
 D
esigners often want to minimize amplitude error 
in sensor-based systems. This goal often leads to 
specifying the gain error of an amplifier’s closed-
loop gain over the frequency range of the sen-
sor. Engineers commonly specify the bandwidth 
of an amplifier in terms of its 23-dB frequency, 

but, from a gain-accuracy point of view, almost a 30% gain er-
ror occurs at this frequency. The term “effective bandwidth” 
connects the frequency response of the amplifier and the gain 
accuracy that the application requires. You define the effec-
tive bandwidth as the bandwidth for which the gain error is 
less than or equal to a specified error.

Effective bandwidth
Sensors have a relatively low frequency response, and, at 

lower frequencies, the gain error due to finite open-loop gain 
is small. You can calculate the effective bandwidth to main-
tain an error at less than a specified value from the single-
pole, closed-loop, frequency-response model of the ampli-
fier. It would be useful to calculate the effective bandwidth 
from specifications such as gain bandwidth that are common-
ly available in a data sheet. The relationship of an amplifier’s 
closed-loop bandwidth being equal to the gain bandwidth di-
vided by the gain is true for noninverting amplifiers and ap-
proximately true for inverting amplifiers.

The next consideration is what basis to use in defining the 
maximum amplitude error. In almost all systems, the analog 
portion of the signal path ends at the input of an ADC, and, 
by extension, the resolution of the ADC defines the error of 

interest. This article 
uses an error of ½ LSB 
of the ADC’s resolu-
tion as the maximum 
error. As the resolu-
tion of the ADC in-
creases, the maximum 
error decreases. Table 
1 shows the ½-LSB 
error for ADC resolu-
tions of 8 to 18 bits.

To easily evaluate 

the effect of the single-pole model on the gain error as a func-
tion of frequency, you calculate a normalized single-pole func-
tion. This calculation places the pole at 1 Hz, which represents 
the 23-dB loss in closed-loop gain, with an ideal closed-loop 
gain of one, or 0 dB. Using this single-pole model, you cal-
culate the frequency for a gain error less than or equal to the 
specified error. You can then calculate the effective bandwidth 
in terms of the 23-dB bandwidth of the closed-loop gain of 
the amplifier you are evaluating. Keep in mind that the 23-
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Decompensating amplifiers 
improve performance
Manufacturers offering unity-gain-stable amplifiers 
hope to address a wide market and minimize the effort of 
learning to use the device. Yet these vendors sacrifice 
a significant portion of the potential ac performance. 
learn when to consider decompensated 
ampLIFIERs and what they can offer you.

Figure 1 A single-pole function has a pole at 1 Hz.
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TABLE 1 ADC Resolution 
versus ½-LSB error
ADC resolution (bits) ½-LSB error

8 1.9531023

10 4.8831024

12 1.2231024

14 3.0531025

16 7.6331026

18 1.9131026

Figure 2 In this plot of the open-loop gain on a sample of the 
LMV796 and LMV793 amplifiers, the LMV796 displays the 
classic single-pole response with a pole at about 60 Hz and a 
unity-gain-crossover frequency of 17 MHz. The gain plot for the 
LMV793 shows a two-pole open-loop response due to decom-
pensating, or undercompensating, the amplifier.



dB point is almost a 30% gain error and that the bandwidth is 
smaller with a lower error specification.

Table 2 shows a small section of the spreadsheet calculations 
to help you visualize the gain roll-off with frequency. You cal-
culate equations 1, 2, and 3 versus frequency in columns 1, 2, 
and 3, respectively (Figure 1).

The next step is to find the frequency at which the gain er-
ror is equal to a ½ LSB of an ADC with specified bits of reso-
lution. Equation 4 calculates the ½-LSB error, given the reso-
lution of the ADC (Table 1).

To calculate the frequency at which the gain error is equal to 
the ½-LSB error, substitute Equation 4 into Equation 1 and 
rearrange it, yielding Equation 5. You use equations 4 and 5 
to calculate the values in Table 3.

In Table 3, the column with the heading “Frequency at error” 
gives the frequency at which the gain error is equal to a ½ LSB 
of the ADC’s resolution. At lower frequencies, the gain error is 
less than ½ LSB. This bandwidth is effective for the specified 
resolution. For example, the effective bandwidth of an ampli-
fier driving a 10-bit ADC is 0.03126 of the 23-dB frequency, 
and the effective bandwidth of a 14-bit ADC is 0.007813 of the 
23-dB frequency. If the amplifier has a closed-loop, 23-dB fre-
quency of 100 kHz, the effective bandwidths are 31.3 and 7.81 
kHz, respectively. Equations 1 through 5, which divide the gain 
bandwidth of an amplifier by its closed-loop gain, demonstrate 
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Table 2 Normalized one-pole function 
from 0.1 to 10 Hz

Frequency (Hz) Gain (V/V) Gain (dB)
Error at gain  
of one (V/V)

0.1 0.9950 10.0432 0.0050

0.2 0.9806 10.1703 0.0194

0.3 0.9578 10.3743 0.0422

0.4 0.9285 10.6446 0.0715

0.5 0.8944 10.9691 0.1056

0.6 0.8575 11.3354 0.1425

0.7 0.8192 11.7319 0.1808

0.8 0.7809 12.1484 0.2191

0.9 0.7433 12.5768 0.2567

1 0.7071 13.0103 0.2929

2 0.4472 16.9897 0.5528

3 0.3162 110.0000 0.6838

4 0.2425 112.3045 0.7575

5 0.1961 114.1497 0.8039

6 0.1644 115.6820 0.8356

7 0.1414 116.9897 0.8586

8 0.1240 118.1291 0.8760

9 0.1104 119.1381 0.8896

10 0.0995 120.0432 0.9005

Table 3 aDC resolution and normalized 
frequency at error value

ADC resolution (bits) ½-LSB error
Frequency at error 

value

8 1.95331023 6.25931022

10 4.88331024 3.12631022

12 1.22131024 1.56331022

14 3.05231025 7.81331023

16 7.62931026 3.90631023

18 1.90731026 1.95331023

20 4.76831027 9.76631024

22 1.19231027 4.88331024

Table 4 effective bandwidth for LMV793 and LMV796 at a gain of 100

ADC resolution (bits) ½-LSB error

Normalized bandwidth 
for less-than-½-LSB 

error

LMV796 bandwidth  
at closed-loop gain  

of 100 (Hz)

LMV793 bandwidth  
at closed-loop gain  

of 100 (Hz)

8 1.9531023 6.259031022 10,640 55,079

10 4.8831024 3.126031022 5314 27,509

12 1.2231024 1.563031022 2657 13,754

14 3.0531025 7.813031023 1328 6875

16 7.6331026 3.906031023 664 3437

18 1.9131026 1.953031023 332 1719
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that an amplifier’s effective bandwidth is substantially less than 
the 23-dB frequency that the theoretical usage reports.

Considering how you are using an amplifier in the signal 
path can partially offset the rapid loss of effective bandwidth. 
Amplifiers commonly use some amount of gain to scale the 
signal from a sensor to the input of an ADC. In many cases, 
the gain is greater than 10. Using gain with an amplifier elimi-
nates the need for unity-gain stability and reduces the amount 
of internal compensation the amplifier uses. The advantage of 
decompensating the amplifier is an increase in the available 
bandwidth and slew rate for the same power consumption.

Compensated versus decompensated
National Semiconductor’s (www.national.com) LMV793 

and LMV796 use the same design except for the amount of 
internal compensation. The LMV796 is unity-gain-stable, 
and the LMV793 is decompensated for a gain of 10. Figure 
2 plots the open-loop gain on a sample of each amplifier. The 
LMV796 displays the classic single-pole response with a pole 
at approximately 60 Hz and a unity-gain-crossover frequency 
of 17 MHz. The gain plot for the LMV793 shows a two-pole 
open-loop response due to decompensating, or undercom-
pensating, the amplifier. The plot shows the open-loop-gain 
shift to the right, indicating the higher frequency response of 
the LMV793. The first pole occurs at approximately 500 Hz, 
which is 440 Hz higher than that for the LMV796. A second 
pole occurs at 45 MHz, and the open-loop gain decreases at 
240 dB per decade and crosses the 0-dB axis at approximately 
56 MHz. The device achieves this increased bandwidth with-
out an increase in power consumption.

The decompensated LMV793 has significantly more band-
width for the same current consumption as the fully compen-
sated LMV796. This feature can provide a power savings over 
using a higher frequency, fully compensated amplifier, which 
typically would require a higher supply current.

For the LMV793, the gain bandwidth is 88 MHz for closed-
loop gains of 10 or more. A second pole occurs before the 
open-loop gain of 1, at approximately 51 MHz. For decompen-
sated amplifiers, the unity-gain frequency and the gain band-

width are no longer equal. The LMV793’s minimum gain for 
stability without using additional external compensation is 10 
or 20 dB.

The frequency-dependent closed-loop gain depends on the 
amplifier’s gain bandwidth. Amplifier data sheets routine-
ly specify the gain bandwidth of an amplifier, and, using the 
closed-loop gain of the amplifier, you can easily calculate the 
23-dB bandwidth. For example, the LMV796 has a gain band-
width of 17 MHz, and, if the closed-loop gain is 100, the band-
width of the amplifier is 0.17 MHz, or 170 kHz, and is the 23-
dB point in the amplifier’s frequency response. This point also 
has almost 30% gain error. The decompensated LMV793 has a 
gain bandwidth of 88 MHz for gains greater than 10. Continu-
ing the example at a closed-loop gain of 100, the LMV793 has 
a bandwidth of 0.88 MHz, or 880 kHz. The LMV793 has a gain 
bandwidth of 88 MHz at a gain of 10 and a slew-rate rising edge 
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Table 5 Gain versus beta and bandwidth
Inverting  
amplifier

Noninverting  
amplifier

Gain Beta Bandwidth Gain Beta Bandwidth

11 0.500 0.500 1 1.000 1.000

12 0.333 0.333 2 0.500 0.500

13 0.250 0.250 3 0.333 0.333

14 0.200 0.200 4 0.250 0.250

15 0.167 0.167 5 0.200 0.200

16 0.143 0.143 6 0.167 0.167

17 0.125 0.125 7 0.143 0.143

18 0.111 0.111 8 0.125 0.125

19 0.100 0.100 9 0.111 0.111

110 0.091 0.091 10 0.100 0.100

Figure 4 The bandwidth-versus-gain relationship demonstrates 
that, at low gains, there is significant loss of closed-loop band-
width for the inverting amplifier.
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Figure 3 A decompensated amplifier offers substantially more 
effective bandwidth for the same power consumption and gives 
the designer an additional degree of freedom in amplifier selec-
tion (a). The decompensated amplifier offers additional band-
width that can support higher ADC resolutions (b).



of 40V/msec. In contrast, the LMV796 has a gain bandwidth 
of 17 MHz at a gain of 10 and a slew-rate rising edge of 9.5V/
msec.

Added components affect gain
Many sensor applications have ac-signal components that 

can extend to tens of kilohertz and require accurate gain over 
this frequency range to maintain the amplitude accuracy of 
the signal. To accurately amplify a signal, the design must ac-
count for gain errors as a function of frequency. Table 4 shows 

the results of applying the effective-
bandwidth concepts to the LMV793 
and LMV796. An LMV796 with a 
closed-loop gain of 100 and a band-
width of 170 kHz would have the ef-
fective bandwidth that Column 4 of 
the table shows for the range of reso-
lutions the table lists. For example, 
at an ADC resolution of 14 bits, the 

effective bandwidth would be 1328 Hz. Table 4 shows that the 
LMV793 with a closed-loop gain of 100 and a bandwidth of 
880 kHz would have the effective bandwidth that Column 5 
lists for the range of resolutions the table lists. This amplifier, 
at an ADC resolution of 14 bits, has an effective bandwidth 
of 6875 Hz. As this example shows, the effective bandwidth is 
a small fraction of the 23-dB bandwidth. A decompensated 
amplifier offers substantially more effective bandwidth for the 

same power consumption and gives the designer an additional 
degree of freedom in amplifier selection. The decompensated 
amplifier offers additional bandwidth that can support higher 
ADC resolutions.

In discussions about the closed-loop bandwidth of amplifi-
ers, engineers often apply the gain bandwidth to noninvert-
ing and inverting amplifiers to estimate the closed-loop band-
width. Equation 6 relates the closed-loop bandwidth to the 
amplifier’s gain bandwidth and closed-loop gain.

where BW is the bandwidth and GBW is the gain band-
width.

The equation expresses a relationship that applies to non-
inverting amplifiers and approximately to inverting amplifi-
ers. As the gain of the inverting amplifier increases, the error 
in bandwidth, using Equation 6, becomes smaller. This con-
sideration is important when you are using different amplifier 
configurations. Figure 3 shows configurations of basic invert-
ing and noninverting amplifiers.

Consider beta
The closed-loop bandwidth of an amplifier is a function of 

the gain and the amount of feedback, also known as the feed-
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back factor, beta. Beta is the portion of the amplifier’s output 
that feeds back to the input. You calculate the beta of both 
configurations with the following equation:

The beta differs for noninverting and inverting amplifiers 
with the same absolute value of gain due to the difference 
in the resistor ratios necessary to set the same absolute val-
ue of gain. Table 5 shows the calculated beta and normal-
ized bandwidth for gains as high as 10 and 210. Equation 
8 shows the calculation for the bandwidth of a unity-gain-
stable amplifier in the inverting or the noninverting con-
figuration:

Figure 4 shows the bandwidth-versus-gain relationship, 
demonstrating that, at low gains, there is significant loss of 
closed-loop bandwidth for the inverting amplifier. For ex-
ample, the bandwidth of the inverting amplifier with a gain 
of 21 is half the bandwidth of the noninverting amplifier 
with a gain of 1. In these cases, if an application requires ad-
ditional bandwidth at the same level of power consumption, 

using a decompensated amplifier is an acceptable alterna-
tive. Offsetting the additional bandwidth at lower gains is 
the required external compensation to prevent the ampli-
fier from oscillating. Figure 4 also shows the bandwidth 
of the inverting gain to be asymptotic to the noninverting 
gain as the closed-loop gain increases. To externally com-
pensate the decompensated amplifier for low gains, refer to 
the LMV793 data sheet, which details various compensa-
tion techniques.

In summary, decompensated amplifiers provide an addi-
tional degree of freedom to circuit designers in meeting the 
performance, power, and price targets of their design. The 
additional circuitry that may be necessary for external com-
pensation has little effect on overall complexity but allows a 
more customized design to give better overall performance. 
Regardless of which design you use, understanding the de-
tails and trade-offs is necessary to fully meet the required 
specifications.EDN
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