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Abstract

With semiconductor process technology progress rapidly and
enhancing the requirement of high speed transmission, the speed of
data transmission system is higher and higher in the future. The data
communication system operates at gigahertz frequency like PCI-E,
USB 3.0, and Serial-ATA lll. In high speed data transmission, the data
will distort and degrade due to the package, bonding wire, PCB, or
coaxial cable. The receiver contains a clock and data recovery (CDR).
The CDR circuits extract the clock information from input data and
retime the input data. In order to achieve low bit error rate and high
jitter performance, the recovered clock sample the middle of every

data bit and the jitter of recovered clock is low.

Conventionally, the CDR circuits adopt the PLL-based CDR which
needs a phase detector (PD), a charge pump (CP), a loop filter, and
a voltage-controlled oscillator (VCO). Generally, the type of the PD
can be categorized into linear PD and bang-bang PD. The linear PD
produces its output proportional to the phase error between input
data and feedback clock, and the bang-bang PD returns its output
according to the sign of the phase error. In contrast to bang-bang
PD producing fixed pulse width, the pulse width generated by the
linear PD is smaller when the CDR circuit is phase locked. However,
Hogge detector, the most common linear PD in CDR circuits, has the
timing skew problem (between input data and re-sampled data due
to clock-to-data delay of flip flops) which introduces phase offset.
On the other hand, the bang-bang PD does not have the timing
skew problem because all combinational logics are preceded by flip
flops. Unfortunately, the jitter performance of the CDR using a bang-
bang PD is usually worse than a linear case because of its bang-bang
operation which disturbs the control voltage of VCO. In this work, a
5-Gb/s 1/4-rate clock and data recovery circuit using the dynamic
stepwise bang-bang phase detector is proposed. The simplified PD
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reduces the power consumption and circuit complexity. The CDR
adjusts the charge pump currents and the interpolation weight of
phase interpolators according to the phase error between input
data and feedback clock. The dynamic stepwise bang-bang PD
not only enlarges the pull-in range but also enhances the jitter
performance when the CDR is locked. The dynamic stepwise bang-
bang PD inherits the advantages of the linear PD and inhibits the
disadvantages of the bang-bang PD.
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Fig.2 > Characteristic curve of dynamic stepwise BBPD




