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ABSTRACT

This paper describes a 10-bit 10-MS/s asynchronous successive approximation register (SAR)
analog-to-digital converter (ADC) with a rail-to-rail input range. The proposed SAR ADC consists of a
capacitor digital-analog converter (DAC), a SAR logic and a comparator. To reduce the frequency of an
external clock, the internal clock which is asynchronously generated by the SAR logic and the comparator is
used. The time-domain comparator with a offset calibration technique is used to achieve a high resolution.
To reduce the power consumption and area, a split capacitor-based differential DAC is used. The designed
asynchronous SAR ADC is fabricated by using a 0.18 um CMOS process, and the active area is 420x140 pm?®.
It consumes the power of 0.818 mW with a 1.8 V supply and the FoM is 91.8 f]J/conversion-step.

719 =

SAR ADC, Asynchronous SAR, successive approximation, time-domain comparator

(S = w9tk 7]1€9 SAR ADCE W2 sampling

rate WiEoll AlAM QIEF o] A mlo] & -BF-of

H W2 FoblA A digk el = o FeEdon HdE $4] ~ F¥ MHz7t
oA ofell Mg FAFZALY (SAR: successive %] sampling rateE 7} SAR ADC7F ATH]

approximation register) °PHEL-TIAY W37
(ADC: analog-to-digital converter)”} & F&&

A pipeline ADC®] @dHold HHL, F4l
s &zokll HEstA =y



ARE=EH|Ql Ww7)E o]83h= 10—bit 10-MS/s 0.18—um CMOS HI%E7] FA2ARE opd@1-t)x|d ¥g)

B =EdAE SAR ADCE TAF el A
Nyquist rate®] sampling clock frequencyZ ©|-&
st7] Qs vlE7gAe AdEskelth 719 SAR
ADCel A= 10-bits T-83H7] 9130 reset, sample
TRE EFEe] 12 cycleo] &7-%aL, ol wlhel
sampling rate®] 10 ®] o]}o] &9 Furt &
83t olEgk o]fZ SAR ADC® sampling
rate= A|gkE kel LAYk AW HlET] W
AE ARgSHA HE o] EAlE AT = St
ol 9 =¢ol o UrHoer FHS YA
stel ADCE & 2HA17]E 249 3 F
Zlniet ol R il
sampling rateE WFAA F Slth

Aersl= 10-bit 10-MS/s H]E7] SAR ADCE
railto-rail input rangeE 7FA3! split based-capacitor
differential DAC, time-domain comparator, SAR
logice= FA45™, 18V supply® 0.18-um
CMOS &gl A .

r

”
o o
>,

Il. H|S7] SAR ADC *=

A kst 10-bit 10-MS/s H]%7] SAR ADCE
¥ 1@ #22 EF5E9 Zo] time-domain
comparator, split capacitor-based differential
DAC, SAR logic, Z18]3L FSMo.2 AT
AR FAE fF WE 2Ee N FYe
25 E H57] SAR logic? comparator®] &=+l
o8 AAdt. 29 1(b)x= Y57l SAR ADCY]
Efe]W molth. ADCi= 10 ¥e] dlojE] Wighe] &

4 Zo= reset REE FXFl] AHARE X
astsla, vl 95 S oI A2 4y
S AES (1]

6

Offset calibration cod

Vpac+ .
Time-domain

Vins— Split-Capacitor|
Vin.—»| based DAC

FSM

Voac-

10410 Comp_out

Dour

clk_ex

reset

sample

conv
clk_in
valid

comp_out

J8 1. Metsk= HIS7] SAR ADC (a) 28
(b) Efo| U =

INP Vi outl|— ] IN+ out1 IN1 —» out
clke —{ckVCDC TA Binary
out2[—{ IN- out2 IN2 PD —> out
INM —| Vin-
valid

12 2. Time-domain comparator®] 25T

B2
E%—L‘

1% 2% time-domain comparator?]
voltage controlled delay converter (VCDC), time
amplifier (TA), “18]3l binary phase detector
(binary PD)® A%tk DACOA =%#
voltage difference® VCDCE ©]-&3}o] time
difference® ¥ 3FA]7]3L, TAOlA] time difference
& ZE3%t. 193l binary PDYAl  time
differences H|ulsle] TIAE ghow W gt

vdd vdd vdd
clk clk
out1 out2
si s1—[_ s0— -s0b_Jb-s1b_Jp—s2b

P1

clk inr_rq CB'EL inp

Iz

P2
|ln JEHEIK Pi_n clk

a3 3. Differential voltage controlled delay
converter

19 32 Al%kek= veDCe] 32 Eoth clkol
highd ™, VCDC:= precharge 7122 outl,
out2= 02 &Y "o cko] lowd 9, outl
W oout2e 15 A He=d 4= voltage
differencecl] 9] ZYo] high® *lo]¥&= AH
o] 24 Ho] time differences s & Ytk
a7k vk F ckel YA high7b ol
pre-charge T-7to] =W P1, P2, Ql, Q2 =t
floating % El7F vk vh5o] Aeg vluE 9
P1, P2 ==+ 0 V7} Y31 Q1, Q2 ==+ Vpp7t
2 3RS switchE AFQlskolrh. Ad7lE SAR
ADCE & 719 comparatorg AM&3st1, 1 57
o AAl ADCe| sl W% T3] wiel
comparator®] offsetS | AsF7] s VCDCol
offset B4 I ZE F7}8Ith & 12 HA code
o] WE comparator®] offset Bl3}E HoF
Default codei= 011°]i, ©] 9~ offset> 0°]C}.
sAoI o] gclel o3| offseto] A7]A H
W FSM< &3l offsete] 0°] & F A& coded
grol 21743l Al ¥]o] comparator®] offsetS F©l
EE F o] mEE F A8Y g2 35 mve
offsets - F Qlth



A REANED] 2012 FAEGLSEN3

3 1. Comparator offset calibration table

Reset

£

R

T160“ CcT T1ec

T T L

it
Cc Cc
Sample
CT 7160“ CT TieC 16CT TC “160-r TC
Cc [o]
Conversion
- -

T I T
S LT of Lo T

Cf " Tiec, oF " Ttec 16cT " TC  16CT " TG
c c

% 4. Split-capacitor based differential DAC

HEET

1% 4+ split-capacitor based DACY] 3 Z%
olth. F3toll A8 unit capacitor Coll ]3| Ht
o2 A3 FE=E A capacitancer= binary
typeoll H3] ZA THAF T} Reset =0l A DAC
o] 9L 022 %7|3lEtl Sample EEoA
bootstrapped NMOS switcholl ]3] &g 1=
< capacitor®] bottom®| AZAE 3, rail-to-rail ¢
2 FAgtellA DACY =¥H2 AR dHHo
Vop/2% Y427 ®t} Conversion RE=oll A= W
o2l oa 10 M| cycle &<+ switching™]
o] DAC €92 d¥& gyl Vpp/22 3
st T2 g (2]

. Algelold &t

Yaltages lin}
o
=
S E

Timme (i) (TIME)
1.5k T
I .
500 \\\
0 \\._ //

0 1y

Yoltages (lin)

2 30y 4y 5
Time iliny {TIME)

T3 5. SAR ADC M AlgaolMd Zxf

%Y 55 SAR ADC AA| A EH oA
HA 1YL sine waveo Ygola, F
H2 ADCelA 83 fAEI== 1

T} SAR ADCe =7 3ol
SAR logicoll Al A==

|
Fo|x&
o Aol 9B 74 gt

o) EET Point = 8192
Fs|=10 MHz
Fin=1.01 MHz
50—

Pout, B

|
Li NM‘\.M.\‘I‘ i | H‘A‘ h“\ | \‘MM\W \I‘m l \‘I‘H ‘1 il
O3 6. 1.01-MHze| 2ol st FFT Z 2}

a% 62 1.01-MHz® 4ol thal] 8192 point
2 FFTE F3d3% Avelty. 1.8 V 10-MS/s9
sampling < %=ol4 60.85 dBS] SNDRZ} 9.8-bit]
ENOBE YEH At}

v. &2 2

Akt 10-bit 10-MS/s asynchronous SAR
ADCE 1.8 V supply$} rail-to-rail ¢4 HeE
7FA] 3L 0.18-um CMOSE A A AA =T vl
7] WAS AREEle] £RE Atk aEa
H5 7]l = B53}3l time-domain comparator
2 ARSI offset  HAV|IES  Frheko
comparator®] dsS FLAIZTE AAE SAR
ADCY A% 18-Vpp 1.01-MHzS QHAZ
SNDRZ 60.85 dBo]il ENOBY 9.8-bitS L}ER
om, A8 A= 0818 mWolth

R

This research was supported by the Basic

Science Research program through the National

Research Foundation of Korea (NRF) funded by

the Ministry of Education, Science and

Technology (2010-0006314), the IT R&D program
of MKE/KEIT (10039159), and IDEC.

e

[1] C.C. Liu, et. al, "A 10-bit 50-MS/s SAR
ADC with a Monotonic Capacitor Switching
Procedure," IEEE ]. Solid-State Circuits, vol. 45,
no. 4, pp. 731-740, Apr. 2010.

[2] Sk. LEE, et. al, "A 1.3uW 0.6V 8.7-ENOB
Successive Approximation ADC in a 0.18um
CMOS," IEEE ISSCC, pp. 242-243, 2009



