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A 3/6/12-Gb/s Multi-Rate Clock and Data Recovery Circuit with a Multi-
Mode Rotational Bang-Bang Phase Detector

Ki-Hyun Pyun, Dae-Hyun Kwon, and Woo-Young Choi

Department of Electrical and Electronic Engineering, Yonsei University, Seoul 120-749, Korea
E-mail : pyunki@yonsei.ac.kr

For many serial data communication applications such as display interface, multi-rate operation is
required. For this, clock and data recovery (CDR) circuits have to operate for several different data
rates. Implementing CDRs with wide tuning-rage VCOs is the most straight-forward approach, but
it is very challenging to design a wide tuning-range VCO with constant VCO gain, which is
required for CDR stability, over the required entire frequency band. We propose a new multi-rate
CDR architecture based on a multi-mode rotational bang bang phase detector(MRBBPD), which
can operate at 3, 6 and 12-Gbps. Fig. 1 shows the schematic of our CDR. The MRBBPD supports
full-rate, half-rate, and quarter-rate phase detection operations enabling the multi-rate operation of
the CDR without a wide tuning-range VCO. The MRBBPD is composed of eight DFFs, three
rotational muxes, and two XOR gates and requires 8-phase clock signals from VCO. The rotational
muxes produce different output signals depending whether it is in the full-rate, half-rate, or
quarter-rate mode as shown in the timing diagram given in Fig. 1(b). Fig. 1(c) shows the 65-nm
CMOS post-layout simulated eye-diagrams of the recovered data for 2’-1 PRBS input data at three
different data rates of 3Gb/s, 6Gb/s and 12Gb/s. Data recover is successfully done. Compared to
conventional quarter-rate CDR, our CDR has less six XORs and three charge-pumps, which results
in significant reduction of power consumption and area occupation.
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Fig. 1. (a) Block diagram of MRBBPD (b) Timing diagram of Full/Half/Quarter-rate operation
(c) Eye diagram of 3Gb/s (d) Eye diagram of 6Gb/s (e) Eye diagram of 12Gb/s



