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In this study, we developed a design technique for low-voltage non-binary
analog-to-digital converters (ADCs). We developed low-voltage techniques for each analog element
circuit integrated in the low-voltage ADC and successfully demonstrated the feasibility of the
developed low-voltage circuitry through experimental verification. We established a noise analysis
method, which is a technical challenge in low-voltage cyclic ADC design, and validated the validity
of this noise analysis method through experimental verification. Furthermore, we established a
system design methodology for ADCs that includes the aforementioned element techniques and confirmed

the feasibility of low-voltage, high-precision ADCs based on the proposed approach, as well as the
effectiveness of the proposed methodology through the results of experimental verification.

AD



Al(

loT

2 ADC

@

@

@

AD
ADC,1bit
2

) loT
4
loT
IC
loT
loT
loT
2 AD 2
2 AD
ADC
, 13 15bit ADC
2 ADC
LSI
AD
2 ADC
ADC
ADC
2 ADC ADC
2 AD ADC
ADC
AD
ADC
2 AD
1
,1bit
DAC,
AD
AD +Vref -Vref

Sub-ADC DAC Radix Gain

AD



() 2 AD
3
Pre—ampliﬁer—l— Vdd_ Latch circuit Vd d
GND é}—T—{r_J— GND éGND GNDé GND
preoue F }_‘ y GND _l EVBN
Analog — IN ‘. VOUT
VD‘ACtn e GND EH- _|E GND o[i‘tb;tjt‘s ::ROS T
CMP_outm
VOACH | j— v —\}J > S vdd —l E VBP
EN signal | | {>O Vdd
CLK_C™mP Vil Vdd l— 4%}_‘
L — 1 ,é,
2 3
3) ADC LSI 4 Layout

iiiii
o

% il‘i%%%%

4 ADC Layout
[0)) ADC 6
SNDR=68.47dB
ADC  14bit
AD
of : :
ol SNR = 69.03 dB
a0l SNDR = 68.47 dB
_ ENOB = 11.08 bit
=
@
:.
0 Ol.l OI.2 OI.3 0,.4 0.5
Frequency(F/Fs)
6 ADC AC

342.8um| ADC

'<<----;-
224.7um

ADC

ADC

3 +
ot DNL =-0.86 / +0.95 LSB |
o1t ]
2
D esm————
Z4f ]
2f J
-3

0 2000 4000 6000 8000 10000 12000 14000 16000
Code Number

INL =186 / +1.00 LSB

— S5F
[
4 A
o o— sy ot ]
&
b 1
-10
2000 4000 6000 8000 10000 12000 14000 16000
Code Number

ADC



4 4 0 1

Pan Chunhui, San Hao 16

Experimental implementation of delta sigma AD modulator using dynamic analog components with 2019

simplified operation phase

IEICE Electronics Express 16
DOl

10.1587/elex.16.20190280

Chin Koken, Ohsawa Mamoru, Kitajima Atsushi, Arai Yoshiaki, Yamashita Jun, Ito Hisashi, San Hao 140

Input Bias Current Reduction Technique for Operational Amplifier in a Standard CMOS Technology 2020

IEEJ Transactions on Electronics, Information and Systems 9 15
DOl

10.1541/ieejeiss.140.9

Chin Koken, Ohsawa Mamoru, Kitajima Atsushi, Arai Yoshiaki, Yamashita Jun, Ito Hisashi, San Hao 103

Input bias current reduction technique for operational amplifier in a standard CMOS technology 2020

Electronics and Communications in Japan 30 36
DOl

10.1002/ecj . 12242

KAYAMA Eiki, MORI Kenta, MAEBOU Taichi, CHEN Yuanchi, SAN Hao, MATSUURA Tatsuji, HOTTA Masao E106.A

Thermal Noise Analysis of Ring Amplifier in Cyclic Analog-to-Digital Converter 2023

IEICE Transactions on Fundamentals of Electronics, Communications and Computer Sciences 823 831

DOl
10.1587/transfun.2022GCP0003




13 2 6

Yuanchi Chen, Hao San

Linearity Compensation for Conversion Error in Non-binary and Binary Hybrid ADC

2021 International Symposium on Intelligent Signal Processing and Communication Systems (ISPACS)

2021

Taichi Maebou, Yuanchi Chen, Eiki Kayama, Kenta Mori, Hao San, Tatsuji Matsuura, Masao Hotta

A 0.7V 14bit Hybrid ADC in 65nm SOTB CMOS

2021 International Symposium on Intelligent Signal Processing and Communication Systems

2021

2021

2021




2022

ADC

1CD/CAS

2021

65nm SOTB CMOS

26

2021

S. Yamada, T. Ohtsu, M. Sasaki, H. San, T. Matuura, M. Hotta

A 0.8V 14bit 62.5kSPS non-binary cyclic ADC using SOTB CMOS technology

2019 International Symposium on Intelligent Signal Processing and Communication Systems

2019




Haruo Kobayashi, Nene Kushita, Minh Tri Tran, Koji Asami, Hao San, Anna Kuwana, Akemi Hatta

Analog / Mixed-Signal / RF Circuits for Complex Signal Processing

2019 IEEE 13th International Conference on ASIC

2019

M. Sakuma, T. Ohtsu, S. Yamada, M. Sasaki, H. San, T. Matuura and M. Hotta

A non- binary cyclic ADC with dynamic analog components in 65nm SOTB CMOS

2019 International Conference on Analog VLSI Circuits

2019

D. Kaneko, M. Sasaki, T. Ohtsu, S. Yamada, H. San, T. Matuura and M. Hotta

A 0.7V 12bit 3MSPS SAR ADC in SOTB CMOS

2019 International Conference on Analog VLSI Circuits

2019

Raspberry Pi Pico ADC

2023




Hao San

Low-supply-voltage High-linearity ADC with Dynamic Analog Components

The 12th International Conference on Communications, Circuits, and Systems

2023




