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Special Problem 2.6-1

The input to the circuit below is:
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where time t is in microseconds.

The slew rate of the op-amp is 10 V/sec.

The DC power supplies are V+ = 15 V and V- = -15 V.


1) If R2 = 1 K,  at what time t will the output signal 
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 begin to distort?

2) If R2  = 9 K,  at what time t will the output signal 
[image: image3.wmf]()

out

vt

 begin to distort?
Solution
1)  Remember, distortion can occur for two reasons: saturation and slew rate limiting!

Since the open-circuit voltage gain of this non-inverting amplifier is:
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The open-circuit output voltage is:
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Saturation occurs when the output signal gets too large!

I.E., the output of this amplifier begins to saturate when:
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Thus, we solve this equation for time t:
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Thus the amplifier is saturated for all time 
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Slew rate limiting occurs when the time derivative of the output signal gets too large (i.e., the output voltage tries to change too quickly!).

The time-derivative of that output voltage is:
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This output voltage becomes slew rate limited (thus distorting this output) if the value of this derivative becomes greater than the slew rate of the op-amp, or less than (more negative than) the the negative value of the slew rate(i.e., < -S.R.).

Thus, the output signal begins to slew rate limit when:
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Solving for time t :
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Thus, the output will distort due to slew rate limiting for all time 
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Summarizing, the output voltage will distort due to saturation when time 
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, and distort due to slew rate limiting when time 
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Clearly, the output signal will be distorted for all time 
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2)
Since the open-circuit voltage gain of this non-inverting amplifier is now:
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The open-circuit output voltage is:
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Saturation occurs when the output signal gets too large!

I.E., the output of this amplifier begins to saturate when:
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Thus, we solve this equation for time t:
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Thus the amplifier is saturated for all time 
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Slew rate limiting occurs when the time derivative of the output signal gets too large (i.e., the output voltage tries to change too quickly!).

The time-derivative of that output voltage is:
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This output voltage becomes slew rate limited (thus distorting this output) if the value of this derivative becomes greater than the slew rate of the op-amp, or less than (more negative than)  the negative value of the slew rate(i.e., < -S.R.).

Thus, the output signal begins to slew rate limit when:
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Solving for time t :
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Thus, the output will distort due to slew rate limiting for all time 
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Summarizing, the output voltage will distort due to saturation when time 
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, and distort due to slew rate limiting when time 
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Note that this larger output signal made both problems worse than in part 1) !

Clearly, the output signal will be distorted for all time 
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