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An ALL-Digital Time A/D Converter TAD for Digital Sensors
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In recent years, sensor technology has become one of the most important and critical items for many sophisticated
systems such as automotive subsystems, various mobile devices, audio/visual equipment, medical and biological
devices, and in particular the ever-increasing robotic systems. Today, many sensors are still of the analog type.
However, to improve their application in these domains, sensors must deliver higher performance and be more
compact, less expensive, and consume less power for sensor networks. Accordingly, the most effective solution must
be sensor digitization for any and all sensors. We have therefore developed an all-digital A/D converter TAD (Time
A/D converter) as a versatile and scalable ADC. More and more such demands will grow with expanding applica-
tions under severe conditions. Again, sensor digitization will be much more important for achieving higher reliability
and durability at very low cost. This paper describes the following: The TAD operation principle and its circuit
structure, evaluation results, sensor application examples, and multi-functionality based on time-domain processing.

Finally, scaling effects and possibilities with 65-nm CMOS TAD are discussed.
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Fig. 1 Digital sensor IC and sensor ADC prerequisites.
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Fig. 2 Block diagram of A/D Converter (TAD) and Delay
Unit (DU).
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Table 1 Nonlinearity Error with Correction (%FS).

V., center voliage (V)

Yy, $pan ] T T T
Non-correction 200 mV =+0.130 0,182 =+0.207

1000 mV - - =£1.022
Multi-line 200mV | 0037 +0.047 +0.052
Approximation | 1000 mV - - +(.264
Parabolic 200 mV 0,011 +(.005 +0.001
Approximation| 1000 mV a N +0).041
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Fig. 3 Photo of 22-bit 0.65 . m CMOS TAD-IC Core
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Fig. 5 Example of digital-type pressure sensor IC in 0.65
wxm CMOS

Table 2 Performance Summary of TAD-type TDC

¥, level 1oV L8V
Meas, range 20 ns—12:3 ms 20 054200 ps
Time resolution 368 ps 126 ps
Output bits 25 25

INL < (1. 2%FS < (0.2%FS
DNL < (L5LSH < 0.5LSB
Pc 1.3 mW 1.7 mW
Active aren 0,044 mm?*

Process (), 1 8-pum Digital CMOS
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Fig. 6 Block diagram of All-Digital PLL (ADPLL) with RDL.
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Fig. 11 Time-accuracy Correction Method.
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Fig. 12 INL Correction Results of TAD-type TDC (1.5 um
CMOS).
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Fig. 15 (a) TAD input signal Vi, with Noise. (b) TAD
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Fig. 16 Principle of Synchronous Detection for TAD-
OFDM.
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