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Abstract:  This paper proposes a pseudo third-order discrete-time delta-sigma modulator to address the bottleneck of
high resolution and low power consumption in Internet of Things (IoT) sensors. This architecture embeds a first-order pas-
sive noise-shaping SAR (Successive Approximation Register) quantizer into a conventional second-order delta-sigma modu-
lator to achieve stronger noise-shaping capabilities. This allows the system to achieve higher peak SQNR (Signal-to-Quan-
tizing Noise Ratio) at lower OSR (Over Sampling Ratio), effectively mitigating the design trade-off between system accura-
cy and power consumption, while reducing the use of active integrators. In response to the high power consumption of tradi-
tional active adders and the attenuation uncertainty of passive adders, this paper proposes a novel feedforward sum quantiza-
tion circuit. It has the advantage of being insensitive to attenuation and reduces the driving pressure of the second stage ac-
tive integrator, which further reduces the power consumption of the system. The proposed delta-sigma modulator is manu-
factured and tested using a 180 nm CMOS (Complementary Metal Oxide Semiconductor) process. At a power supply volt-
age of 1.4 V, the tested power consumption of the chip is 47.2 wW. With a bandwidth of 8 kHz, the DR (Dynamic Range),
peak SNDR (Signal-to-Noise and Distortion Ratio), and SFDR (Spurious-Free Dynamic Range) of the modulator are
97.2 dB, 96.6 dB, and 114.4 dB, respectively. Therefore, figure-of-merit (FoM) Schreier and Walden for SNDR are 178.9 dB

and 0.053 pl/step. The pseudo third-order delta-sigma modulator proposed in this article achieves a good balance between
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power consumption and resolution, providing a good solution for low-power and high-resolution modulator design in the

field of the IoTs.
Key words: internet of things; delta-sigma modulator;

low power; high resolution
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TEAR I FE Y E W] (Internet of Things , ToT) 1% B #5122
1R g e AR A RE AL H T I
SEAE T BF 25 58 P () s S BRI S AR A g 0 B A i i
TR 2R 3 i AU T 4 (Successive Approxi-
mation Register Analog-to-Digital Converter, SAR ADC)7E
H AR (/T 12 bi) BRI RAF R RERZCR .
SR, 4 T 52 B SNDR (Signal-to-Noise and Distortion Ra-
tio) #1590 dB, SAR ADC i %K Ht F) T R AN A2 A% ) AL
R . A, S T R AR SOAS 30 B LAY T 205
IR P A% SR 25 1 1, SAR ADC Hp K A9 2507 Bl
P2 BT R AOXE . IR SAR HEALER RT LU
AR BB S SAR ADC (193 HE% . BT 2@ H
25 5 S i i 2 R RN R AR R 22 B Rk
ADC 19 SQNR (Signal-to-Quantizing Noise Ratio) , {H %5
BT 90 dB A SNDR i %2 24k AL S AR A i
AHLZE R ADC 7E T S HER T B R4
TR RE -, ELAE o o0 R I i 23 52 B S 2R 1k R o
R AR 7. E Tl 2% TE Y, I R Y Rl R

FEHAR Y delta-sigma ] il 5 75 I DAL F &5 43 B 520
o EA RS R T delta-sigma 18] ]
i (18 73 2] LU 3 3G 5 >R A 22 (Over Sampling Ra-
tio, OSR) , K F B g R BB I 650, 165 m 1 e 50, ol
JH £ 9 M 75 3£ IE (Multi-Stage Noise Shaping, MASH ) £
AREPSRARTE . SR, X B L R M RE 32 L
5 it K #% (Operational Transconductance Amplifier,
OTA) Sk A5 2% 52 30 M 75 4% 35 2R L (Noise Transfer Func-
tion, NTF) Fll {5 514 12 18 % (Signal Transfer Function,
STF). f&5ER OTA I HFE Kk A S DhAE , X R
Y RGEINFE . AL GE 0 = B wi it AR50 S 05K Uk I e Y
(Cascade of Integrators with Feed Forward, CIFF) PY [t 4%
delta-sigma 1A il 25 2244 W &L 1 s, A0 4& 3447 IR A
8 U RUBCR AR 2 1A DU AR AR RS . N T
PR AN W LD % 22 LR i A 2 1 TR D, A s oK
FIUIN 2 75 38 8 e T4 TR OTA SEHL, X i A IR T FE 33T
FOXERE . JCIESR AN &8 BA R FERY L (A B AT
URCAN A S P IO I 2 A A 1A TSR s e Bl A, X PR
il TR R
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A SCE AT O = B 25 ET 8] delta-sigma 18 il #5
H1 24N AR o3 i SR R H I AV ECHE A
§E3) (Weighted Average of Data, DWA) B4 1% . 15 5¢
Bk s 3 A B4 2R E SAR ADC Y EIRAL S B, 7E A
AN Yk el N S Sk §A: B N E R
DT ARG SR B AR TS S8 delta-sigma
A A S D = B S5 A E AR OSR TR W] LA SE 3R
TS A M RS R BR ), NI 22 i R SR TE NI AR Z
] A T H 7 i . A% Ge A IR N 12 i i B AR A
I 8 A7 70 6 DB AN W R I )R, AR AR T — A
B AL SR A AL L B A X R A U AR
FOF H AR T 56 A IR 28 9 B 3 5 07, i
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HEAE delta-sigma 1 il #5224

—BEAIRT RGN IIFE . B, A SO A MR T T )
5 190 1 J 2 I P v AT I A6 R0 i 0 9 o5 R o 4 1 150 T
L3 . % 180 nm CMOS ( Complementary Metal Oxide
Semiconductor) T 2 #F A7 I F 5, S0k 1 7 28 19
AATHE.

2 RGEEH

A SCEET T = B CIFF delta-sigma 184 #8545 ¥4 41
2 JIT 7 . B R Tt B A 0k A i A /N 2 1 B
IR ER . O T H AR SNDR KT 97 dB A %312
3R, RGEMH AR 25 (Out of Band Gain, OBG) #1431 M
3.2, 1 RFE LG R 64. DW A S H A U8 i DA g Dk i 15t DAC
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WA C . 78 SAR AL TR, LA I sk A
OB L T DA R Ay
_dVip_ eVolp _fVozp_D[i]' Wi Vigrp
d+e+f+16+C,/C
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ot SRR £ b FiL B X TG U5 SRR s el R A A PR 2 AN B
B R THRIE T A Y BRI BT RS D)
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TN, AR AR i 1 SR S RE s . R, 1%

(4)

VDACP =
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(MATLAB)
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Eep " o | Delta-Sigma
APX555 > (GEIED A > [,
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100 e

B Rt B I D AR 1] 7 1.4 V B AL TR
T UR g S EE R 47.2 wW. BRI A (B4 2 LA
7 ) IHFE 9.59 pW , B4 FH7r (NS-SAR 25 . DWA (B £
KA )THFE343 pW, S HHEIEFE3.31 pW.

] ] A 08 SR A AR T 9E 43 01l i 1 024 kHz Al
8 kHz. 4% A& 1 187.5 Hz.—0.79 dBFS [ 1F 345 51},
W3k i o A L 12 BT s . )R A E8 ) SNDR L SFDR
(Spurious—Free Dynamic Range) F1 THD (Total Harmonic
Distortion) 73 %I 4 96.6 dB . 114.4 dB #1-108.3 dB. 1 3
JIDWA J5 , SNDR .SFDR #1 THD 43 4% %5 7 11.8 dB .

11 Dyfefs

28.6 dB Fl123.2 dB. 13 JE/~ T Ik SNR (SNDR) %f Lt
i TR B T 1 i R R 25 7 I {5 SNR L 4 {H SNDR
AL 539714 96.9 dB .96.6 dB F197.2 dB. FHNH,
Schreier 1 Walden fY) SNDR FoM (Figure of Merit) 4351 A
178.9 dB A1 0.053 pl/step. &l 14 7% T SNR(SNDR) 5
D 0 G Z 2, M 25 A 2R B R ) 28 7E 16 kHz 71 58
TFARIE AT LA 3 T A . 1S JBoR T 4 B0 F A 168
SNDR 5 L AL AL OC R Bk T I i 45 A5 A
ARG HERY AR I B0 T 25 & SNDR 24L&
1 KT/C W75 32519 SNDR A8 fb i 3

DWA ] ON OFF

20 r SNDR | 966 848
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2 96 a

% 5 [#-CHIP1 4®CHIP2 4%CHIP3 4 CHIP4 |
94 . : : T . . .

8 10 12 14 16 1.30 1.35 1.40 1.45 1.50
i i /kHz N/ RN AV,

& 14 3K SNR(SNDR)X He s o it 2k

P T AS SCHE I A9 O = B SR A4 BT FR B AR DR
AL, E RV R G HAR A OSR T 52 B B 58 119

B15 R0 SNDR o Fb H 8 e il 26

W 7 BT BE 7, DA T 22 A 28 B T2 R DI AE 22 18] 1 33
T

F1 HSEAMSEDH delta-sigma B HI BFHIXTEE

SHEESCHR | S50 | T mm | REESURAH | 3 RAER | 96Kz | HIRHE/V | DIFE/WW | SNDR/B | FoM, . /dB | FoM/(pJ-step™)
SCHRI9] DSDT 110 512 128 2 1.5 62.43 93.9 169.0 3.850
SCHR[10] DSDT 180 128 91 0.7 1.2 2.30 92.2 177.0 0.049
SCHR[14] DSDT 180 3072 64 24 1.8 340.00 96.2 174.7 1.340
SCHR[15] Zoom 55 1250 125 5 1.2 52.30 96.3 176.1 0.098
A DSDT 180 1024 64 8 1.4 47.20 96.6 178.9 0.053
TE : FoM, ., =SNDR+10lg(BW/Power), FoM, =Power/(2xBW )x2"™%),
5 %i’é range compensation[J]. IEEE Transactions on Circuits and

AR ICAE 180 nm CMOS T 253 1 —Ff i I Tk
W B 2% B A T FE O = By delta-sigma 1] HEy . e
A — By TR M 75 #EE SAR HEALER A E G2 B delta-
sigma P il & , TEAS 20 R GE AR E PR IGO0 T 5580 1 88
S MR RIE R ) . A SO AR R G AE AR AY OSR
AR B A SQNR , A1 SR A T R Goks BE M TR
ZIE it i, I Bl TR IR ARl B
DIFEARA L3 . A SOt Hh ) AR R B A vl B i ke 1
T Ge A U s ve DI AR AN TG 5NN v 2 s VBN B 2 1k 1)
[P, ELA S Yl AN ORI T RE AR A A 3 . e, B oK
FEE AR PP TR 155 2 BRS040 1R i 1 i P 5K 30
B BR A H A JE 7 delta-sigma VE I 4%, A SCEHHAY
Pe g IS SRR R A . PRI 85 FE 8 kHz 4 %l N 58
BT 178.9 dB BY FoM, .\, F110.053 pl/step B FoM,.

Wit & B AL AR 25 P = B delta-sigma I8 il 45
FEAEARTIAEFN 5 53 HER Pk o A S v A 38 Sz 1
N
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