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CMOS Technology Trend
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e Supply voltage |- voltage-domain losing resolution
« Ft1 - time-domain gaining resolution
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Time-Domain vs. Voltage-Domain Folding
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Time-Domain Folding ADC
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RO-Based TDC
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Speed-Up Techniques

----------------------------------

-----------------------------------

[Wu, 2014]
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Linearity Improvement Techniques
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Overall TDC Diagram
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e Coarse TDC — folded differential DL [stephan, 2010]




Overall TDC Diagram
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Simplified TDC Timing Diagram
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Current-Starved Inverter (CSl) Based VTC
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* The discharge current is controlled by V,,
e Pseudo-diff. structure improves linearity



Overall VTC Schematic
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Simulation shows:
o Speed =10 GS/s, linearity >= 6 bits
e Qutput range ~ =20ps (T/2 = 50ps)



ADC (VTC + TDC) Architecture
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ADC (VTC + TDC) Architecture
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e Single VTC frontend at 10 GS/s
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Time Amplifier
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Die Photo

65nm LPE CMOS

Area = 0.073 mm?

280um




Measured DNL and INL
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Measured Output Spectra
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Measured Dynamic Performance
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ADC Power Breakdown
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Performance Comparison

This CiICC VLSI’ ISSCC’ | ISSCC’
work 13 [4] 13 [1] 13 [3] 14 [3]
Architecture Time_ Time_ Tl Tl Tl
Domain | Domain SAR Flash Flash
Tech. (nm) 65 65 65 40 32 SOI
f, (GS/s) 10 5 10 10.3 20
ENOB@Nyq. (bits) 4.3 2.8 4.0 5.1 4.8
SNDR@Nyq. (dB) 27.2 18.4 26.0 33 30.7
SFDR@Nyq. (dB) 42.1 22.3 36 NA 39.4
DNL (LSBs) 0.28 0.91 0.19 NA 0.47
INL (LSBSs) 0.49 0.95 0.65 NA 0.42
Power (mW) 98 35 79.1 240 69.5
Area (mm?2) 0.073 0.08 0.52 0.27 0.25
FoM (fJ/step) 504 1000 480 700 124
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Conclusion

e Atime-domain 10-GS/s, 6-bit folding flash ADC with
high area efficiency is presented.

 The single VTC front-end requires no clock-skew
calibration at 10 GS/s in 65-nm CMQOS.

« The RO-based folding TDC achieves high area
efficiency and high speed (2.5 GS/s) simultaneously.

e The inherent DEM of the RO-based TDC achieves
excellent conversion linearity.
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Pulse-Shape Restorer

w/ PSR w/o PSR

SNENTN G NTNEN

P
'3 )

[} (]

] ]

l

Puise sw;anowmg

‘---'




Linearity of VTC
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Coarse TDC
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Timing Diagram of TDC
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Residual Interleaving Tones
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Residual Interleaving Tones
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