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Abstract

A nested loop CDR (NL-CDR) incorporates only a single PR
inside the PLL. They minimize the number of employed PI,
and remedy the difficulties of high-speed multi-phase clock
distribution. The loop delay of the PLL impedes high frequency
jitter tolerance of NL-CDR. To overcome this drawback, this

project proposes a dual feedback nested Loop CDR (DF-CDR).

Fig. 1 shows the receiver architecture. To tolerate up to 32 dB
channel loss, it is composed of a CTLE followed by data and edge
decision feedback equalizers (DFE) with a DF-CDR. A half rate,
2X oversampling PD is utilized in this design to have a higher ISl
resilience over its baud rate counterparts. The DF-CDR is based on
a 13 GHz PLL with a 3.25 GHz reference, which is available from the
global clock source in the transceiver. The sampling phases of the
half-rate receiver are derived from the quadrature output phases
of VCO directly, which are adjusted through rotating PI" s output
phase. In contrast to the conventional NL-CDRs, the PD output
provides an additional ultra-fast direct modulation (UFDM]) path to
the VCO in this design. It accelerates the phase tracking capability
as well as reducing the loop latency of CDR and resembles an
auxiliary derivative control path to complement the low-pass
tracking of the PI path.. It minimizes the loop latency to avoid phase
margin and jitter tolerance degradation around the CDR bandwidth.
The PLL features a wide loop bandwidth of 200 MHz to facilitate
VCO in band noise suppression. It greatly relaxes the phase noise
requirement of the VCO, and thus benefits from a significant power

saving in broad band and low jitter sampling clock generation.
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Fig. 2 shows the simulated waveforms before and after equalization.
Under a 32 dB loss channel, the data eye at the receiver input is
totally closed without CTLE and DFE. By applying zero forcing
algorithm, the jitter histograms are more concentrated at the
edge DFE output compared to that at the CTLE output. Moreover,
the eye opening at the data DFE output is 240mV, which has

about four times improvement with 0.5 Ul timing margin.

A Nested CDR based Receiver with PID controller is presented.
The direct modulation jumps over the loop latency limited PI
path and modulate VCO for faster response and enhance the
stability. By applying PRBS-7 test pattern, the jitter tolerance
is 0.55Ulpp at 60MHz. The jitter tolerance is improved by
0.15 Ul by activating the UFDM path of the CDR. Considering
the tolerable channel loss, the whole receiver demonstrates

the best FoM of 103 fJ/b/dB as are reported to date.
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