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A 5-Gb/s Half-Rate Clock Recovery Circuit

Pyung-Su Han
Electrical and Electronic Engineering
Yonsei university
Seoul, Korea
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Abstract - A half-rate clock recovery circuit for 5-Gb/s
data rate was designed in 0.25-zm CMOS technology.
The bang-bang phase detector was used for high-speed
operation. The simulation results show that the half-rate
clock was successfully extracted from random bit data
sequence up to 6-Gb/s. In initial measurement of the
fabricated chip, 2.5-GHz clock was extracted from 2.5-
Gb/s PRBS 2-1. Further measurement will be done and
presented.

Keywords: Bang-bang phase detector, BBPD, Half-rate
clock recovery.

1 Introduction

BBPD (Bang-Bang Phase Detector) is widely used
for high-speed clock recovery circuits [1]. It can operate at
very high frequency because of its simple structure. Also
by using half-rate clocking, doubling the data-rate without
increasing the clock frequency, a circuit can process two
bits in one clock period. Adopting these techniques at the
same time [2], very high-speed clock recovery circuits can
be designed.

The conventional PLL (phase-locked loop) model
can not be used for BBPLL (Bang-Bang Phase-Locked
Loop) analysis because of BBPLL’s nonlinearity. Instead,
the BBPLL model proposed in [1] can be used. An
example of BBPLL schematic diagram is shown in Fig. 1.
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Figure 1. Bang-Bang PLL schematic diagram
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2 Bang-Bang phase detector

All building blocks except for charge pumps and
differential-to-single converters are designed with fully
differential circuits for high-speed operation.

Fig. 2 shows designed half-rate BBPD. Data bits are
sampled using CIk_I and Clk_Q. Sampled data bits, A, B
and C are compared by XOR gates to determine whether
the clock phase is faster or slower than data bits,
generating Up and Dn signals.
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Figure 2. Half-rate Bang-Bang phase detector
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3 Simulation results

The circuit was designed with 0.25-um CMOS technology.
Its operation was verified by SPICE simuation.
Considering parasitic effects, 6-Gb/s random bit sequence
was used for data input, which is 20% faster than target
speed, 5Gb/s. Fig. 3 shows recovered clock signal
overlapped with a input data eye-diagram.

4 Prototype chip

The circuit was fabricated with 0.25-um CMOS
technology. A photograph of the prototype chip is shown
in Fig. 4. The core area occupies an area of 320um x
130um. The prototype chip was glued on a test circuit
board and their terminals were connected using bonding-
wires by COB (Chip On Board) technique.



Figure 3. Recovered clock from 6-Gb/s random bit
sequence and input data eye-diagram

Figure 4. Prototype chip photograph

5 Measurement results

In the initial measurement, the clock recovery
operation was verified using half-speed data bit pattern as
input data. 2.5-GHz clock signal was successfully
extracted from 2.5-Gb/s data signal. Every single bit in a
half-speed bit sequence is seen as identical two bits for the
clock recovery circuit. This effectively reduces clock
recovery circuit’s loop gain to half. Fig. 5 shows
recovered clock from 2.5-Gb/s 2-1 PRBS. Measured jitter
was 10.7ps [rms] and 69ps [p2p]. Table 1 summarizes
measurement  results.  Full-rate  clock  recovery
measurement using 5-Gb/s bit sequence will be done and
its results will be presented.

6 Conclusions

A half-rate clock recovery circuit using a bang-bang
phase detector was designed with 0.25-um CMOS
technology. Its operation was verified by SPICE
simulation. A prototype chip was fabricated. In initial
measurement, a half-speed data pattern was used as input
data and 2.5-GHz clock was sucessfully extracted from
2.5-Gb/s 2’-1 PRBS. Further measurement including

clock recovery from 5-Gb/s bit stream will be done and
the results will be presented.
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Figure 5. Recovered clock waveform @ 2.5GHz, from
2.5-Gb/s 2’-1 PRBS

Table 1. Performance summary

Technology 0.25-um CMOS

Chip Area Core : 320-um x 130-pm
VCO freq. range 1.65-GHz ~ 3.5-GHz
VCO gain 150-MHz/V ~ 550MHz/V

350-MHz/V @ 2.5GHz

Jitter @ 2.5Ghz
with 2”-1 PRBS

RMS jitter : 10.7ps
P2P jitter : 69ps

Core : 22.5mW
Input/output buffer : 250mwW

Power
consumption
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