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Abstract

This paper presents a low offset voltage dynamic latched
comparator using a full-digital calibration for low-power
ADCs. The designed comparator uses a reconfigurable
differential pair and the configuration is determined by
digital calibration scheme to minimize its offset voltage.
A detection of the offset voltage in the calibration scheme
is realized by a stochastic offset detection technique. The
designed comparator fabricated in a standard 0.18-ym
CMOS process achieves a standard deviation of the offset
voltage of 600 //V and the measured power consumption is
4.44 1 W at a power supply of 1.5 V.

1. Introduction

A low-power precise dynamic latched comparator for
ADCs is needed for many sensor systems, including analog
frontend circuits for multi-channel arrayed sensor systems.
Although a scaling of CMOS technology enables low-power
operation in digital systems, an offset voltage of a compara-
tor increases because of the MOSFET mismatch [1]. When
designing an ADC, a comparator’s unacceptable offset volt-
age degrades an ADC’s effective number of bit (ENOB) [2].
Therefore, an offset reduction technique for comparators is
necessary.

In conventional ways, a preamplifier is often used in front
of the dynamic stage to reduce the offset voltage [3]. How-
ever, such a preamplifier consumes chip area and static power.
On the other hand, a digitally self-calibrating technique named
as automatic differential-pair matching (ADPM), has been re-
ported in [4]. Fig. 1 shows a block diagram of a designed
comparator with the digital calibration loop for ADPM. The
offset voltage of the comparator follows the Gaussian proba-
bility distribution. In this method, a reconfigurable differen-
tial pair (RDP) that composed of some separated MOSFETs
and some switches to change connectivity is introduced in the
comparator’s input stage. The RDP is configured to minimize
the offset voltage of the comparator by calibration logic. The
technique does not use any capacitors as an analog memory
to hold a calibration result. Therefore, the ADPM is suitable
for low-power applications. In this case, since this digitally-
assisted technique has only been applied to a linear circuit like
an amplifier because its ease of detection of the offset voltage
during calibration, other solution is needed if a non-linear cir-
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Fig. 1 Block diagram of the comparator with digital calibration
loop for automatic differential-pair matching (ADPM).

cuit like a comparator uses the ADPM for low-power realiza-
tion. An offset detection technique for the dynamic latched
comparator has been proposed in [5]. This technique is based
on a time-domain offset detection and can be realized by full-
digital circuits. However, in this technique, a time-to-digital
converter (TDC) that consumes large chip area and power is
required to measure a comparator’s metastable time. Another
offset detection technique also has been proposed in [6]. This
technique is based on a stochastic method and performed in
digital domain. However, this technique requires a high reso-
Iution DAC to compensate the offset voltage and a calibration
processor must operate constantly in the background of using
the comparator. This paper proposes full-digital offset detec-
tion technique based on a stochastic method that provides a
simple digital part, resulting in small area and low-power op-
eration.

2. Self-Calibrating Comparator Using A Stochastic Off-
set Detection

In general, result of the comparator has some uncertainly
due to an input-referred noise when an input voltage of the
comparator Viy = Viny — Vino is small. Fig. 2 shows a
cumulative distribution function (CDF) of Vin. If Vog = 0,
probability for Vour = VouT+ — Vour— = +1 is 50 per-
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Fig. 2 Uncertainness of the comparison result by the comparator

noise; (a) cumulate distribution function (CDF) of Vix when
Vos = 0V; (b) CDF of Vin when Vos # 0V.
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Fig. 3 Block diagram of the proposed stochastic offset voltage
detector.

cent at Viy = OV [Fig. 2(a)]. When Vpg # 0, an mean of
the CDF p(Vix) shifts from OV to —V g [Fig. 2(b)]. There-
fore, Vpg can be detected by measuring a probability for
Vour = +1 at Vix = 0V. The proposed technique can
be easily realized by some basic digital components.

Fig. 3 shows block diagram of the proposed stochastic oft-
set detector. The detector consists of two binary counters
(CNTy, CNT53) and a subtractor (SUB). Two inputs of the
detector are connected to output terminals of the comparator
Vours, Vour—. CNT; counts up when Voyry = +1.
CNT; also counts up when Vour— = +1. In the calibra-
tion mode, two input terminals of the comparator Vin4,Vin—
are shorted and the resulting input voltage of the compara-
tor is Vix = Vog + vin. The comparator outputs a ran-
dom bit stream that follows the Gaussian probability distri-
bution. When measurement starts, CNT; and CNT, are reset
to zero. These counters operate in synchronization with com-
parator latch signal LATCH and count an each bit stream of
Vour+, Vour—. Finally, resulting probability correspond-
ing Vos (DouT) can be obtained by SUB that outputs a dif-
ference between Q1 and Qs. If Vg > 0, then Doyt > 0. In
contrast, Doyt < 0if Vpg < 0. If the absolute value of Vg
is small, Doyt approaches zero. The calibration logic shown
in Fig. 1 configures the RDP to minimize the absolute value
of DOUT .

3. Measurement Results

18 prototypes of the proposed comparator have been fabri-
cated in 0.18-pm CMOS process. The chip microphotograph
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Fig. 4 Chip microphotograph.
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Fig. 5 Measured input-referred offset voltage; (a) before and (b)
after calibration.

g 10 p——rrrrm—r—rrrr——rrrr
= E E
= F o ]
5 1k . ]
g F o ! E
3 041 E =
c E =
[e] - L] ]
© 001k e 2
© 3 3
§ 0.001 C 1 IR 1 IR 1 IIIIIII-

1k 10k 100k 1™
Sampling Frequency [Hz]
Fig. 6 Measured power consumption as a function of sampling
frequency after calibration.

of this prototype is shown in Fig. 4, the die area of which is
157 pm x 50 pm. The prototype chip architecture is based
on Ref. [5] that is composed of the comparator core with the
RDP and registers for interface to an external MCU. In this
design, the proposed offset detector and the calibration logic
are implemented by the external MCU. The histogram of the
input-referred offset voltage is shown in Fig. 5. It is confirmed
that the standard deviation of offset voltage o(Vog), is im-
proved from 7.05 mV to 600 1V, which can be achieved by
using the proposed detector and calibration scheme based on
the ADPM. Measured power consumption of the comparator
is 4.44 uW at 1 MHz sampling frequency is shown in Fig. 6.
Therefore, the proposed stochastic offset detection technique
is suitable for low power ADCs.
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