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Session 17: High Speed ADCs

26}l 2026 IEEE VLSI Symposium on Technology and Circuits@| Session C172 High-Speed
ADCseEl= FHZE & 5HO| =20 ZHEJACE 2 MY M=  time-interleaved
pipelined ADC, noise-shaping pipelined ADC, TI-SAR ADC, pipelined-SAR ADC & C}st
D& ADC X7t CHEROFCH £ GS/s T2 &2 sampling rateS SESIHA L of
grot M8 s85 w5 flet 22 7|#MS0| ME[RUCE OlF &3l ZZ high-
speed ADC 97t Et#=3| sampling rateE =0l 0| JX[X] ©1, time-domain
processingd} parallelizationg H= Z-&73}0] conversion A residue-processing latencyE
Z0|= SA|0| background calibration2t PVT-robust 2|2 7|#HES & 1% SE0|A Q|
£ Z|A35H1, residue amplification S reference 2|=2| M REHIIK| 0|
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#17.1 University of Macau2} UM Hetao IC Research InstituteOf| A| ZEDH =F2Z PLL-
based sub-ranging RO-TDCE backendZ AFE3l= 12-bit 4-GS/s time-interleaved
pipelined ADCE H|2tSHRALCE 7|F RO-based TDC= &2 hardware efficiencyES 7HA| X| Bt
oscillator frequencyZt PVT variationO] && FakZ 2O} time resolutionO| #Ha}st
resolutiond} dynamic range AFO|O]| trade-off7} -.'_-XH5._ Ct. & AFO0M= 2-GHz coarse
RO2t 12-GHz fine ROE Z& %t sub-ranging *+Z2E AMH23}0] coarse ROE 2 input
rangeE ZE5t3 fine ROE &3l 4.63-ps2| =2 time resolutiong TRSIACt ETH F
ROE reference-sampling PLL LHF0|M SZHA|A oscillator frequencyE ADC reference
clockOll X|EH2Z |ocking22EM PVT H30f| 2 TDC resolution HEHE AKX SHIALCE.
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[C121] System architecture of proposed ADC (top) and measured SNDR and SFDR

performance

MA| ADCE= 4-channel time-interleaved pipelined-SAR T+2Z2 T EICH 1st-stagel| 5-
bit ping-pong SAR quantizer’t 232 2XM %*”2}3._ S| CDACH|A voltage residueE 44
‘d5t1, O|Z floating-inverter amplifier2 %%t £ VICE &3l time-domain signal£
H2ISH0] 8-bit sub-ranging TDCO|A| LIHX| LXi2tE =Bt} HEBH coarse/fine RO At
0|2| phase offset X cross-boundary error= background digital calibrationg &3 27
S5t0 #HIO| calibration cycle 10| 1% ZXE RFXA|otCt. 20¥e=z # A= PLL
locking®t sub-ranging time-domain quantizationg A& 1% ADCe| PVT

robustness®@} resolutiong A0 &E?H X210 & 5= QULCH

#17.4 University of MacauOlA| ZHE? =F22Z |oop-unrolled correlated level shifting
(LU-CLS)2t rapid sequential sampling (RSS)2 & &%t 14-bit 500-MS/s pipelined-SAR ADC
£ HIQtSHRULE Pipelined-SAR ADCE= =2 energy efficiencyE ZX|Tt high-speed &20]|
ME 1st-stage SAR conversion0f B2 A[ZtO] 2R 5|0 residue amplifier2| amplification
2 settling timeO| 3| XMBHEICH £3] 7|F correlated level shifting (CLS)2 residueS
HX estimationSh= EST phaselt A X level shifting2 T%5t= LS phase’l =Xt =2
S&57| E0| amplification timeO| F7t2 ERSICE & AT M= coarse SAR2
residueS DO|2| &3l B EZ9| estimation pathS TF43t0] ESTE 7|& amplification
intervali| A Z2|gt LU-CLS #+Z& H2HSIRALt O|F S8 CDACF settling2t ESTE EHE
2 Y = Aon, ZET EST timeg HESUME LS timeS AAA|7|X| 40t 7|E
CLS CHH| 8 dB O[22 SDR €&t FH/IPICE EDH detect-and-cut loopE &3t

estimation gain errorE EHE2EMN HEO| background gain calibration 80| =2
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residue amplification accuracyE 2tEHC
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[C122] Proposed Pipelined-SAR ADC architecture and LU-CLS/RSS operation [£}]

Measured dynamic performance at 500 MS/s [?]

SHH coarse SARS| CDACCRt fine CDACF ARO|Of& sampling timingZt bandwidth
mismatchOll 2|5l sampling error?t #4350, O|= high-frequency input®A residue
swingg S7A|7{ EST accuracyE XStA|Z 4= QUL O|F sfZSH?| ?IS§ RSSE X &dt
O sampling &= 5 CDAC AFO|0|A| rapid charge sharing2 T2 EM coarse/fine
sampling mismatchE 10H| O|& ZIAA[ZICE ESE ring amplifierOfl = interstage negative
capacitor (I-NC)E X83l0| non-dominant poleg® &2 FLt+ZE O|SA|Z|1 settling
speed?t phase marging 7HMSIF 204, worst PVT cornerO| A settling time= 300 ps O|
A CE=SLQCEH Reference Z|20= dynamic-buffer-assisted reference (DBAR)S X £3}0]
quantizationit CDACF settling &2t0JEt reference bufferE SZEAIZ2ZM reference
accuracyE FXISIHA buffer power@t decap sizeE HAAIZICH A2 B2 e
LU-CLSE &3l residue amplification2| time overheadE &0|1, RSS:I-NC:DBARE &7}
K 87310 sampling mismatch, amplifier settling & reference £&2 7 2EM high-
resolutiond} high-speed &S SA[0] 7% pipelined-SAR ADC2tD Fe|gh &= QULCL

#17.5 University of Macau?t UM Hetao IC Research InstituteOf| A| HEHSH =F2 £ dual-
zero-compensation ring amplifierg &%t 12-bit 2.5-GS/s pipelined-SAR ADCZ |5}
ULt High-speed pipelined ADC2| residue amplifier0l A= =2 gaindt large output
swing2 FAISHHA bandwidth& S7tAI7|= 0| OJEL 7|E deadzone 7[El ring
amplifiere && gainit 0”8’82 stEgt &= QUX|PH bandwidthZ} HBHE|H, critically
damped #Z+= bandwidthE =0|= Ci4l gaindt linearity?t X3tE|= trade-off7t ZEXY
ottt 2 Ao M= ozt Xﬂ% siZ5t7] /sl 5 712l feedforward pathE O| &30

left-half-plane zero& ¥4 Sl= dual-zero-compensation +ZX& X QtSHRALCE.
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[C1213] Two-stage Pipelined ADC architecture and time domain sub-ADC [£}]

Measured dynamic performance at 2.5GS/s [?]

HOtEl A2 pole |IX| XAIME A HEBSH|ELt zeroE 0|83l phase marging 24
St0d ring amplifier?| =& gaindt output swing2 FX|SIHA] bandwidthE ZF&fA|ZICE
EESH poledt zeroZt PVT M0 M2t @A O|SSt=E HASHH compensation
robustnessE =ESIFOM, A= amplifier= 2 120 ps@| settling timeO|Al 8x
amplification, 40 dB DC gain % 55 GHz UGBE HdsIRICt A ADCE two-stage
pipelined-SAR TtZ=2 FdEICt ZNNo=Z 2 ATE zero compensationg &9l ring
amplifier@| gain-bandwidth trade-off& &2t5t1 O|F 1% pipelined ADCO| H&got A
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