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Adjusting the A/D voltage reference
to provide gain

By Russell Anderson (Email: anderson_russ@ti.com)
Senior Applications Engineer

The purpose of providing gain in the analog-to-
digital converter (ADC) is to boost the signal and
thereby improve the signal-to-noise ratio (SNR).
Even in ADCs that have internal programmable
gain amplifiers (PGAs), some noise also gets
amplified so that a doubling of the SNR is not
achieved for each doubling of the programmable
gain. This article shows how changing the refer-
ence voltage can achieve gain even in those ADCs
that have no PGA.

The reference voltage defines the range of volt-
age inputs and therefore the size of the LSB. For
an N-bit converter, the LSB is defined as

Figure 1. ADS1253 RMS noise vs. VRer in ppm of full-scale
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The full-scale voltage range may not always be
VREF; depending on the particular ADC, it could
be 2VRgr or +Vrgr. But regardless of how the
output codes are mapped, they are directly influ- VRer Voltage (V)
enced by the value of VRgp. A smaller voltage for
VREF will mean that all the output codes are con-
strained to a smaller voltage range and that the
LSB will be a smaller voltage.
The observed noise in the output codes comes
from two sources: (1) analog noise sources (ran-

dom and synchronous) and (2) quantization noise. . B

When the bit size is larde, a3 in an 8- or 12-b1
ADC, the dominant noise source is expected to be
quantization noise. But for high-resolution convert-
ers of 24 bits, the quantization noise could be the
smallest noise source. Even when quantization noise
is not the major source, reducing it to contribute
even less to the overall result can still be useful.

If we look at the RMS noise as a function of the
reference voltage for the ADS1253 (Figure 1), we
notice that, as a percentage of full-scale, the
smallest noise is achieved with the largest VRgp.
This is because, as we increase VRgr, we are
increasing the LSB; therefore, the dominant noise
source starts to be influenced more by quantiza-
tion noise and less by other noise sources. Or at
least, the other noise sources do not increase as
fast and therefore contribute less to the larger 0 1 2 3 4 5
voltage range and larger LSB size. VRer Voltage (V)

If we convert the graph in Figure 1 to a graph of
the amplitude of the noise in volts (Figure 2), we
can see that the total noise is actually increasing as
quantization noise becomes a more significant factor.

We can now see that the lowest noise occurs at
a Vrer of 1 V. This can be a significant factor as we
examine the voltage range of the input signal.
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Let’s start by looking at the case of a VRgF of
5V (Figure 3). If the input signal is smaller than
the full-scale range of 10 V (-5 V to +5 V), then it
would be more useful to plot the noise versus the
signal full-scale value. For example, a noise of 5 ppm
with a 5-V full-scale is 10 ppm if the full-scale
range is only 2.5 V. It is the magnitude of the noise
relative to the signal amplitude that holds our
main interest.

The lowest line in Figure 3 is noise versus VRgp.
The other lines are noise versus signal voltage.

As can be seen with these different full-scale
signals, the best noise performance is achieved
when the VRgr matches the full-scale range of the
input signal, although there doesn’t appear to be
any benefit to have a VRgr lower than 1 V.

With a lower reference voltage, more of the out-
put codes are used with the smaller range of input
voltages. This is the same as providing gain in the
ADC. Normally the reference is 5 V; but with a
VREF of 2.5 V the effect is a gain of 2, and a VRrr
of 1.25 V would be equivalent to a gain of 4. A gain
of 5 seems to be the maximum useful gain, with a
VRerof 1 V.
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Figure 3. RMS noise vs. signal and VRgf voltage
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Safe Harbor Statement: This publication may contain forward-
looking statements that involve a number of risks and
uncertainties. These “forward-looking statements” are intended
to qualify for the safe harbor from liability established by the
Private Securities Litigation Reform Act of 1995. These forward-
looking statements generally can be identified by phrases such
as Tl or its management “believes,” "“expects,” “anticipates,”
“foresees,” “forecasts,” “estimates” or other words or phrases
of similar import. Similarly, such statements herein that describe
the company's products, business strategy, outlook, objectives,
plans, intentions or goals also are forward-looking statements.
All such forward-looking statements are subject to certain risks
and uncertainties that could cause actual results to differ
materially from those in forward-looking statements. Please
refer to Tl's most recent Form 10-K for more information on the
risks and uncertainties that could materially affect future results
of operations. We disclaim any intention or obligation to update
any forward-looking statements as a result of developments
occurring after the date of this publication.
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