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A Random and Systematic Jitter Suppressed DLL
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ABSTRACT

A random and systematic jitter suppressed DLL is presented. The AC averages the delay time of successive
delay stages and equalizes the delay time of all delay stages. Measurement results of the DLL-based clock
generator fabricated in a one-poly six-metal 0.18 xm CMOS process shows 13.4-ps rms jitter.
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[ . Introduction

DLLs are often used in clock multiplication and,
recently, greater emphasis is being placed on
suppressing jitter in clock signals as the speed
of modern chips rapidly increases. The
combination of a PLL with a recirculating DLL is
used to generate a high frequency and low jitter
clock signal but it requires a clean reference
signal and complicated circuits [1]. A DLL with a
divider and a VCO-like VCDL is used for
frequency multiplication. The VCDL includes a
MUX which selects the reference signal or the
VCDL output signal [2]. In this paper, an AC is
introduced in [3] to suppress the systematic and
random jitter among the delay stage in the
VCDL. Moreover, a capacitor with a switch
working effectively as a negative feedback
function is introduced to the loop filter to
further suppress jitter. It has been implemented
in a 0.18xm CMOS process to verify the
proposed DLL-based clock generator.

[1. Architecture of the dil with Averaging
circuit

The entire architecture of the proposed
DLL-based clock generator with an AC is shown
in Fig. 1. It consists of a phase detector (PD), a
charge pump (CP), a loop filter (LF), a voltage
controlled delay line (VCDL), a delay variance
voltage converter (DVVC), an averaging circuit
(AC), and a frequency multiplier (FM). The
VCDL in Fig. 2 is made of ten differential delay
stages and each delay stage is negative feedback
looped with an AC. Each delay stage has two
input signals from LF and AC. V,, Vi and Vg
are the output signals of VCDL, DVVC and AC,
respectively.
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Fig. 1. Block diagram of the proposed DLL-based
clock generator.
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Fig. 2. Block diagram of the proposed VCDL.

The VCDL is negative feedback looped with a
DVVC and an AC.

The main negative feedback loop consists of
the PD, CP, LF and the VCDL. The output
voltage of the LF is from the main negative
feedback loop and is used to control the delay
time of the whole VCDL. The additional negative
feedback loop consists of one delay stage in the
VCDL and AC. The DVVC senses the delay
variance of each delay stage and generates a
voltage. The AC averages the output voltages of
two consecutive DVVCs to suppress the
systematic and random delay variance of each
delay stage in the VCDL.

II. Circuit description
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Fig. 3. Circuit diagram of voltage controlled
resistor & delay stage.
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Fig. 4. (a) Frequency Multiplier, (b) Edge
Detector, (c) Pulse Combiner.

Fig. 3 shows the delay stage used in the VCDL.
Each delay stage has two voltage controlled
resistors (VCR) which convert the output voltage
from the LF (Vipp) and the DVVC(V.) into a
current to control the delay time of each delay
stage. Fig.4 shows the frequency multiplier
which consists of an edge detector and pulse
combiner. The edge detector consists of an
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inverter and AND gate that generates a pulse
signal when its input signal rises. The pulse
combiner combines those pulses to generate a
high frequency output signal.
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Fig. 5. Measurement results of the DLL. (a) Chip
photograph, (b) layout of DLL, and (c) jitter
characteristic at 500MHz.
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IV. measurement results

The proposed DLL was implemented using a
one-poly six-metal 0.18 xm CMOS process. The
chip photographs, layouts and measured jitter
characteristics are shown in Fig. 5. The lower
layers of transistors and capacitors are not seen
because of the thick multi-inter-metal layers.
The die area is 1110 #m * 730 xm in Fig. 5
without LF capacitors.

The measured multiplied output clock signal has
13.4-ps rms jitter.

V. Conclusion

This paper suggests that using a DLL-based
clock generator with an AC in the VCDL can
suppress both random and systematic jitter. The
DVVCs and ACs form a negative feedback loop
in the VCDL. The DVVC senses the delay
variance of each delay stage and generates a
voltage. The AC averages the output voltages of
two consecutive DVVCs to suppress the random
and systematic delay variance of each delay
stage in the VCDL.

References

[1]Sander L. J. Gierkink, “Low-spur,
low-phase-noise clock multiplier based on a
combination of PLL and recirculating DLL
with dual-pulse ring oscillator and
self-correcting charge pump,“ /EEE J.
Solid-State Circuits, vol. 43, no. 12, pp.
2967-2976, Dec. 2008.

[2]Q. Du, J. Zhuang and T. Kwasniewski, “A
low-phase noise, anti-harmonic
programmable DLL frequency multiplier with
period error compensation for spur
reduction,” /EEE Trans. Circuits Syst. II,
vol. 53, no. 11, pp. 1205-1209, Nov. 2006.

[3]Y.S. Choi and J. Y. Park, “A low-jitter
DLL-based clock generator with two
negative feedback loops,” J. Semiconductor
Technology and Science, vol. 14, no. 4, pp.
457-462, Aug. 2014.

- 695 —



