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1. Abstract 

This paper presents an ultra-low power 10-bit capacitance to 
digital converter. Full dynamic circuits realize zero-static power 
and ultra-low FoM of 290 fJ/conv. steps. It, for example, consumes 
only 3 nA at sampling frequency of 30 Hz. A differential architec-
ture keeps the linearity error small up to the Nyquist frequency of 
sensor capacitance variation. Furthermore, internal clock signals 
are generated in self timed manner suitable for micro controller 
systems. The prototype was fabricated in 0.18 µm CMOS process 
and measured data fit with the real sensor characteristic precisely. 
These features are suitable for in-vivo medical systems or sen-
sor-telemetry micro systems because of the ultra-low power and 
zero-static current operation with the high precision measure of 
pressure in asynchronous micro controller systems. 
Keywords: differential architecture, capacitance-to-digital con-
verter and zero-static power. 
 
2. Introduction 

Recent researches in in-vivo medical systems utilizing 
pressure sensor are increasing greatly. The capacitive sensor is 
suitable because of a small size, high sensitivity, robust structure 
and needs no static current. Also, a sensor interface having 
small-size, low-power and moderate resolution (8-10 bits) A/D 
converter is indispensable. Several sensor interface architectures 
have been proposed so far as presented in [1-5]. However, power 
consumption and area of the entire circuit in these architectures are 
still large. This is due to the “semi-digital” solution in [1,2] which 
can not convert to a digital code directly, or due to power consum-
ing operational amplifier in [2-4]. A small-size capacitive sensor 
interface having single architecture of direct capacitance-to-digital 
converter (CDC) has been proposed in [5]. However, the power 
consumption is still large and the conversion accuracy is degraded 
by sensor capacitance variation during conversion. In order to ad-
dress these issues, a small-size, an ultra low-power differential 
architecture CDC is proposed in this paper. An asynchronous 
self-timed scheme minimizes the power consumption of clock 
circuit and size of digital part [6]. Additionally, a dynamic com-
parator with higher sensitivity than in [7] realized zero-static power 
consumption. 
 
3. Circuit Architecture 

The proposed circuit incorporates only one off-chip capaci-
tive pressure sensor CX, two identical capacitor DACs, a compara-
tor, an asynchronous logic and opposite phase switches S1,⎯S1 as 
shown in Fig. 1. The circuit operates in two phase, based on binary 
search algorithm with a charge redistribution technique in [5].  
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Fig. 1. Simplified block diagrams of the proposed CDC architecture and 

inside capacitor DAC 
 
In the single architecture, determination of every bit is based 

on comparison result between the capacitor DAC output and the 
common-mode voltage Vcm. Thus, the DC level of the capacitor 
DAC output must be kept equal to Vcm. However, if the sensor 
capacitance varies in the conversion phase, this DC level will 
deviate from Vcm. Thus, this causes a conversion error. 

The proposed differential architecture releases the sensor ca-
pacitance variation equally into two capacitor DAC outputs. In the 
sampling phase, switch S1 is turned on and switches of bottom 
plates of the capacitor DAC are connected to Vref or GND to store 
charge. In the conversion phase, switch S1 is turned off. The volt-
age VX − VY at nth bit determination is defined as follow: 
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where C is a unit capacitance, CX_sam, CX_con are sensor capacitan-
ces in the sampling phase and conversion phase, respectively. All 
of bits are evaluated step by step to make the voltage VX – VY ap-
proaching zero. From Eq. (1), the comparison result is just deter-
mined by the numerator and not affected from the sensor capaci-
tance variation in the conversion phase CX_con. Additionally, the 
differential architecture also reduces kickback noise and com-
mon-mode voltage fluctuation. The asynchronous self timed 
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TABLE 1 

Performance comparison of this work and other reported design 
 Reported in [2] Reported in [3] Reported in [5] This work 

Process Technology 0.35 µm Bipolar 0.35 µm CMOS 0.18 µm CMOS 0.18 µm CMOS 
Supply Voltage 3.3 V 1 V 1.4 V 1.4 V 

Resolution (ENOB of ADC) N/A 12Bit (10.2) 8Bit (6.83) 10Bit (8.25) 
Total Current Consumption 4.8 mA 895 nA 169 µA 3 nA 

Conversion Frequency 20 kSps 1 kSps 262 kSps 30 Sps 
Size of Core 0.2 mm2 1 mm2 0.026 mm2 (Cm = 3.6 pF) 0.13 mm2  (Cm = 10 pF x 2) 
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Fig. 2. Linearity error due to capacitance variation in conversion phase for 

single and differential schemes 

 
Fig. 3. Die photo micrograph 
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Fig. 4. Digital code and estimated sensor capacitance vs. input pressure 

 
scheme is introduced to minimize the power consumption of the 
clock circuits and to realize asynchronous control by micro con-
troller. 

More highly sensitive dynamic comparator is required to re-
alize higher resolution for this capacitive sensor application than 
the conventional SAR ADCs. This is because |VX – VY| is lowered 
by the sensor capacitance. Therefore, in this circuit, we increased 
capacitances between two latch stages of the comparator in [7].      

 
Furthermore, the ranging capacitor array Cm is increased to 

cancel the stray capacitance at air pressure completely. Fig. 2 
shows simulated linearity error caused by capacitance variation in 
conversion phase for single and differential schemes. Conventional 
single scheme degrades linearity so much. In contrast, the pro-
posed differential scheme keeps the error sufficiently small. Fig. 3 
shows the die photo micrograph. 
 
4. Experimental Results 

Experimental result of the conversion from capacitance of the 
capacitive pressure sensor to digital code by the proposed CDC is 
demonstrated in Fig. 3. Abscissas axis is the pressure applied to the 
capacitive pressure sensor; the left and the right ordinate axis are 
the output digital code converted by the CDC and the capacitance 
measured by impedance analyzer (4294A: Agilent), respectively. 
The result fits with the characteristic of the real capacitive pressure 
sensor precisely. 

The prototype consumes only 6.3 µA at 100 kSps and 3 nA 
at 30 Sps. The FoM is about 290 fJ/conv. steps. 

Since a conventional sampling frequency of capacitive pres-
sure sensor for biomedical applications and environment monitor-
ing is several ten Hz, this small current consumption at low con-
version frequency is very effective for these applications, in par-
ticular for the in-vivo sensor telemetry systems. 

Table 1 summarizes the prototype’s performance and com-
pares with other reported works. This work is superior in ultimate 
low power, reasonable occupied area and suitable for microcon-
troller systems because of the asynchronous self-timed scheme. 
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