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ABSTRACT

A novel phase-locked-loop (PLL) topology for
pulse width modulation (PWM) technique in high
speed 1/O circuits is presented in this paper. The
VCO of the PLL generates the eight phase clocks
of the same frequency. A simple level shifter
structure is used to amplify the VCO output signal
to the full voltage swing and guarantee 50% duty
cycle for a wide range of frequency. The
performance of the charge-pump and phase-
frequency detector is improved from the previous
research. The proposed PLL can be used in both
transmitter end and receiver end and the
performance satisfies the requirements of high
speed wireline communication.

. INTRODUCTION
As the demands for high speed data
communication are increased, modulation

techniques are proposed to increase the data
transferring speed. Pulse width modulation (PWM)
is one form of modulation schemes, which is
mostly used in high-speed memory systems (9).
The major advantage of the PWM scheme is that
the clock signal is embedded in the PWM-encoded
signal, therefore one rising edge is guaranteed
during each clock cycle. At the receiver end, a
conventional phase-locked loop (PLL) can be used
to recover the clock from the PWM signal instead
of the clock/data recovery (CDR) circuits. One
design of PLL can be used at both transmitter and
receiver end, which simplifies the design of the
transceiver. Based on the jitter analysis addressed
in (8), eight-phase clock is required for PWM-4
(here 4 stands for four different pulse widths)
modulation scheme. In most applications, an eight-
phase oscillator is derived from a quadrature VCO
by using two identical divide-by-two circuits (DTC)
(2). Therefore, VCO has to be oscillated four times
the frequency of the required eight-phase clock.
This implementation is not preferred for 1/0 design
since it challenges the speed limitation of the ring
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oscillator and consumes more power. In this paper,
a PLL that can generate eight-phase clock is
proposed on the basis of a novel VCO topology. It
is implemented in both transmitter and receiver
ends.

Il. PLL CIRCUIT DETAIL

A. PLL ARCHITECTURE

The supply regulated PLL block diagram is
shown in Fig 1. The PLL used in the transmitter
end has a feedback divider (N=8) with the
reference clock of 125MHz and it can generate 8-
phase 1GHz clock. At the receiver end, clock is
extracted from the received PWM signal, therefore
there is no feedback divider. Implemented in
standard CMOS 0.18um process, both the
transmitter PLL and the receiver PLL can generate

8-phase 1GHz clock.
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Figure 1: PLL Block Diagram

B. vco

(4) first proposed a ring oscillator architecture
that has both internal and external feedback and
feed-forward loop. In this paper, VCO is designed
as shown in Fig 2.



Figure 2: Octa-VCO architecture

The oscillator has eight internal loops, each of
which is a 5-stage ring oscillator. There are eight
internal edges, each one consists of two inverters
that form a latch to lock the phase. The
consecutive oscillation of the oscillator depends on
the ratio K, between the sizes of inverters within
the latches and the inverters on the external loop.
The ratio K. of 0.65 guarantees the stable
oscillation over the process and temperature
variations. With the increment of K;, the capacitor
load of the external loop increases, therefore, the
oscillation frequency of the VCO decreases. In this
application, K; of 0.65 is used. Fig 3 shows a good
linearity between VCO gain (Kvco) and the control
voltage over the different temperatures.
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C. Level Shifter and Regulator

The output voltage swing of the proposed VCO
may transit from 0-0.7V to 0-1.8V depending on
the control voltage. To assure the full supply
voltage swing of the different phase clock signal,
level shifter is used to shift the output signal of the
VCO to the full supply voltage swing. Traditional
simple level shifter does not guarantee 50% duty
cycle. In this paper, a novel structure of the level
shifter is proposed as shown in Fig 4.
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Figure 4: Level Shifter Architecture
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Figure 5: Duty Cycle VS. the Common Mode Voltage of Input
Signal over Different Frequencies.

With a carefully sizing, the DC input range of this
shifter is 0.35V--0.85V and the unit gain bandwidth
is around 5GHz. Therefore, this level shifter can
output the full-voltage swing 50% duty cycle signal
over a wide-frequency range. The simulation
results shown in Fig 5 illustrate how the duty cycle
is changed with the different input common-mode
voltages and the different signal frequencies. The





