2023 IEEE CICC Review

IEEE Custom Integrated Circuits Conference

KAIST M7|SIM X535

SHOp HEAFDFR HEAQ

= o =T

Session 16 ADCs with Noise Shaping

CICC 20239| “Session 16. ADCs with Noise Shaping” OlA& & 7HO| =20| YHEI|ACE
YHH O 2 high-resolution ADC MMOAM ZEE= =2 4%, 34 EUS W, o3
20l M ZHXI2 F22 = ULCL X, 7|2H2Z noise shaping structureOf|
systematic modificationg 7tet @47} A2, 0| & YF= AMIK| = %EHE Ch=
9| high-resolution ADC2| 7|2 HCHE O|F 2 F=0| &l= 4%k UCL F HMZ,
S22 noise shaping structuret FAteH AERE MESHX|D, O nds/2289
circuit techniqueg A5t FHst= AA7F ULt OX|Ze =z %2 47 E
S5t=, 2|2 techniqueg ZESH0 non-idealityE =0|= 0| XS
Ct. 2 S350 2EEl high-resolution ADC =252 AL, %M 7|3t AE}
O] o{&d Z&tE|0f Qe HeE HOF H2 M7 AHEZHS HO|l& Hez H
=0 M= tutorial review®! X HR =F3} production-level®l OHX|Y ==2Z X </t

5HEol ==0 tioliM 2|RE TdstALt.
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6.2 — University of Macau, China

=20 AM+& Continuous-Time (0|3} CT) Delta-Sigma Modulation (0|3} DSM) ADCO{|A{
L4 MSt= excess loop delay2 Qo EXNE dfZsts HEL, FIMESEZE, integrator
requirementE 0|7 Qs AtE3St= 7| & SHLERl negative-R2| input frequency
dependent?t ZH|EES EHatdots HREE AJ|SHCE DT DSMO|AMRE= CHEA, CT DSM2
input signal0| X|&XSZ HHYEZ conversiong AIZRME2 Q| inputdt conversionO|
2L feedbackZls MZ0| &8s input & 7o XtO|7F LMSHA Z|=Cf, Of
st AlZE XHE excess loop delay (0|3 ELD) 2t €Z SO O] CT DSMOIA EHXH
O 2 S Z50F o= =ZMO|Ct 2 ==20M=, 7[FL] CT DSMO|A ELDE compensation
(OI8t ELDC) 8t7| RIsHAM F7t2 EIHe| 3|2E MASt= 2RO| Ot ELDC7t EE Q%
ELDC-Free®t X7t MA|IZ|IRUCE Zefe|l CT DSMO|A ELD X2l = K2I0| quantizer
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(QT2)2| DT operationO|2t= FOA Xet510], 2 HA M= CT QTZE AHE3H0 H3}
£ input signal?| SEE X[HHoZ BP0 quantization2 ZIHSIEE ELDE %A=
SIQICt £ 2 =R20ME 7IE0 loop filterO AFE L& integrator| requirementS
E0|7| 2I5t0 ALESHE negative-R 79| input frequency dependent®t EXE Eetst
7] flst 7|8 HEEQUCH 7|E9| negative-R 7|H2 current-loss compensationO| DC
of =etkl7] W=ZOf, input frequency?t ZEHEO| M2t 45 £ot des & ==H, 2
HAOM= 7|EQ| DC negative-RO| F7tHOZ negative-R/C pathE F7t5t0] input
frequencyZb EEHE0I| 2} current-loss| MES ZTHESI0] 0|23t E2XHS = AsIULCEH
&= =& crcuit non-idealityE SfZ5t7| s Sefel sHZAHO =ZotElX] @, EX0
Ciiet 4ol /S MAISHACH= HOAM Of% Q&HO[Ct o 20MHzEH= DSMY|
M RX| %2 BWOIA 174.1dB2t 14.3f)/conv 2He &2 +F2| FoMs & FoMwE Ed3}
RALt= HoM 2HE 7t =2 A2t BIHECH
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#16.3 — Xi'an Jiaotong University, China

= =20M= 1 sfA4 = ADC +& & L@l Noise Shaping SAR (O[3t NS SAR) ADCO]|
(comparator) noise reduction 7|8 & S}LtQl LSB repeating2 et +XE A QHotCt
Conversion A% THESH= residual voltageE processingdt®]  quantization nois
shaping222M 10 & =0l d52 HO[= NS SARO| H|SHA|, LSB repeating &
LSB conversionO| &2 El O|R 0=, FIIH2E Capacitive DAC (0|3t CDAQ)O 04725_'
2 7H2| LSB capdl CHSHA quantizations ZI&st T, averaging®t Z1E St
O|Ct. &, LSB conversion &Z2| HE 0|&3f= NS SARZ} LSB conversion O|F0|=
conversiong FZ7IH2Z ZIAH5I0] 532 W= LSB repeating 7|82 &§4 &, F 71X
of AFHCQl Ag2 =7tsotot SHX| T, 2 =20 M= o2 XM CHe HZES
Eai2| high-resolution ADCOIA FE AL3t= Multi-Stage Noise Shaping (05t MASH)
TEROIA EQHSICE MASH 7&9| A2 quantization THAE LHFO] TP F, digital
THOJ A post-processings &ollA] X WM quantization noiseE cancel-out St= 20| =
2 =0 & 2A0XM = cancel-out?| CHeE quantization noiseZt Ol comparator
noise2 =|{ICt= Ol XHO|7} LtEtL=H|, Ol= 7[EL] MASHR2E FAISHA conversion

29| =3 (LSB repeating X averaging O|X)1t LSB repeating X averaging O|22| &
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HZ digital post-processing= &llA LSB repeating 0| 2| comparator noiseE cancel-
out o= HACZ ittt 2 AA M= M2 BHAHS| 1 o o= o 12-bit
9| bridge cap= ArE3t segmented CDACLZ A 5IF 2, redundancyS sl F7tx
= capl| sizeE Z=0|7| {8l switching cap= bride cap ¥Z0| Lt+0f (bridge-crossing)
HiX|St= CDAC #+& ! 2213 78S M= RUCE & 2= Bejel 2gstr| e F

TX/7|HS, MO THOIM HZMS MAISIECHE &, 0|23 sjZMS 3o}y
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st M7 BEEE EQCH= ™I 182dBEhE state-of-the-art =F2| FoMs2 EHAsILCH=
ZHOM S™HCZ HILEICL

#16.4 — Yonsei University, South Korea

2 =20 M= Inherent DAC mismatch tolerantdt £82 7tX|= CT zoom ADC X &
2J§BtCt. Zoom & F2fe| DSMO| ZHX|= &2 input range?t =2 linearity
requirement?| XS siZSH7| sl DOHEl coarse-fineQ] MASH DSM T+X & YZ=
Ct 0]213t zoom F&EE AA 7t ZHEHSED energy efficient SICHE ZE 0| s BHH, 1)
MASH 7= E K{EiSto 2N 2MS= quantization noise leakage (OISt QN leakage)2t 2)
=Tt DWA 2|22} combination logicO] E=2=2 A&ttt & AA M= 4429 &
HMoil chet siAMES Chaak 20| MA|SC HA, coarse tHE DSM ADCE WH|Et 2 M
QN leakageE shaping S0 7|E0| H/dstH systematical® QN leakage & OfL|z2f, A
A I EF wlg = e, 00X 225X X8 non-ideality0l 2|8H QN leakageZ7tX|
daAZd = UCts oM 2E2X0|Ch OHE2 = DWA AFER = Qlgt £EE =0[7] ¢
df 2 EAMM= FIRtap2| AFES MAISHCt SHX|EE FIR tap2 XHESH= B2, FIR tap At
X2 delay2 QI3 signal path2| timingO| 5017(1 signal powerO| leakage?} &’ddt= &
M7t of7|=lCt olz{gt EME si&st’| fsl, & =&0 A= multi-rate operation 4]
= XEsI =, Ol= FIR tapO| ZE L= coarse ADCE fine ADC ECt HEH] (multi-
rate) &2F A|7{ signal path timing0| E0{X[&= HE X[zt YAO|CH FIHHOER,
Zefo| FEOIM AFEMTE Resistive DACES Current-steering DAC 22 K& 2 M
negative-R2| T3 requirement EoH HFEQUCH & =F2| 4%, X2 ZHUM EU
= [, 92dB-SNDRO|| 175.1dB-FoMs2| £2 F§ ZutE EYLH, 7|E Fx=2o NS
JZHOZ HAMS & oLzt O QMo 2 UHSHE non-idealitydf CHSHME BEEXS
2 OXNSIRUCHE oA ZAFC 9|97t Tt HIHEICE
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#16.5 — KAIST, South Korea

2 =R20ME 7|&E29| I s|&= ADCQ! NS SAR ADCO|| pipelined ADCOIA FZ ALEE]
£ dual-residueE &%t interpolation 7|H0| ZATE FZIt ATWE[RJACE T|EQ]
pipelined NS SAR 7tZ9| AL, LHtHOIl pipeline ADCOHIA 12{8}%, residue amplifier2|
gain error® 2|8t QN leakage7t H=222 %&3l=0|, 0|5 diA8I7| 28 close-loop
amp, EE&= calibration2 X &%t open-loop ampE AFESHALE gain error shaping (O[5}
GES) 7|®¥E A8t o3t 7|HE2 25 hardwareXQl £E0| ACt= CHFO| &
TSHEE X 20 N-0 MASHS| =& %X}83}0] gain errorg shapingste &4 [11= &
HEIAXB MASH =0 DEHQ EXFel ofg2-C|X|E filter®] mismatchOf 2|o
e Hdas S7tIlsttt 2 24 0M= gain error/t 2 lSIEHELE zero-crossing point



= YHFSICH= FOolAM E2tst interpolation Z7I'#E 7|E2| NS SAR ADC 720 A5
Ct. O|2 QI8H residue ampOA gain errorZt 2ASIEEIE & HRM EHOA (capacitive)
interpolation2 &3l O|E scalingdt®] gain error| IS HAA|ZA2EMN QN leakage
ZHE SHZe 5= UL EDH 7|EQ| capacitive interpolationM|A] parasitic capacitance 2
olsf St interpolation gainO| HH= X0 CHSHAMZ interpolation0l A& &=
capg =KMo =Z OAZASIE segmentation 7|BSZ S|AsIUCE 2 HA= 7IEQ
pipelined NS SAR ADC7} 7tX|= ZME B2 hardware FEH2Z A5 U= HO|A]
Z 9o|§ 2lrt 4sXoz =S [, 83.5dB-SNDR| H/WH =& resolutiondl= &
75t HOA™ X 22 1709dB-SNDR2 EQICt= 7FO| Lk OREX|EH ALE
technology?t X2 1MHz-BW O|&2| high-resolution ADCOIA 72| AMEE|X|] &
180nm SEYES 0|70 & Iff, X}z HsXHo=z JfMo| 71580 =2 EEO|2t It

Ct.

#16.6 — University of Florida
2 =&0|M = Mixed-Order Correlated Dual-loop Sturdy MASH (0|5} MDL MASH) 2=
7|1Z2| conventional?t DSMO|A HOI M2 FZE HQtotth & 240 %M 2021
4 A-SSCCOIM 2EEl Correlated Dual-loop MASH (0|3} CDL MASH) #+Z [2]19] 2,
Z2l9] CT DSM ADC & conventional?t MASH X & A% [Iff 2Hd35l= quantization
noise extraction| intrinsic delay =HE di&3%t7| ot sHE2Me= KMA|ZRUCH CDL
MASH =0 A= quantization noise extraction CH&l & HR THO| Joop filterQ| output
= AENez & ¢iN tHo| AZ5t= LAS XEStD & B
SHX| @f=Ct= FO|M feedback DACE AFESHA| Yeltes O|EE E2 = 2
CDL MASH T=& At8stA =8, A viR b = B/ Eel loop filterE &
transfer function®2Z A A SOk (correlated dual-loop) SH7|0 &A Q| flexibility7t &
b A R Tl loop filterl| ZH ML load?t S7totCH= THEO| EX§THCE MDL
MASHOM= Z|&2] CDL MASHe| =2MES diZst7| ffsf A ™ Tl input
feedforward?t & HRM EtO| feedforwardE M St= CHAL, inputat & #RY] loop filter2]
ol

5ol A& F ©N Tl YHe= MBSt £, & BN T
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A7|E scaling &2 &l Z thel Qrzel YHO| swing rangeE =HEY = /U=0H|, Ol
E3| inputQ| linear rangeZt HM$HE|0] A& VCO2| THES 3|MA zt
2 VCOE MEdt= 40| 7t StULCE FI7HH2E open-loop T2 & H
pre-amp2t capPt2 AE %t loop filterS T3S0 HAH Ol HO|EE RHFERA =
Hds BHOM 2% M, 15.625MHz2H= DSM ADCOIA HluX =2 BWE 7HX|1
=
0l

3
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0= 165dB-FoMs 2t= =X|= W2 58 27t =25 ATt HOA HLHN Of
HOo| ULt BHX[ZH E|Z high-resolution ADCOA E7| EZH systematicet 21t Of
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SAR-Assisted Pipeline ADC With Code-Counter-Based Offset Calibration," in IEEE Journal of Solid-
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Session 29 & 34: Giga Sample-Rate Data Converters

CICC 20232 “Session 292} 340 A& Giga Sample-Rate Data Converter & 8HO| HHE|
ALt Noise-shaping SAR ADCZ L= MY 1Adjefe =0 =& O[FH zZ H
Ho| =2 E#CEQ:= H2|, 29l data converter sessionO| A= high-speed ADCO| =&

F7b =0 HA 0%, 0|5 2F AN HHES ===0|Ct. 220 ZEE high-
speed ADC =2E0| F&Z 4 ﬂxﬂoﬂkiol AR FH0| ZAL time-interleaving ADC +
Z % 38 ?[¢ calibration 7|EE0 FHEE & A 22|, &AM ZHS =250|

A~
2l 0|9 E YZOLY OfH occow ADCO| TEMOl ZDIOIME M2 AlE7} B
o ATHEIUCE Aso| et CHRYUCID B7|E 024 4 oL}, OfFs| MsHoz
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NMQl #d2,12b 1GS/s2| DACRt ADC Z+ 1H, time-domain conversion2 O|&3t high-
speed ADC T+Z& 2, High-speed 542 @2t MEZ2 SARADC TZ& 2, Pipelined ADC
O residue amp0i| 2|3t d& HotE Mt =F 2HOZE O|ROALCE =7 O #AHE2
2+, (29-1) current source mismatch calibration 7|8l& X et 12b 1GS/s DAC, (29-2)
buffer| nonlinearity calibration 7|®2 H|¢tSt 12b 1GS/s ADC, (29-3) 7|& Synthesized
stochastic TDC2| long delayOf| 2|3t jitter &S =0[7] |2t segmented TDL #Z&2F 74
MEl phase folderE 0| &% 2x Tl 8.5b 2GS/s time-domain ADC, (29-4) Flash + VCO-based
sub ranging ADC T+Z0|%|, capacitor DACE O|&%t residue generationO| Ofl R-string
+ sampling cap= AE3t residue level shifting 7|22 0| &% 6.2ENOB 2.5GS/s ADC, (34-
1) Charge injection2 0|83} 02 compact® 6b 1.1GS/s SAR ADC, (34-2) SAR ADCO|
DAC settling speedE X 7{5t7| 98t DAC level look-ahead 7|2 Qs 8x TI 6b



10GS/s ADC TZ, (34-3) Pipeline ADC2| speed bottleneck2 7H45t7| 2|8l residue amp
o 29| pipeliningg ME8HCZMN L3t 23 times &2 12b 1.5GS/s pipeline SAR
ADC, (34-4) Pipelined SAR ADCO|A| M7 & residue ampZ AF&E|= dynamic ampl| =
= E4E E4% 79ENOB 1.5GS/s pipelined SAR ADC 7} ZHEE|QICH O|lF & M HO
==0f tiSiA oo =5 O XtMI5| 2| /St A; otrt.

#29.1 — KAIST, South Korea
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=20ME 28nm CMOS 8522 HAE 12b 1GS/s DACE IR =0, Al =
2 current-steering DAC2| 12b MEN HFO| ULt MF A & Mo (mismatch)y2 £
(calibration)dt= &5 W2 7|#S0| Y0 AL, HEE 7|&E J=52 EX
A (static linearity)2 E&Sts A0 OX, MFRA2| calibration modeZ2| ZI¢l1t
E Al £ o2 MZON LMSH= calibration spur?t EX7F ZQUCE 7[E9]
calibration 7|=0|M= QHOO[E0| 23 Vout+Lt Vout- oHZ0| HZAEZ|O normal
conversion &% FO|EH ZI MFRO| calibration modeZ XA Z[HA ST ==
switchingdl 2|8t spurg BHS0! W= A0l ZHRACE HCHE paired current source
switching 7IH0ME H™FR  calibration Al £ J4ME H(paired) 22 MEISIE,
calibration &2 M0 £ MF 2 input datall F&SHA Z+2ZH Vout+2t Vout-0ff LE+0f
AASH= common-mode switchingO|2t= &2 AHX|A 350 calibration switching0fl 2|
of YlStE spur/t Atsdl2 022 LIEILIEE SHRICH 5Yt O|fRE2 & RO £
d2 OFX|Z normal conversion modeZ SHE T OFEIEX|Z  common-mode
switchingS AX|A 8tACtH MF 0| calibration modeZ S0{2tS I Y3 CO|f izt
off AF2E|0{oF & MFZ 0| LRSI Z, paired replacement current source?t 37t 41,

MR Y0l normal SEA|0Z common-moded| B2t7b QUEZE paired common-level

ox oA

rx
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current source GA| FILE|R} M, O|F FIHE current sourcegs GA| S L3t calibration
SXE AXZZE ofQct. 3 Zat, 286MHz output AZO| CHSIAMEZ 70.6dBco| &2
SFDREZ HOFRA1, background calibration S0 275t &3 39| spectrumOf|

calibration spurZt Fd&{ LIEILIX| = S5t 5§42 HESIRUCH

#34.1 — Konkuk University, South Korea
2 =x20ME time-interleaved ADCR| 22Xl T Hot compact?t SAR ADC
sliceE T¥15t7| A charge injecting SAR [1] t=E& M}, 0] £x9| HHEHES



Hds5tol Oje X2 A7|2b input capacitance® A
capacitor DACS 34 building block@ 2 ArE2sts LHPH QI SA
input capacitor (Cin)0ll ®ZEl charge injecting (Cl) cell&2 Ol ZMN reference
driving?| £&& £0|2 1% DAC s&E & =+ Us FXO|Ch AL, C cellE &9
MY /= chargeQ| PVT BIZLZO| M2 full scaleQ W3tLt ClI cell2] monotonic charge
addition 5422 QIgt HlW7|9| input common-level #H3}0| 2 decision® offset|
Holoh ZH7F L = FF0ME PVT EE8S E0|7| flet YHE2Z reference DC
inputs HSSI=E HAE replica CI-SARE FO A9 £8 IO at supplys =

H3l0] LDOE 8ol sZ3E2ZM charge packet®| IA7|E Z=HI:E oIQICt Lot
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monotonic charge injection0f 2|8t common-level drop 2X= A& Cin0l 3822 &

ZAEl Vem shifting capacitor® F0 common level2 £0i22] F22ZMN i ZsIRICH HE

0| Cing kT/C noise limitOf] 7}7t2 8.5fF2 AMESH] 28nm CMOS 37 0|A ADC corell

AFO|=7} 80 um x 30 um@ 0% compactdt 6b ADCE FHSHHCL %2 Cin HZ0|

ERBWZl 7GHzO| Zdte 243 468 HIOH, MEHAD 132mWE 25.5f)/conv-step

O FoMwE EE5IRULE ADC slicel| 22 AtO|= HEO| B2 X 22| time-interleaved
o

ADCE THE0| A0 HHO|L} skew FEE IAH N

A

rx

g = AS A= J|OjECh

#34.2 - UCLA, USA

SAR ADCO| HEEEE JMSlE HHHOZ 1b/cyclel MAS HOME 2b/cycle T,
H| 1 7|2| reset timed} switching logic delayE M|7{5t7| ?|2t loop-unrolled SAR 7+& &
= M= A0| HEHO|LE 2 =20XM= 7|& 7|8=2t= el CDACS| settling time=
M 73t= look-ahead 7|®ES H|CHSIRALCE O] 7|2 1b/cycle SAR ADCZ} Of decisionO}
Ct 7tset £30| & ZHX[7F UAS0| Ao, & 74| F71HQl SAR ADCE +2510
7t&% DAC level &= 7HE E&F 0|2 BH=0 &1, O decision?| Ztof| e} OfH
SAR ADCE enable®X| MUXE HM|O|ot=5F StRICt 7|E0| flash ADCO| HHARS FO|
7] fst WHOZ binary search ADCEHHE TER7F AW EIRAED 2], FASH 7|&£2 SAR
ADCO| HE3tRCtne = == JZCE o[2fot 7[&#8 8 & ==20M= 8x Tl 6b
10GS/s ADCE T+HUCE CHEF, SAR ADCOf| K|t look-ahead 7S HE3}7| fISiM=
AXf'E O] SAR ADCZ} L3I hardwarel| 37| S717} speedQ| 7H410f| HIS] & 27| Oj

=0 X FE0| HX|= HO| FAI5H7| ofz{z BTHEO| & A= mErECt



HuEd

[1] K. D. Choo, J. Bell and M. P. Flynn, "27.3 Area-efficient 1GS/s 6b SAR ADC with charge-injection-
cell-based DAC," 2016 IEEE International Solid-State Circuits Conference (ISSCC), San Francisco, CA,
USA, 2016, pp. 460-461.

[2] G. Van der Plas and B. Verbruggen, “A 150 MS/s 133 uW 7 bit ADC in 90m Digital CMOS,” in
I[EEE J. Solid-State Circuits, vol. 43, no. 12, pp. 2631-2640, Dec. 2008

PopNT )]

ol 7|} i
o & £ KAIST HI|UFASS 0t gataryd
A-L20F : High Speed & Resolution ADC

°
e O 0 ¥ : pkwoo435@kaist.ac.kr
® Z|O|X]| : https://msicl kaist.ac.kr




