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Session 10. Pipelined and Noise-Shaping ADCs

Session 100 M= GHz CHYO|AM XMHEH SE0| 7t mioj=2tel ADCE FH=Z M # (101,
102, 103) % A= 38 2O0E 9%t =0|= #|0|& ADCE FHZ Wl # (104, 105, 106,
10.7)0| ZEE|AUCH

#10.1 12-bit closed-loop pipelined ADCOf| CHSH AHAO|Ct H| St ADCE 2x interleaved ping-
pong *ZE A8t L& 7Hel Z2| MET MDACH 5-bit PIPO SAR ADCZt A HIH 3

HHO|O{A 2|28 /5t TXO|LCE Pre-Sampler= HHAA MY 3 35 ZE HYS MELS
of Mol MEY X Het g T 29 OHX|IZ AH[SHX| YEF Ut Z2| MEHE S
A HI 8 HO|OjA 22O & Q7 XUZ A7, Het 3 EE =0|= AS EF
o2 3t oY 2EE 16nm SF2E HAL0 18 GHzS| MEY FIt0|M 60.16 dB2|

SNDR=2 ML

#102 Z|EQ YAtz A FEES HEZ =AY pipeline HYUS 7t532S= PARG (post-
amplification residue generation) 7|&2 MYH0| £F510] single-stage 7|& 6 H/E 0|2 df
drE FE5t7| 2dE/UCE 2 ==20M= ol2fet HHEE JHM5t7| fIs 2 stagell residue &=
Md AIZt2 SO0|HME MY M Z 7HX|= TARG (time-assisted residue generation) 7|'H2 ¢t
SHLE s 2l2&= 28 nm S7HOAM HA [0 2.6 GHz2| MEF Fhbs=0f| Cid 51.4 dB2| SNDR
% 71.0 dB2| SFDRE EH-ESIRALH.
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a% 1. =& 1020l H2tSt= TD pipelined ADC #+Z



#103 2 =2 EJ0| ERX| %2 Critically Damped Ring Amplifier (CDRA)E &8%+ AlZH &
o (TD) 2= pipelined ADCE H|2t3SICE pipelined ADCE MDACIF TD-sub ADCE E&sH Al
7H2| stage®t 4b TD ADCE ZETt 4-stage T#ZO|O, & 12 HEQ| S|4 EE #= FZO|CL
CDRAE 7|&S| Ring Amplifier?t Z0| 3AA 3-stageZ FIEX|TH A HW{L F HHH stageOll
1/gm-loading2 F7t5tA 2 dominant polel| RIX|E O &2 Fht+ZE O0|AIF 2AZE A
7= WHS NotstCt £ pyT HiB0| 2 CDRAS| s X[M3BHE 2I6t0] FIHEQ XM
CMFB #+ZXE HQtStRUCE HMQtste ADCE 28nm 3EOM A AL, 615

dB2| SNDRE 4
SIUCE 35 Y 1.0V, 2GS/s2 ¥EY FhtoM 27 mwe| MEHE AHSIH, 32 MY X 2
T B0l et 2b2t 2.0 dB, 3.7 dB2| SNDR H&dE2 7HX|0, 70dB O|&2| SFDR H&2 ERUCt
S dY Es= 220 M2 27 Q0= O HE FXROM DLH0E PO ds52 FHE =
UASES ERCHe FO| F= THSIC}
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a8 2. =& 10.301A Ring amplifier?} critically damped ring amplifier@| H|il
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M (quantization residue)S CtE Ttoz TMES}
U M2 E O FStLD Level-shift HTHAIE O &
Mzo| &E = JUX=F SIQACHL YH HEHO FxRe HWEH
flipped voltage follower &2 AAE ALt residue 482
CDACO| AFEE[QD, O|EA HEdE THRHMU(residue)
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Residue m Vosc, Leval-Shift Csampie
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a2 3. =2 10401M M 2tSH= predictive level-shifting 7HE &=

#10.5 2-stage MHHEE3} ADCO|A stage 7t gain errorE ZFE If Ldst= ZHES siASH
/8 Q-prediction-unrolled gain-error-shaping (QPU-GES)E X

M= gain errorE =¥ W & HW THol SHOM A W HHel A=t e
£ HMAHS{=0, O oM LlsSte QXE siast7| fIsi F=7tE 2l digital error
(DEF)7t ERUCL Of= A|ZHO| O] 280, FASs €27 H By Hel HZE 7%= 2
IS 7FMRACE QPU-GES= R R CHO|M FIHH QI LSB FARE S5l =

O| mf LSB YAtzt= critical path? EZ& ADCO|AM O|F0{X|=0|, O] &S AHESIH DEF 210|&=
e S22 ZH S IO gain errorE XTY = UCH FEHE S QPU-GESE ALE}Z W
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#10.6 Noise-shaping SAR quantizer % floating-inverter amplifier (FIA)S 0| 8%+ Zoom ADCO|| &
$b AFLO|Ct 3iY ADCE coarse quantizer?t fine quantizer2 TE|0f QUC} Coarse quantizer2
£ 6-bit delta-sigma (DS) ADC % 2nd-order digital predictionS AtE3l 40| DAC 2%H &
AOE YEUS FHEY = UEF SIRULE Fine quantizere 2nd-order 7-bit noise-shaping (NS)
SAR TtZ0|M flipped voltage buffer (FVF) 2A19| dynamic buffer StLIEHS A8 Nth-order loop
filterS THISIEUCE Loop filter 20| XISt FIAS kT/C LO|= M, ME2 L0|= XN, residue
extractionZ ?Iot 52 FHSIEE SHSIEE 2510 HEZ 7‘|1lH [Hel A7|E 10229 12
=Y = UYL, & HMEY Ak 75% d2AZE = JA/UCE 28 nm CMOS SFO0IM H=EHE 2=
2 =5 =

Tb=7F 300 kS/sY M 180 pwe| MEHES A28t SNDR2 925 dBo| 452 ESCt

bal

#10.7 Residue amplifier error shaping 7|'#2 &-8%l single-channel 4th-order noise-shaping (NS)
pipeline-SAR ADCO]| Ciot HSLO|Ct SHE ADCO| H=&= X HRM AN APE =0, S8 &
HAIZ|17] fI8i kT/C O|=E MAAZ == Qe Istorder integration® H&3tL, residue

amplifier®| =O0|=, gain & settling XS SHZSH7| Tt 1st-order feedforward (FF) noise-
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Session 17 : High-Speed Data Converters
Session 170 M= MET H=7F & 1GS/s 0| 1% HIO|H BigY|S0| AJHE[UACt 1% &5
2 QI8 Time-Interleaving 7|8& X &% CHA HO| =& (17.1, 174,175,176, 17.8) H HTH
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a2 4. =& 17.100M HM etk multi-bit/cycle ADC T+Z&

#17.2 ANZt @< ADC (TD-ADQ)0| Cist SR Z 8-bit FEH single-stage ADCE 5 nm CMOS &
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™ Vrop<0>p _—1 ink =1 ar
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1 2 posc 7 8 I BUFLAT . |W=2mpiing
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®zcd, Presr Vron<0:3>

CK o CKGEN | @=mp, Pcmps Putes Pzed, Presr. Psal

8 5 =& 172001 H|Qtsk= TD-ADC +=

#17.3 TI-DACO]| CHet A2 FH RF S47(0 AHESEZ| ?{et 14-bit 16 GS/s DACE 7 nm &3
oA MASIUCH =3 ™M &40 Q= non-return-to-zero (NRZ) DACZ & 7HQ| time-
interleaving return-to-zero (RZ) DAC2 2 Td38tSICE 7|=2] NMOS & ChAl pPMOS H&EAnt
29X, MEY 22X & 2Z2E ALEY] T 43 SACL £ time-interleaving artifact2}
HHE Mz MHZ WEHSSID O|F Fabs 2t 24A7|= MER time-interleaving dynamic-
element-matching 7|®& XQtSIQICE HOtstE FXO| DACE 16 GS/s MEZY FotoA HH
H ZEZ 440 mWE 22511 8 GS/s ETY FL0IA 82 dBO| SFDRE -HSIRALE FIt=
2730| 2% DAC ZOict 7HE 273 CDACE &8¢l =S =Lt

#17.4 171100 ORZEN 2 24 HEYR AI2"E0AM A8 + = 1% TI-SAR ADCO| Cist A
TO[EE. ADCE 7 nm 780N 24 GS/so| MET Fhb2 7.2 GHzC| 8 H=F, 76 dB2| SFDR
2 HOICL 24 GS/s2l MEY =& FMH7| s 80 7H| sub-ADC7t AR E|RULE Signal path
= ZEEJLE MEY HEQAL 10742 sub-ADCE #HeCh ZEEQJE MEY HEQA:s

X S/H, pseudo-differential push-pull source follower2 & ULCE S/H T+
| X[} programmable current-controlled static bootstrap= Z 28t bottom-plate

[=]
2 0|23}, 0|2 10 72| sub-ADCE TS3HCE. EBH memory effect £R-TE U of
SFDRE &t A|ZiLCE

#17.5 Ring AmplifierS 283t pipelined TI-SAR ADCO| Cist HFLO|Ct GHzO| MEE &£=9t 1
bit 0|4 SHMEE ZIXIHME IHEA MBS 37 mW, HH| de-cap AIO|=E 44 pFRE &
ADCE HASIRACE ADCO| #Z £ TI ADCE SAR ADCE ZA%$t SI0|EE2|E FXZ, pipeline TI-
SAR X0 284 JfME 28 MADCS Z&St ring amplifier X2 E M QHSIRUCH HHHA H
mHo| M3 Sl BH QWY EE F0|7| s AHHL de-cap 29 oF 28 &|ACL s

AR 28 nm BHOIN 69 mWe| HHE b L 1GS/s0l MY FIHS LABHIALE
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#17.6 Timing Skew 273 7|52 Z&3 2% SAR ADCO| &t =&O0|C} 7|E time-interleaved
SAR ADCO| 23 4zt BHHE timing skewl| EYLAIE SHASHY| QA= nH[EL 27 AT
Of EQJMCt ==20Me 32 MY L o5 23 Z8HE2 Fd5t= background timing
skew 27 HAZ HA|tCt E MEY I R0M XM AYXE FIH B 2E2E LAY
ot %EI%FEENH aXxl 22 the3stn @J7E E0|= 40| 7ts5tot XM etst= ADC &=

SAR ADC2} skew EM3ZZ2Z AMEO UL} 28 nmE
oM 45 GS/59| M2 Fot+E 2d5tA20 HO|F2E YHOA 242 53.48 dB2t 39.72 dB
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a3 6. =& 17.600|A M= 4x interleaved SAR ADC T+&

#17.7 Multiple-ReferenceE W&t HR7|E Zt¥ sub-ranging ADCO| 2ot AFO|C}  Sub-
ranging ADC= Ci=2| Hlm7|2 Qlsf H2 MHZ ADstn 7|d8E 3 Z8 Lo|=2| Y2
A ECE 2 =20|M= StLtel HlwZ[of o2 el WE 2 EA (embedded reference; ER)
Zt= MREC(Multiple-reference-embedded comparator)S A|Ctst0] Bl 7| 744+=E 70% O]
AZACE HM2E 3EF sub-ranging ADC= 3702| MREC 7|2H ADC®t, CDAC, W& &ilm&H A
£, switchable resistor ladder2 T+ ECH LY gEHEA 43 227F o 7He| LHE 2
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A MYfS Z12to| MRECO| H7YstH. 3719 EHX|2 F/4E MRECS £ =2H 3749 Hlu
ANtE0| WM, of HAS o AHBE|= HW7|Q /& EY £ UCH EH =AM M0
ol LHE A MYo| AL E Y = Qe 425 ¢lol =2t WE gozas 48 7
o drAl ol ZiHl " AMB S FIMH R NQHMCE s 2 2= 28nm CMOS 3HO|A A &
RAOM, 2.7 GS/s9| MEY Fot=+E 7HE M 1v MATLOA 3mwete] MZ AT 125

GHz 2{0f CHdsl 45.9 dB2| SNDRI} 63.5 dBS| SFDR, 6.9 fl/conv.-step Walden FoM2 £ L.



#17.8 7|Z&2| time-domain ADC (TD-ADC)0|A G|OJE A2|&1t voltage-to-time converter (VTC)2|
HIMEMH 2 7§43 asynchronous successive approximation (ASA) time-to-digital converter (TDC)O]|
2ot ==Z0|Ct Time domainOlA pipeline #Z2& &&3% MZ|&2 i3SI, LMS(Least-mean-
square) F'd HAES S8 ASA TDC UF2Q| 2fHTA X|AH AlZHE %X 31510 HHGEE B
Ch FoE vice =7 MY AHO0| ¢4y F0 o8 2822, Yo et M2 CHE 7|
GE|D Ol= QHEO oo ZX|Z|0f HR-AlZH B2t0] O|RO{TICE TDCE= EHHA X|
AlZh 2t #8310 0] vTCe| MAde EHste IdeE ot O|E &Sdif TEAQl ADCe|
42 =% + ULL 3T A= 28nm SH2Z FHE A2 M, SNDR 36.4 dB, SFDR 51.7 dB
f)/conv.-step Walden FoM& EQIC}.
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