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CMOS DACs and Op Amps Combine to Build Programmable Gain Amplifiers
Partll

by John Wynne

This Application Note investigates the performance of
dual CMOS DACs as gain determining elements in a PGA
system. It details how greater accuracy over a wider dy-
namic range can be achieved with a dual DAC circuit as
opposed to a single DAC solution. A dual DAC approach
spreads the required system gain over two stages. This
results in an overall system gain which is the product of
the individual gain stages, but the overall gain error is es-
sentially only the sum of the individual gain error terms.

Part | of this Application Note' looked at the error sources
which exist when a CMOS DAC is used as a programma-
ble resistance in the feedback loop of an op amp. A
detailed comparison was also made between the per-
formance of a PGA circuit based on a 14-bit DAC, the
AD7534,(AD7538) and a 12-bit DAC, the AD7545.

DUALDAC SOLUTION

With two DACs available in a single package — and, of
course, two op amps also available in a single package —
it becomes possible to use two simple PGA circuits in
series without taking up too much extra printed circuit
board area over that required by a single PGA stage. Fig-
ure 1 shows such a circuit. Each section contributes its
own gain errors and offset errors to the overall error. Gain
errors are due to DAC integral nonlinearity and to DAC
gain error. Offset errors are due to DAC leakage currents
and op amp input bias currents and input offset voltages.
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Figure 1. Dual DAC PGA Circuit

The dual DAC circuit does however exaggerate the dc
offset error terms. The offset errors of the first stage are
multiplied by the gain setting of the second stage. This
can lead to quite large dc offset voltages for large gain set-
tings, one third of a volt or more, at the output of the sec-
ond stage. For this reason, dual DAC PGA systems are
only considered suitable for ac signals, and the analysis
presented here emphasizes this.

Since DAC gain error can be trimmed to zero (whereas
nothing can be done to reduce the integral nonlinearity)
it is instructive to first consider both the system gain and
the percentage gain error due to DAC nonlinearity alone
and then to add the DAC gain error terms. Following this,
comparisons are made between the dual DAC perform-
ance and the performance of both the single 12-bit and
14-bit DAC systems which were the subject of Part | of
this Application Note.

THE BASIC EQUATIONS FOR ADUALDAC PGA
When only linearity errors are considered, the gain of a
single stage is:

Your _ 2"
Vin (N+x)

Where nis the resolution of the DAC
x isthe DAC linearity errorin LSBs
and Nisthe DACcodeindecimal.
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'With two similar stages in series the system gain is

obviously:
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Where A and B suffixes refer to DAC A (1st stage)
and DAC B (2nd stage) respectively.

The percentage gain error of a single stage, again assum-
ing zero DAC gainerror, can be expressed as:
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