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Abstract

An integrated 3.125Gbps clock and data recovery (CDR) circuit is presented. The circuit does not need a reference

clock. It has a phase and frequency detector (PFD), which incorporates a bang-bang type 4X oversampling PD and a
rotational frequency detector (FD). It also has a ring oscillator type VCO with four delay stages and three zero-offset
charge pumps. With a proposed PD and FD, the tracking range of 24% can be achieved. Experimental results show that
the circuit is capable of recovering clock and data at rates of 3.125Gbps with 0.18 um CMOS technology. The measured
recovered clock jitter (p-p) is about 14ps. The CDR has 18volt single power supply. The power dissipation is about

 140mW.
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I. Introduction

In recent years, the increase of data transmission

over the intemet has led to the demand for high-
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speed serial-data communication networks. Several
optical communication standards have been applied to
high-speed and long-distance
Considerable design efforts have been focused on
integrated fiber-optic
transmitters and receivers. CDR can be used for

communications.

low—cost, low—power
receivers to generate the clocks synchronized with
received data™*. One of challenges in designing
CDR is phase-frequency detectors (PFDs) dealing
with missing data transitions in NRZ data format. In
convention, Hogge type phase detector(PD), Alesander
type PD, tri-wave type PD, or quadricorrelator
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structures are used for CDR circuits. A three state
PFD can not be used in CDR application because the
data missing causes error pulses. In other CDR
architectures, the oversampling algorithm was applied.
These usually adopt 1'N demultiplexing architectures
for relaxing the processing speed after very high

23 This paper proposes a

oversampling the input
clock and data recovery circuit that has a half rate
PD and FD using 4x-oversampling method without a
reference clock®. The proposed circuit adopts a
tracking PLL structure for phase and frequency
locking. A  3.125Gbps CDR

implemented with a half-rate bang-hang phase

reference-less 1s
detector and a rotational frequency detector using 4x
oversampling method.

. Main subject

1. Architecture

The proposed architecture is shown in Fig.l. Input
data are sampled by 8 clock signals generated at the
output of a four-stage differential VCO, then the
phase and frequency detectors utilizes phase and
frequency error information with 8 sampled data. Due
to the small capture range of the phase detector, a
‘ added to aid frequency
acquisition. The outputs of the phase and frequency

frequency detector is
detectors control three charge-pumps and loop filter
to provide the control voltage for the VCO. And each
charge pump has individually a different amount of
current, respectively. Then, the VCO controlled by
the control voltage at the loop filter generates 8 clock
signals that have 45 degrees difference each other.
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1. Block diagram of the proposed system.
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Finally, the MUX controlled with clk2 signal is used
to produce the retimed data from DoutO and Dout4 to
obtain serial data from half-rate clock signal.

2. Phase Detector

The block diagram of a half-rate bang-bang phase
detector is shown in Fig. 2. The phase detector uses
eight clock signals (clk0, clkOb™clk3, clk3b) to detect
data transition for two consecutive incoming data.
Eight samplers sample eight data for two consecutive
input data. Through eight XOR gates, these samples
provide four output signals that control two charge
pumps (CPl, CP2) and loop filter to generate the
VCO control voltage for a phase error.

Fig. 3 shows the operation of PD up/down signals.
In this condition, Pupl Pdnl
generated in the case of a small phase error and

and signals are
Pup2 and Pdn?2 signals are generated in the case of a
large phase error. The number between clock signals
represents the regions between different phases of
clocks.

If the PD is locked, the data transition occurs on
the clk2 and clk?b signal. Using four steps with 4x
oversampling instead of the conventional two steps
linearity of the
bang-bang phase detector and results in both low

phase adjustment increases the

jitter generation and high lock-in range.

Fig. 4 shows the timing diagram of the four PD
up/down signals. Since the phase detector samples
consecutive two input data, the phase adjustment can
be done through one clock period. A data transition
between clkl and clk2 (region I in Fig. 3) causes

3.125Gbps input data
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Pupl-2 signal to generate. In a similar manner, a
data transition between clklb and clkZb (region IV in
Fig. 3) causes Pupl-1 signal to generate. Then
Pupl-1 and Pupl-2 signals are multiplexed with clkl
signal to obtain a complete Pupl signal. Pdnl, PupZ,
and Pdn2 signal of the PD are also generated with
the same manner. The hatched area illustrates the
covered region by pull-up and pull-down control
signal depending on data transition during one clock
period. In reference [2], four PD outputs are
generated using 5 different clock phases. In this
paper, using 8 phases the phase step control becomes
more refined. In addition to that, the lock can be
achieved with coarse and fine phase control method
by controlling four different regions (region I/V,
region II/VI, region II/VIL, and region IV/VII as
shown in Fig. 3). This enhances bandwidth of the
PD, the locking range, and locking time.
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Fig. 5. Block diagram of the frequency detector.
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3. Frequency Detector

In this paper, FD has the rotational frequency
detection architecture. Fig. 5 shows the block
diagram of the frequency detector. The FD uses
Pupl, Pup2, and Pdn2 signals from the PD to detect
frequency error. And the FD is disenabled by Pupl
signal when the frequency of the CDR is locked.

Fig. 6 shows the operation of the FD. Because the
FD uses the rotational method, if the consecutive
data transitions occur from I to IV or from V to VII,
FD generates a frequency up signal. If the successive
data transitions occur from IV to I or from VII to V,
FD generates a frequency down signal.

4. Circuit Design

Fig. 7 shows schematic of the phase detector with
four up/down signals. Eight data are sampled with
not a D-F/F but a sampler in the each positive edge
of eight clocks (clk0,clkOb, ~clk3, clk3b). And eight
XOR gates are used to detect data transitions. Then
four switches were used to generate four up/down
signal which are Pupl, Pdnl, Pup2, and Pdn2. Four
switches are individually controlled with clk0, clkl,
clk2, and clk3 signal.

Fig. 8 shows schematic of the frequency detector.
Frequency detector logic uses Pupl, Pup2, and Pdn2
signals generated by the phase detector. Pupl signal
is used to disenable the frequency detector.
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Fig. 9. Schematic of the Delay buffer.

The delay buffer used in VCO is shown in Fig. 9.
Because the effective resistance of the-load elements
changes with the bias voltage, the buffer's delay
varies with the bias voltage Vbp. This bias voltage
is generated by the feedback network of the phase
frequency detector, charge pump and loop filter.
These load elements lead to good control over delay
and high dynamic supply noise rejection[S].

Four delay stages in the VCO are locked at 2
-phase shift. Thus, for a data rate of 3.125Gb/s with
half-rate PFD operation, the VCO generates a
1.5625GHz clock signal. Thus the delay value in the
VCO is nominally set to be 80ps. Because the
operating voltage swing level of the core VCO-cell is
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small, the full-swing circuit was added to drive the
PFD circuit. The whole VCO circuit diagram is
shown in Fig. 10.

III. Experimental Results

The design was simulated and implemented with
TSMC 0.18um CMOS technology. The micro-
photograph of the chip is shown in Fig. 11. The input
data rate of 3.125Gbps with 15625GHz recovered
clock was the design target. The multiphase clocks
are generated from the VCO of 4 delay cells. When
CDR is locked at 3.125Gbps random input data, Fig.
12 shows the simulated CDR control signals which is
required to be locked state and Fig. 13 illustrates the
simulated recovered clock, input data, and the
recovered output data. Since the FD UP/DOWN
signals can turn off the charge-pump of the FD when
the locked, the
charge-pump of -the FD consumes no more power.

frequency of input data are

But two charge-pumps of the PD require continuous
power consumption because the PD adopts the

bang-bang operation.
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11. Microphotograph of the CDR.
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(a) Recovered clock, (b)Random input data (c)

Recovered input data.

The VCO tuning range is from 1.2GHz to 1.9GHz.
The stable VCO gain was obtained in the range of
1.37GHz to 1. 75GHZ The simulated tracking range is
249 from 3125Gbps This wide trackmg range can
be compared to the 4-5% in other references [23].
The CDR has 1.8volt single power supply. The power
dissipation is about 140mW.
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Fig. 14. Measured output data (upper) and recovered

clock signal (lower) (One horizontal grid size=
400ps).

Fig. 14 shows the measure output eye diagram for
3.125Gh/s data rate with 2exp(31)-1 PRBS and
recovered 156GHz clock. The measured clock jitter
(p—p) is about 15ps. The bit error rate is less than
10exp(-11). The core chip area without pads is
0.6mmx0.4mm. The implemented CDR is suitable for
SERDES for optical communications and 10G

Ethernet.
IV. Conclusion

We described a clock and data recovery circuit
with a half rate 4X oversampling PD and FD without
a reference clock. The CDR circuit with PD and FD
of 4X the
synchronization between input data and clock by

technique oversamping can find
performing digital logic ‘operations and recover the
consecutive  data without an additional circuit or
insertion of predefined signals. Since the circuit
utilizes the digital logic for PD and FD function, it
better portability to different

Experimental results show that the circuit is capable

has processes.
of recovering clock and data at-rates of 3.125Gbps
with 0.18 um CMOS technology. The measured clock
jitter (p—p) is about 14ps. The CDR has 1.8volt single
power supply. The power dissipation
140mW.

is about
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