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A Vcem-based 11-bit 20MS/s Noise Shaping SAR
ADC with 4x Passive Gain

DREEFER S SEES S TV
Fd + F g L - R i b s e

2 u1B539
PR i R P

FRYLERS S LEE

PR 2025& 1% 1 2025& 127 o > X120 ?



2

#Eve e 4 E (Analog-to-Digital Converter, ADC) 5 #f v &2 i Af 55 2. FF 2 5L
kP At s B E R R L ALehfRs B B 4L o B %eh AS (Delta-Sigma )
ADC 5 i 8 5 A F 37 > R B1ES AR > R FE AT E %A E > #
G FIAHE 5 APRLT - =@ iT5 (SAR) ADC £ 3 M L S i K ehig
gL fr B) £ i 222 (Quantization Noise) "4 m i 2 f247 R - 5 % é: % ﬁ A
A F 51 322 A, (Noise-Shaping ) # 413t SAR % fﬁv’ Tt @]» MBS S =X E&ﬁj
AP R AFETHE N EL A G ook ekt (SNR) ZfEr A o

* %48 %% J. Liu > ISSCC 2020 #73 11 2. “A 90-dB-SNDR Calibration-Free Fully
Passive Noise-Shaping SAR ADC with 4% Passive Gain and Second-Order DAC Mismatch
Error Shaping” 7€ 4 » & 4 Capacitor Stacking £77 ;' § e BREHF AR LH A > &
Fl- FEpe BA, > NTF=1-0.8z"amc % o

m BR T > AP iR ¥ Bootstrapped Switch M Fx iRB- B M enRME R o T
StrongARM Comparator % 5 i & 1t g it > A%t G B e PrAads M 42 o 48
Fodlenta A g 2he o 443848 (Asynchronous SAR Logic) » # ¥ # 4% 2 3 i
FETHRBHERESF o Vb AL AF P 4 r VCDL (Voltage-Controlled Delay
Line) # f& 73 BEPF A SRR FER 218 I -

AR ST 180 £ K CMOS HAEF o B BRI S 11 2 o {4
Post-Layout fi-#t. 5% % > fP~4:# & 5 20Ms/s ~ Power Supply = 1.8V ~ Input Range = 91%
o B F50TmW o F 2 3 2 S ahg iz~ (ENOB) 4 % 10.83 bits o
Fob o BB Y R TR AT B ﬁlﬂ_ﬁ- TT ~FF ~SS~SF ~FS ™ % ic w4548
TR 0 AT R BOAEI0S5 A 0 BN AR A FHASE T T A o
TOAFETAHFR- EMAE S FETAR Y ERWEAH 5 SAR
ADC o p“ KPSt 7 5 dpF A A0 X v (71 i osadrd £ 1 se
T fRITR o R R RS RS M4 o 28a > F] 4 Capacitor Stacking § %
m%**afai ‘Js% SRR EA 0 FIM 0 AKFE TV FE AEREIL TR
R L B e R 0 5] F ot 0 ADC e

b A o



1. Background
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2. Purpose
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3. Method

3-1. Design Process

(1) Architecture Design & Specification Setting
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(4) Layout
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3-2. System Design and Operating Principles
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4. Experimental Results
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A Fig. 4: Post-Sim Circuit TT Corner FFT

Table 1
ENOB Performance
Unit: bit
Corner input TT FF FS SS SF

range
Pre-Sim ENOB | 95% | 11.1741 | 11.1434 | 11.1828 | 11.3742 | 11.1898
Pre-Sim ENOB | 91% | 11.0916 | 11.1041 | 11.1608 | 11.1146 | 11.0540
Post-Sim ENOB | 91% | 10.8298 | 10.6832 | 10.8768 | 10.6402 | 10.7747

Table 2

Post-Sim Circuit Power Performance

Unit: W
Corner TT FF FS SS SF
VDD DL 1.30E-04 1.36E-04 1.27E-04 1.27E-04 1.35E-04

VDD DM 3.55E-04 | 3.90E-04 | 3.67E-04 | 3.39E-04 | 3.64E-04
VDD DR 1.57E-04 | 1.63E-04 | 1.52E-04 | 1.52E-04 | 1.62E-04
Comparator 3.13E-05 | 3.25E-05 | 3.20E-05 | 3.04E-05 | 3.09E-05
Noise Shaping | 5.23E-10 | 4.16E-10 | 7.31E-10 | 8.07E-10 | 8.88E-10
Sample & Hold | 8.89E-06 | 9.43E-06 | 8.96E-06 | 8.45E-06 | 8.77E-06
Vrefp 3.80E-09 | 1.78E-09 | 2.34E-09 | 3.79E-09 | 2.37E-09
Vem 1.24E-05 | 1.00E-05 | 1.71E-05 | 1.47E-05 | 7.10E-06
Total Power 6.95E-04 | 7.41E-04 | 7.05E-04 | 6.72E-04 | 7.08E-04
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Table2: % 3 7 #.chs 424 7 » SAR Logic # VDD DM &3 » DAC
Control P Part #2 N Part 4 w¢ VDD DL -~ VDD DR # % » Vrefp B £.% @£ Vem
71 Transmission Gate Body > B 48 5 j£4c 4 75+ o Table 3] 5 TT Corner * & ¥ 4%
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Table 3
Core Circuit with I/0 Pad Power Consumption at TT Corner
Unit:W
Chip Size 1200 x 1200(um?)
Transistor/Gate Count 975
Maximum Operating Frequency 20(MHz)
Power Dissipation
Total power including PAD, ESD 2.4969m
VDD SH 8.8626u
VDD CMP 31.2509u
VRefp 9.3208n
Vem 20.9550u
VDD NS 303.3990p
VDD Shield 441.7640p
VDD DI 132.9707u
VDD Dm 381.5995u
VDD Dr 183.7803u
VDD ED 1.7374m
VDD EA 56.6448n
Layout

Chip Size: 1200um X 1200um
Number of pins: 35

A\ Fig. 5: Full Chip Layout
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6. Specification Table

Table 4
Specification Table
1.8V 1.8V 1.8V
ImW 528 ulw 695 ulw
20MHz 20MHz 20MHz
> 10.5 bit 11.0916 bit 10.8298 bit

7. Conclusion
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9. Review and Reflection
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