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Abstract: This paper presents a design and implementation of a multi 10-bit successive approximation register anglog—to —digital
converter(ADC) with a 0.13 pm technology. A C—R DAC optimization technique is utilized in proposed design to reduce the area of
ADC. Using thermometer codes to reduces harmonic distortions due to clock feedthrough. Using bootstrapped switch to improve sampling
accuracy. The comparator is designed using static architecture with preamplifiers to eliminate offset. The chip is 580 pmx290 wm.
The post simulation show that with an sampling ratio of 1 MS/s,200 kHz signal, the ENOB is 9.5 bit and EO=1 LSB.

Key words; analog—digital conversion ; thermometer code ; C—R successive approximation ;static amplifier ; bootstrap switch

0 LS
Flash A/D , GS/s , CR N . N
’ ) N [ o [e]
SAA/D , o 1
A/D , 500 MS/s 1.1 SAR
) N N 0 1 , N N
A/D , o CR-DAC . SAR o
ADC(SAR ADC) , , A/D
N N N SoC s - s CR
. [1-2] R R [5-6] .
. 1.2 SAR
) 0 ,ADC 2 .
s DAC , Rst , Sos(Start of
o , sample) (>2T),
B Sos SAR s
o , 107, D/A .
s , sar o

44 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com ﬁ %‘?‘&7‘{

S/H CRDAC

SAR logic » Output D905 )
register

A 3

Timing control

Rstn T C]kr Oe 1 R(\!-‘.T

1 SAR-ADC
i, [5,7] “5+77%6+6” “T+57
C-R , 5
s “5+57
DAC - 3(a) CR DAC 0
2 ADC 5 , 5
0 5 32C,, 10  ADC
Eoc(End of converse) , ,sar 1 024C,, .
reg, D<9:0> o R
» o Vi ) o
: Vins [7] DNL :
171, v
0=2C(V V) (1) (DNt %:\,zm =VeEED % @
, Vi ) 5 , ,
) 5 )
: DNL, 5
0.==2"C,(Vie=Vm) (2) . 3(a) DAC ,
,SAR MSB DAC . N .
,  DAC o 3(b) o C,
ADC , N , 4 o / )
81, y / .
b= 2.2
-2VC, (Vin_V(:nn)_DW—lxh_DN—ZX Vet =+ =DoyXx Vrff
2 4 2 , CMOS . CMOS
(3) : ADC
2 . ;
2.1 DAC CMOS, 0/ 1 NMOS/PMOS ,
DAC  SAR-ADC ,DAC 4 o CLKN
ADC - DAC N , C, ;  CLK ,
. O , AVDD,
ADC , ,
) 4
o1 _ (C-R) 2.3

) 2022 48 7 —45

http://www.chinaaet.com



ﬁ EE'?‘&* http://www.chinaaet.com

Vel P—T=T= oo Ijéc.— - — ‘.?‘h = JJ_-:JE
SRR PR R by L h s SRR
-t ¥ A a Rl o AR
w3 - ¥ ﬁ ;
bit<3> *

-
¥
bt 55—+ I J‘
FFREERHEEEEEREEBEEEEGHEGFEEEEEEER
Y D G | N LN B S O RN N O N A r N N L [t vine

(a)C-R
0024 s B 1012416182022 242628 3031292725 2321 19171513119 7 5 3 1
?EDDDDDDDHDDDDDDDDDDDDDDDDDEDDDDDD
oo o L L
yuuuyyyguddooouuuuoooooodooyg o L
(b)
3 DAC
CIiD VDD s °
CLKN [T CL 3
2 : ‘T‘ ADC 0.13 wm
C_:H J_ Spectre , hsim ADC
VOD ke - ADC 8
iF I I GND 580 pmx290 wm .
L, T ' ' ADC . _DNL .
|—|' L INL .
= an"'“‘“ Analog expression , 10
! L“-T—r‘ ADC ADC .
CAD 9 . DNL<+0.5/-0.5LSB ,
4 INL<+0.7/-0.71SB .
us ADC SNDR . ENOB
6 .
S MATLAB FFT . 10(a)
) 5 kHz , 200 kS/s ,
, ADC , hsim
) 5(b) , , Verdi FFT o 10(b)
16 384 Blackman FFT
6 ; SNDR 60 dB, ENOB 9.5,
7 0.1 mV 50 kHz S 1 000 kS/s

46 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com ﬁ %‘?‘&7‘{

Vc m Vn m “: m l’:-m
I

s0e s0e 206 / soe

Vi

i V| + I It
LA

S N >
> C > C, > | s Comparator —>
it

o

= AGND

Transient Response

s —' T oonVT T ResiduallSmwin 298630V L—
2.0
1.5
-
= 1.0
.54
o] 8
rlillﬂ
T T T T T T M
5.0 6.0 7.0 8.0 9.0 10 Fie: :
t/ s i :
6 5mV i
aden | : ______ T
E : aden—in |
= |
' 9
= 5
>~ FOM=SNDR (dB)+ 10log(BW/Power) (5)
6 T 1 1 .
=
; b b o
. 4
s 0.13 pm 10 SAR-
7 5.1 mV ADC, C-R :
, ADC o
SNDR =58 dB, 1. FOM (Figure — 4V, 200 kHz . 1 MS/s
Of-Merit) ADC o SNDR 58 dB,ENOB 9.5

) 2022 48 7 — 47

http://www.chinaaet.com



'fﬁ EE'?‘&* http://www.chinaaet.com

Sos [3] , , . 10 8
Eos IMS/S AD [J]. ,2013
adein
(10):28-35.
adeo [4] , , . 20 MS/s VCo
’ SAR ADC 1. ,
(a)A/D 2021,40(6) : 62-68.
[5] .R-C ADC D/A
60 [J]. ,2016,28(4) :946-950.
29 [6] : : . 12bit CMOS SAR
E - ADC[J]. 2014(9):20-21.
2 20 Wt 1l
2 I w.‘ [7] , , . 10
~40 | L Wﬁ JJ (1. ,2019(7):16-19.
i i0 00 10w 1000 100000 1000000 [g] , , . SAR ADC  D/A
Frequency{Hz)(Logarithm) [71. ,2019,49(5):598-601, 608.
(b)FFT [9] , . ADC
10 [J]. ,2008(3) : 252-256.
[10] Hong Hui, Li Shiliang , Zhou Tao.Design of a low power
1 10 bit 300 ksps multi—channel SAR ADC for wireless
[7] [12] [6] [11] sensor network applications[J].Journal of Semiconductors
/v 2.8 NA 3.3 1.8 4 2015(4) : 158164
/bit 10 16 12 10 10 [11] TSAT S J,CHEN Y C,HSIEH C C,et al.A column—
Samp/(kS/s) 116 1000 1000 240 1000 parallel SA ADC with linearity calibration for CMOS
SNDR/dB  61.9 NA 68.4 NA 58 imagers[J].IEEE Sensors,2012;1-4
/bit 9.9 NA 10.7 8295 [12] ZHONG L,YANG H,ZHANG C.Design of an embedded
fmW ! 1 2 333 8 CMOS CR SAR ADC for low popwer applications in bio—
FOM/dB NA 127 300 95 136 .
Avea/mm NA 6.5 0.3 o1 0.2 sensor SOC[C]//7th International Conference on ASIC,2007.
Process/nm 180 250 180 180 130 ( :2021-10-16)
(1983-), . ,
[1] , : [J1. , ’ :
2019(7):47-48. , E—mail : dengyuqing321@163.com,
[2] : : [11. (I987), ’
,2017,605(2):37-38. : °

G G S SO GGG GGG G S S S S W S G GGG O G GG G G Y W

( 43 ) [20] PAH Z.Hierarchical test generation using neural networks
for digital circuits[ C]//International Conference on Neural
1-6. Networks and Signal Processing, 2003 ,2003 : 245-248.
[15] , ) s [21] , ) .
1. ,2021(16) : 24-25. 1. L2020 ,25(4) : 629-654.
[16] [22] REDMON J,FARHADI A.Yolov3:an incremental improve—
[D]. : ,2021. ment[EB/OL].[2019-06-20]. https : //arxiv.org/pdf/ 1804 .
[17] : [D]. 02767 .pd.
,2021. ( :2021-11-02)
[18] .
[D]. ,2009. (2001 ), ’ E [m]
[19] JAFARI A,SADRI S,ZEKRI M.Design optimization of analog
integrated circuits by using artificial neural networks[C]// (1977 -)

2010 International Conference of Soft Computing and Pat—
tern Recognition , 2010 : 385-388.

48 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





