unknown

_1142064285.unknown

_1142064274.unknown

_1142064278.unknown

_1142064280.unknown

_1142064276.unknown

_1142064270.unknown

_1142064272.unknown

_1142064268.unknown

