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. Introduction

Incremental converters became a useful alternative of the dual-slope analog-to-digital convertersin
the eighties[1]. They were developed for the measurement of DC and low-frequency signals, and used
in digital voltmeters and sensor applications, where high absolute accuracy and low power consump-
tion are required.
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The incremental converter is structurally based on the classical delta-sigma (AX) converter, but
there are significant differences: (i) the converter does not operate continuously, (ii) both the analog
and digital integrator are reset after each conversion, and (iii) the decimating filter following the A
modulator is replaced with a different (easier) structure (in this case a simple counter is used).

Thefirst-order incremental converter’s biggest drawback isthat for » bit resolution it needs 2™ clock
periodsin each conversion cycle. Thisleadsto avery slow operation compared to its clock frequency.

The resolution of the converter (or the speed of the operation) can be improved either using higher-
order modulator structures (seee.g. in[2]), or using higher-order digital filtering and appropriate dither.
This latter solution is discussed below.
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Figure 1: First-order incremental converter and
its operation (n = 6, Vi, = .0818, no dither)

[I. Decimation Filters

Usually AY modulators use sinc!-type filters for low-pass filtering and decimating the modulated
signal. It can be proven that using I = & + 1%-order filtering, where k isthe order of the modulator, the
output signal-to-noise ratio (SNR) does not decrease [3]. However, [2] suggests to use only &™M-order
filtering for the incremental converter. It was also shown that using higher-order filtering, although the



resolution and the average accuracy increased, the quantization error around zero remained the same
(Fig. 2(b)). This performance degradation is due to the fact that in case of asmall DC input signal the
linearized models of the quantizer and the modulator are not valid any more.

[I1.  Application of the Dither Signal

This higher quantization error around zero can be eliminated using proper dither signal in the incre-
mental converter. Examining converters for digital voltmeters, [4] used self-subtracting and high-pass
filtered external dither with 10—-30 LSB amplitude added to the input signal. The solution needed
external circuitry to generate and to synchronize the dither with the modul ator.

This paper suggeststhe use of adither signal injected into the loop, right before the quantizer (Fig. 1).
This solution has severa advantages including that the dither signal is shaped by the noise transfer
function the same way as the quantization error, so it automatically becomes high-pass filtered. For
effective dithering, relatively high amplitude is needed for the injected dither signal, causing afew dB
dynamic range degradation of the input signal.

To verify the proposed technique, a 10-bit 1%-order
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Figure 2: Quantization error of a 1¥-order of the converter with the same number of clock cycles

converter around zero input. can beincreased by 3.5 bits (21 dB), without modifying

the analog hardware significantly (Fig. 2(c)). In other

words, instead of using a 1%-order converter with 2!3 = 8192 cycles to get 13 bit resolution, it is
enough to operate the same converter for lessthan 21° = 1024 cycles.
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V. Conclusion

A possibleway of enhancing the resolution of incremental converters was introduced in this paper. It
was shown that applying dither signal in the feedback loop and using higher-order filtering in the digital
domain, the resolution can be significantly improved. The proposed technique can also be extended
for higher-order structures.

References

[1] J. Robert, G. C. Temes, V. Valencic, R. Dessoulavy, and P. Deval, “A 16-hit low-voltage A/D converter,” 1EEE J. of
Solid-Sate Circuits, 22(2):157-63, Apr. 1987.

[2] J. Robert and P. Deval, “A second-order high-resolution incremental A/D converter with offset and charge injection
compensation,” |EEE J. of Solid-Sate Circuits, 23(3):736-41, June 1988.

[3] J. C. Candy, “Decimation for sigmadeltamodulation,” |EEE Trans. on Communication, 34(1):72—76, Jan. 1986.

[4] K. Badmirowski and B. Jackiewicz, “Application of deterministic dither signalsin digital voltmeter with sigma-delta

oversampled A/D converter” in Proc. of the 16™ IEEE Instr. and Meas. Tech. Conf. IMTC’ 99, vol. 3, pp. 1659-62,
Venice, Italy, 24—26 May 1999.



