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Abstract: The past decade has seen data rates in serial communication links rise from 10Gb/s per lane to 

28Gb/s.  Wireline transceivers have been implemented in CMOS technologies that can enable 28Gb/s signaling 
across channels with up to 40dB loss at the Nyquist rate.  These transceivers have mainly relied on “traditional” 
I/O approaches that have been common for more than 10 years: NRZ signaling combined with analog/mixed 
signal equalizers such as baud-spaced feed-forward equalization and decision-feedback equalization.  In the 
first part of this talk we will discuss these “traditional” equalization approaches and review the design of a 
28Gb/s backplane transceiver to show how these are implemented.  As data rates ramp up to 56Gb/s, 
departures from these “traditional” approaches are being seen.  PAM4 is replacing NRZ to improve the 
spectral efficiency at the expense of SNR.  New analog/mixed signal approaches to wireline transceivers are 
needed in response.  In the second part of this talk, we will focus on two of these new approaches.  The first is 
the use of fractionally-spaced feed forward equalizers to improve equalizer bandwidth, as demonstrated in a 
14nm CMOS 56Gb/s PAM4 transmitter.  The second is the shift to ‘digital’ approaches for wireline 
transceivers:  DAC and ADC-based designs to enable digital equalizer implementation.  A 25Gb/s ADC-based 
serial receiver in 32nm SOI CMOS will be described.  At the end of the talk, we will explore future directions 
including the role optics can play to improve bandwidth density. 
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