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Session 19 High-speed, High-resolution SAR and Pipelined ADCs

ADC A& FES| high speed, high resolution, low powergE sA|0| &5t W=z
Hzsl 2tCh S48 ZEEUEO|M = TI-SAR, pipelined-SAR, ring amplifier 7|8t TDC-
assisted, hybrid & 0| %5084 ADCO| F& AT HZ O|F0 21, loT- 4N

OIE O] A PAHO|M= NS-SAR, Incremental/Zoom ADC S2°| UK & N X7t
T2 HPEACE ot WAl CIS column ADCH CHE array 7|8 =X, J2|1
cryo/edge/Al 7t57| & S 380 xF3tE HEE ADCIHA| sEHH, 88 =0 ¢l
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#19-3 TDC-assisted Pipelined-SAR ADC

19.3 "A 34mW 64.5dB SNDR 800MS/s 12b Pipelined-SAR/TDC ADC with Parallel
Amplification and Quantization" Pipelined-SARO|A Z}& 7ICHER 252 Residue
Amplifier(RA)S| HA £EZS £0|7| s &%t TDC-assisted Pipelined-SAR A& +X
7k, CHA] VTC/TDC ZO|M speednoise E=2 X &S JHRE d45l= =&0|CL
R

7|2 HMZ 2-stage TEO|A 1EHE “SAR 7|8t Coarse Quantizer + Tt RA'E F11, 2
ThS "VTC/TDC 7|8t Fine Quantizer"Z F0{ %81 RA 84 242E SA|0 E= A
O|Ct.

=20 M HetstE FX2E= 1st stageOl|l Auxiliary 8o SARADCE F11, 1 ZE & &%
6b= 02 MDAC(CDAC1) 01| feedbackdtO| coarse residueE Tt=

o %2 CDAC2 B2 2 E7 2 LSBE SAl(Paralle)= Xz2|5t= 0| =H4O[CL O|FA
St SAR 8bE & MDACO| ZF MX| @1 6bft AEF MDACIO| 27| I{Z0], MDAC
Of AQH 32t HW =0 IE X2 =Y = AL, LIHX| 2b= RA 5F Tt
HMHZ ZHE[ZZ2 K conversion latencyE THEE = QUCL Residues T

loop Floating Inverter Amplifier(FIA)Z 2f 108 = S F|, 2 CDACRE &% VIC
of o8 AlZt o=z =HBE| 5b TDCZ} fine quantizations EES| xZHo=Z
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O] OFZ|EHIMO|AN 83t insight= "TD ADCE %2 2 H
SiCt'= 2 0| 834K, RAQ| 0|5 27t MY HE 878 AA RE ZAO|CL 2nd stage
7} SARZt OfL|2t TDCO|EE, 1st stage RAE T&XQl 10|5- KM= ringamp CHA!, O
Tt open-loop FIAZ &5, A HAMME ©XH ADC M3 34mW & 2 1%
OHS RAO| ZESIHM 12b 5 FHEE Pt Eot vicel & AHMAIHE o2l
CDAC1Zt 22|38 A2 CDAC2(OfFHE MEE =N V2T Het AlZk2 =04, TX|
Het £ E 800MS/sHA| E0{ZSRICH ANEL=Z 0] & 28nmoi|A TH R E 12b,
800MS/s, 3.4mW, Walden FoM 4fJ/conv-step, Schreier FoM 173dBE g3l Wi-Fi 7(4K
QAM, X|CH 320MHz BW)2| H|O|AHHE ADC T2 OIQ {EXOZE ItEA|F|= 1
AHE 2O ECE

[Pipelined-SAR[2] Proposed Structure
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—— DAC1 Residue Generation
STG2 x T2D X RST X 72D x —— DAC2 Residue Generation

[AE 1] 2 AF0AM HA|St= TDC-assisted SAR FZ&2F B M| H| W

#19-4 Heterogeneous Programmable Converter Array (H-PCA)

19.4 "A Heterogeneous Programmable A/D Converter Array Covering 2-500MHz BW and
81.4-58.7dB SNDR with over 170dB FoMs"& Z|Z &35 9= multi-standard/multi-band &
A A4S Sl SoCOlM SAI0f X[&3HoF St 20 gt 20t A|AEXN QN of Y
M AlBCE 7|& H22 ZH F2(0l: GSM, LTE, NR, Wi-Fi)OtCt M-8 ADCE F7 L, T
dS broadband ADCE = LAO|A=H, HAt= He|2 EHINEHZ7 A0 Xt
AH|HHO| IH=5ICH= 2X7F UL Multi-mode / reconfigurable ADC= 0] 78 &0
= deoz AL oL, UEE BE 7t spec HRI7F MEHHO|AL), 280 HOIX|A
Lt, A0 2] RES #H7| O{&E8Ct= otA7F AACE
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0|9t =X OS2 Programmable Converter Array(PCA)E 02| 7i2| sub-ADCE array2
Hi X|5F 22 EROH mep MF-yEz st ohyst RES B = A= 8, S
2f PCAE (1) & sub-ADCE T 5tA M A (Uniform partition)si OF7|EIXNE %X 3|7}

H, (2) residue MEHO| MY ZEO| fully-connected Y= 0|2t 7|4 RCOfl Of< TIZSH
&0l oKX= M7t AUACH 194 =22 0| sHZSH7| fI8H, (1) MZ2 THE §8S
7tZl 0]7|F(Heterogeneous) CoreE 410f A= H-PCA 7i'E 1, (2) group-connected input
bus + low-Zin current-mode residue busE = 26t0] SHS CHE BO{S2l Z{0| A

Of Lt

H-PCAE M 7tX| slid] @42 FEEICH AW, Big Core= 1.5pF CDACS GM-C Z2|H
IZE Zk=E 13b SARZ, NS-SAR, DY SAR, EE= Pipe-SARQ| 1B 2 FESIH, & 7
IfA|E et ©X| BZ2 &l 70dB 0|42 SNRE 27dt= ZEE AHHBICE =M, Lite
Core= 0.25pF CDACE AM23tE= 11b SARZE, M3 ZE = Pipe-SAR ZEH AH|O[X]
Of =A3tz|0f &F 60dB SNR F=FEO0M =2 O|HX| 2828 SHE HAE(RUCE Big/lite
T0f BF A|Zh QlE{2|O| Jtsdl, Big Core 37HE TIZ F0f 200MHz BW, 66dB SNDR,
Lite Core 470& TIZ S0 500MHz BW, 2 59dB SNDRS Z4ddtes & CHYst REE #
g £ UL AW, Dither Corer 3& EE ZOE, PRNG 7|8t HY/HF ditherE Big
Core2} residue busOl F&5I0 2t TIAS| 0|51t FAHM GMxTIA gaing =AtHLE FE

Sk, Core 7t gain errorg& backgroundZ JEdsh= O AHEEICEH

O] =& AAEHINMOE 7tsotA RtE= G2+ XN YHYL EHA(Current-mode) residue
busO|Ct. E2f PCAO|M = residueS MY ZEZ FMESIAHLE, HDX =2 Zin(0f: 480Q)
Of TIAE 0|8%t ®R ZEE AER7| M0, HA HiMO Z2l= 7[d Cot SdiXl=
Al &=2=(0fl: Co=100fFL [ 48ps)7t A1, Core 2t 22| H2|0f 2} £ =-SNDRO| 21
SHA RHRMCE 19.40|M & gm-boostingdt Kelvin connectionge X 8%t & A O|E 7|gt
UH FEE TIAS Zing & 4007HK| RF, Y CpollM A2t H+E 4ps +=FE2E =
RQACE O Z1f residue bus &2 I+ RCIt AME Y FA| 7HS8HA, Big/Lite Core AtO|2]
HE|(50~420um)7t 2 E Pipe-SAR 2= SNDRO| AH9| 2NMstg AMZoz HOICH
Ol "CoreE ® %[0 XtF&EA HiX[SID K| =2 AHANE ds0| XX @e"
PCAS| &FHE NE22 2458 UA YSet ALt
ZE2EEtY H-PCA= 28nm CMOSO|A| 37H2| Big Corelt 47i2| Lite Core2 T-d%|0{, NS
-SAR(2MHz BW, 81.4dB SNDR), Big-core SAR(10MHz, 70dB), Lite-core SAR(133MHz, 60dB),
Pipe-SAR(100MHz, 71dB), Noise-shaped Pipe-SAR(50MHz, 76dB), 3xTI Big-SAR(200MHz,
66dB), 4xTl Lite-SAR(500MHz, 58.7dB) & & 77f ti&®E ZEE SILtQ| IPE FASICt &2



£ B EOA Schreier FOM 170dB O| 4!

4 HE ¥ single-mode ADCEZE HHTl=
ot ALz HIEICEH ESH 1IQ ME 470E
concurrent mode S2H<

i #&=S HHSICH= P

Multiple dedicated ADCs

ADC 1 |—
RFFE ADC2 |—
RFFE ADC3 |—

@ High efficiency per path
@ High area and R&D cost

RFFE

Conventional multi-mode ADCs

@ Limited spec coverage
@ Low efficiency
& Mode mutually exclusive
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Prior work [9]: Programmable Converter Array
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Unit |
Unit
 Unit | Unit

® Flexible in architectural
level for wide spec coverage
@ Inefficient to combine
uniform sub-ADCs

This work: Heterogeneous -PCA
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@ Diverse sub-ADC optlons
for optimal efficiency
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it oH8dS OfEA =R Ao =FS 31 ULtk E3] Incremental AX ADC,
SAR

ADC, 12|41 0|59| 3lojE2|E x5 EAEOIY et [FEF 719 EZ0|ER
S

ZE 2A3steie H20| FEMLL &9 7|E FXRQ SHAE FRHLE S55iHE=
ANz7F FERRCH, 2 2|RoMe Olgst S &S & CiEsctn HEEs & HO| =
== ME5HRLCE
#9-1 KAISTOA ZESH =292, Incremental AY ADC2t MASH X & Z&s Two-Step
StO0|E2|E ADCE M 2FBICE. Incremental A ADCO| =2 DC HEEE RXISHHAMEZ Of
AE =Y Al 45 XMoot 2lste 2ME SiZ5H7| fIsl, &2HOIX| 2t 0|F2 A&
2 ZHdl= Automatic Inter-Stage Gain Selection(AIGS) 7|#2 Z=SHRCH FY Zof,
MetEl ADC= 160 kHz CHE =0 2F 97 dB +=&F2| SNDRZt 100 dB O|&2| DRE
StR2, AIGS HE Al 17 Oo|5 2% OH| 4&0| |FoD[SHA cratES =I5HRALt
e Hot BHA| LR E Hgdeole HAL2 MY 4ARE ZO0|HME, 35 T Bt
of 2 4= Wa0| Zof ¢HgHel 3% EdE ERLCL O[3t A= Incremental AX
ADCZt StolEE|E X2t M3 0|5 MO E S 2 AZF 380 el oY
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#9-3 Xidian UniversityO M| ZH? =222, XX J|HZ Sl =
MASH SAR ADCE H|¢tSICE 7|F MASH SAR ADCE =2 SHiA T
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MSA(MuIti—Step Amplification) Enhancement®@} Incremental Correlated Level Shifting

823810 HTZo| DWALI C|X|E Z42|20|N QOo|E 52 MEMS AxmMoz

H Aat NetEl ADCE 100 kHz CHYZ0|AM 105 dB O|&2| SFDRE 4

mp= MO 24X 9F 89 dB +=F2| SNDRZ FA[SHRUCE

ZHOME SFDR €37t MotHo=z LIEtLL 2N ddd =E9

FOIZ| QUL FIMH o2, HOtEl LX= MASH SAR ADCOIA 2|7t g
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M2 HEd XMot7t HuwH ATSHA LIEHCH, 184 = MASH SAR ADCOIAM 23] 2
7= St 28 228 HiMstnz: 2 A AHLo[A0 Mot 455 =HEY

Prior 2-2 MASH SAR ADC [5]
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: Wresh
* my @  MNeed DWA
Fbit MSE NS ufz)
& ‘Without zero-opt
NTFuz=1Hemelz):  NTFuzi=1-Hen(z) TDILSE NS o
Dy z) = Vilz+N TFalz) NTFL (2} Co (21 NTFadl2) EL(ZNT Fos Enf 2 ® NTF Calibration
Proposed Infinsically Linear 2-2 MASH SAR ADC
3-bit Coarse ADC 1 Guiz)
T Dhuiz)
iy @ — 40 ONS
N (Foa]
IUIIHLE:I By I D
> 2 2 MES
Hemedd) | | Hernd2) |
:: : * : 'l.I'R:_.__ 1 DWW Aefree
O NTF
1-bit MSB NS i ' With zero-opt
NT Faa(z)={ 1-He ()} {1+Herulz)) Calibration-fee

MNT Pt Z)=1-Herugte(Z):  NT Fropead 2= 1-HemopeZ)
Dz} = VindZHN TFisopee{2) NT Frogee (2)-Chu {2} #NT Fuaope 2} E0 (2]

[3 2] 7|& MASH SAR ADCR} M|9tEl =X & MASH SAR ADCO| H|w
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Session 230 A= & 5H2| High Performance ADC =&0| ZHE|QCH, 1L & 2

FoAM CfY=, Bt £ MY g, el S3F-2-0Y Hato| et 2dde
o] &2steis ARLS0| TE O|FRULCE Pipeline SAR, Noise-Shaping SAR, 2|1 CISE
C & 88 XXl F27t Ot HAERJACE 2 2[FROM= O F0
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Column-Parallel AD
= Noise-Shapings P3Nz HE%ot X, &A A2 22X
D, DY SHS ASY AlZets BHOIN, £ Ho| =22 MM
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#23-1 University of MacauO| A ZH?t =& 22, Pipeline SAR ADCO| 4X} Noise-Shaping

% % 2HF0M X} Noise-Shaping H& Al
7

|
SNDRE Hd5lel, &8 AHEHZ S5 Y= 4% Noise-Shaping £80| =l
] = S HE0| X3HE/0f, 14 ADCOIAM QFL|
ZO|M = X} Noise-Shaping0| A&

v Qr‘ 5 Qi 15t stage [Samp.|[ Conv. I Amp. ﬂlE I N5
M e Do Uz
—@—{H @ >@+— 1/6o] ®  ndstge  mLE samp)( Conv. | NS )
Dour D[ 1-NTFi )% Vis
Il t:"-{f -fg) +(1-NTFNTF=Ae0y X Low-order Az shaping

oyt N TR T .'[“ +NTFiNTF:Q4 ¥ @y dominanied

L = Ga ot H.
Hy,={1-NTF 3NTFy2 el L '.h.,ﬂ._.,;_).:_._.-l_j +NTFiNTFG=Q;

Proposed SMASH in NS-Pipe SAR

Q4 Digital Filter Q 15t stage [Samp.)[ Conv. |(Amp.][ Ms |

| DT iﬂrq ﬂ= D; -E*+} &ﬁl%[ "
—1- G =14

Vi _({ - &, - H indstage  Conv. N5 |5 .|'1:' 2

™ . Feedback 3 tag BT, amp.|| Conv.

) Dowr=Viy +f Noise leakage Froe
- +K NTFiHpAsQy  High-order Az shaping

NS SAR w/ CIFF

K.=(1-He) [HFH 1-He)dc] L +NTFHm=Q;  Aggressive Oy shaping

Actual Implementation NS SAR w/ CIFF +KNTFNTF/G=Q:

@ Feedback Digital Filter ~ '*

'L"_ a1 i Do 18, | D 100 -

L = =3 - L =

1 Dour 8 E reduce
3 Sum S o} % 82%
Golf-8e) | % 85 g #
NS SAR w EF NS SARw CIFF  T5¢ - gl"'“‘!“ﬂ pook
—8— lassic
» Simplified digital filter, 1-He=1-(1-21)2=2z1-z2 10— ———— —
» Zero-optimized EF for 1*-Stage NS SAR Gain Error (%)

[2& 3] 7|& SMASH 7Zx2t HQHEl NS-Pipeline SARE SMASH #x9| Al 52 Gl MKy 33



#23-5 National Tsing Hua UniversityOl A| ZH3t =222, Column-Parallel Hybrid CI/SS
ADCE T A3t 256 x 256 CMOS Image Sensor(CIS)E A 2t$HC} Column-parallel ADCOf| A
R7EE 04 Bt st 2 ¢t #2EE SA "ESE A0 2 =22 Fo =

HOICt HQtEl FZ== H|[S7[(Asynchronous) Charge-Injection(Cl) OF7|&lX et Hybrid
Quantization(Cl/Single-Slope) #AIZ Zo5t0, 1% S& A= Hw7| X CIXE |
ofof w2 x| ot H|M$4M% X235 QICEH EDF Dark Frame Calibrationg &off Z3 1L
g oE HSFPN)E 2UtHo = MASIACH =8 2o, MeteEl ADC O{20]= 435kS/s
Hat 0N 2F 96-bit =F2| ENOBE Edst¥on, ZH 7t HFLHE2

ol I:I-IO|
= ! -1 OT
oM 1.2 LSB O = Mete|RICt A O[O|X] &N ZuME Z8 08 IE &5
O] ZitH 1HEE =olsiyon, ol if2 HE ADC Of0[o M= QHYX Ol
SH0| 7tses EOFEL Olz{et Zits Metel HISZ| a0 7|8 Hybrid #+&7F &1
SIAME CIS 280 MTtst A dskolg Alx=oz Q=ESIC}

I Row Control | | Ramp Gen | I Counter | | Digital Output
1 1 »
¥ | ¥ ¥
[ ""IT—I > — 15| %
a | £l 3
- [ . Column Parallel s =S| B
i Pixel Array Asynchronous < {E E
i (256 x 256) : - Hybrid CI/SS ADC el o e E .§
O IR L ]3] &
] —

Ve, :input lower bound

Viesw :input upper bound T2
Viome : M5B comparison threshold :l

Vi : range-extension reference Veamg

Valid_CMP
N [valid el ——
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¢| counter
Global Fﬂ;lvufl‘l'vsﬂﬁ‘"'""" [ . Asynchronous
Ramp [, () () Asynchmnous Cl- cnll Logie control

[O8 4 CS Z2EEY FxQF Not=El 23 HE 310|E2|= CI/SS ADC
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