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Abstract

A digital calibration technique based on digital-domain averaging for cyclic ADC is proposed. The proposed calibration
compensates for nonlinearity of ADC due to capacitance mismatch of capacitors in 1.5-bit/stage MDAC. A 1.5-bit/stage
MDAC with non-matched capacitors has symmetric residue plots with respect to the ideal residue plot. This intrinsic
characteristic of residue plot of MDAC is reflected as symmetric A/D transfer functions. A corrected A/D transfer function
can be acquired by averaging two transfer functions with non-linearity, which are symmetric with respect to the ideal
analog—digital transfer function. In order to implement the aforementioned averaging operation of analog-digital transfer
functions, a 12-hit cyclic ADC of this work defines two operational modes of 1.5-hit/stage MDAC. By operating MDAC as
the first operational mode, the cyclic ADC acquires 12.5-bits output code with nonlinearity. For the same sampled input
analog voltage, the cyclic ADC acquires another 12.5-bits output code with nonlinearity by operating MDAC as the second
operational mode. Since analog-digital transfer functions from each of operational mode of 1.5-bits/stage MDAC are
symmetric with respect to the ideal analog-digital transfer function, a corrected 12-bits output code can be acquired by
averaging two non-ideal 12.5-bits codes. The proposed digital calibration and 12-bit cyclic ADC are implemented by using
a 0.18-um CMOS process in the form of full custom. The measured SNDR(ENOB) and SFDR are 65.3dB (10.6bits) and
71.7dB, respectively. INL and DNL are measured to be —0.30/-0.33LSB and —0.63/+0.56LSB, respectively.
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Table2.  Performance comparison of sensor-interface ADCs.
IEICE'11" Jsscor Jssc11 Jssc12 TCASI'081! This work
ADC type SAR SAR SAR SAR cyclic cyclic
Resolution 6bits 8hits 12bits 10bits 12bits 12bits
Sampling 178.6kS/s 111k-400kS/s H5MS/s T63KS/s A0kS/s 416KS/s
Process 0.18um 0.18um 0.13pm 0.18um 0.13pm 0.18um
. 3.3V(Analog)
Supply 1.8V 0.83V-1.0V 12V 1.8V (Digital) 1.8V 1.8V
Input range rail-to-rail rail-to-rail rail-to—rail N.A. 2.2Vpp 1.6Vpp
DNL -0.1/+0.1LSB -0.90/+0.26LSB N.A. <0.55LSB -1.0/+08LSB | -0.30/+0.33LSB
INL -0.2/+0.2LSB -0.53/+0.5LSB N.A. <0.77LSB -1.8/+14LSB | -0.63/+0.56LSB
SNDR 37.0dB 47.4dB 68.4dB 62.1dB 63.3dB 65.3dB
(Fin=0.5kHz) (Fin=1kHz) (Fin=7.7MHz) (Fin=380kHz) (Fin=1kHz) (Fin=19kHz)
ENOB 5.9bits 7.58bits 11.1bits 10.0bits 10.2bits 10.6bits
(FINZO.BkHZ) (szlkHZ) (FIN:7.7NH{Z) (FL\FSBOKHZ) (Fn\:lkHZ) (FINzlngZ)
SEDR 46.2dB 58.9dB 91.8dB 65.1dB 80.2dB 71.7dB
(F[NZO.SkHZ) (FI\I:H{HZ) (FIN:7.7N[HZ) (FN:380kHZ) (FH\‘:H{HZ> (FINZIQKHZ)
Power SuW 2.4TW 3.06mW 53uW 63.4nW TmW
FoM 750f]/c—s 65f]/c—s 31.7f]/c-s 74£]/c—s 1.45p]/c—s 16.4pJ/c—s
Active area Imm’ 0.70mm’ 0.06mm’ 0.0lmm’ 0.041mm’ 0.81mm’
L I On—chip
Calibration - - Oflfn cshg%)t\ggletal Oflfn C;]é?t‘sla%gdl On-chip analog full-custom
digital
Application | Wireless sensor En:;gg;ggged General purpose Image sensor |Capacitive sensor| Touch sensor
98 Fugro] wrE SNDR % SFDRO| =423 o] AfAIH BA7IE-E AHEsAT) ald =9 cyclic
27t 19 14 9 09 159 20 RE F5 0delA ADCE wAYME AaddedE B 10298
100¥1E o]/d9] ENOBE AUE 21& 08 5 itk °] ENOBE Adth 3d w=itolA AR A7 e
AM Sl #o] g ADCSF ® =59 A% ADC AukA el cyclic ADCEU B2 7o A9E AL
a5 vl E2sk gk RuEaUs U g sp) diel, 290x9 maggoR s ENOB 4%
719E AREBEA 982 SAR ADCOlH sl EE 247 6 WA Fol At whe] F =e] EAVINME HA|
HES gHlEe] SFeeh SAR ADCE FRHoZ A 9 wle ngsdeln opdEa g2 F& 2
Hamrt B mie, oA 58 FoME 7|Eo® Ao A% 24 Aol dat A9 finh Fa
2o FuEdbla Wel SAR ADCS FoMe & =& 28000 cyclic ADC®] FoM& # =8 FoMETh
9] cyclic ADC®] FoMX.t} oF 22uf o] vt} ok 101 W& ot} i =59 cyclic ADCE #
gurd o 2 SAR ADCY ATAE EATS BAS HARE Zo]7] Y&l class-AB op—amp= A ¢tstod]
= HAVIHS A83 49 108 E o] ENOBE ¥ AFREHS 7] wjEo)] A Ao e FoMS €Al &
e 5 gk FuFdle Ple) SAR ADCE vAE ATt
BA7IHS o]gate] 717 111MES} 1008 E29] ENOB B =1 eyclic ADCO] A2 AR 2 FoMo| v a3
= dAe Y B =59 cyclic ADC ENOB+= 10.6 £ ol Aotsh= tAE HAVIHE AHsH] s
HEo] ggsln, Fuig Pe] ENOBHRUT 05H ERF A B =Rl cyclic ADCY A& LT} 28] Eolx]7]
Fouth e 2 =R AW BAEE 3 gRoth & B =R 049 e 433 9
3 Vet Blo) nAgzge) Barr u$ v o)z FUY 9 olgE ALS gAY I=E W o
Qe FaEA] WAV Bel, B =R wAIY F RS BARS(RES A RE BIE ARG of 3
< full-custom YAE 32E F o] F&o] 7}5sit) Aol A A|otsli= cyclic ADCS] &2t ApolE-9] ¢+
Cyclic ADCE 10R]E oJAte] f& A =s Ha 7 A& A cyclic ADCY &3} Ato]Z 74 R} 2w @
k= A I F o] 2o AMSE = 9tk i 29 Fa ofAH | o] & $lall 19 99 SHA29F MDACY] &4+

#AM cyclic ADCE 22914 7]wke) opdE W

(879)

Lt v Folxith o] & A étr] 918, SHA29F MDAC
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WAl OX Y BArIR Y g, 7 vES HAgAaS
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S AYe 184S Adh §9 dAF 39 1
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