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Abstract—An open-loop DLL-based multi-phase clock
generator for low jitter applications is designed m 0.13m
CMOS technology. A noise-free all-digital locking etection
circuitry (AD-LDC) is designed to detect whether theDLL is
locked in time domain. Besides, a current-mismatcfree, supply-
regulated charge pump is also proposed. As the DLL @pating
in the open-loop mode, an rms jitter of 500 fs ischieved at the
frequency of 400 MHz. The entire circuit occupies 01 mn? and
consumes 14 mW. The low jitter multi-phase clock gerator can
be applied for high-speed ADCs/DACs and wire lineransceivers.

. INTRODUCTION

Multiplying delay-locked loops (MDLLs) are attraed
recently due to its better jitter performance ampared to
that of phase-locked loops (PLLs) [1-4]. But in M4,
strong reference spurs appear at output of the MDhWing
to periodic insertion of the clean reference clolck.DLLs,
jitter comes from phase noise which is mainly cbotied by
a phase-frequency detector (PFD), mismatch of ageha
pump (CP) and delay cells. To have better jittefqgmance,
PFD and CP could be turned off after the DLL hasnbe
locked [5]. For this purpose, an additive circgitrieeded to
detect whether the DLL remains locked or not. I, [&
phase-error compensation (PEC) circuit is usedeteal the
phase error between the reference clock and thegbéek
clock in a DLL. Then, the detected phase erropisverted to
a voltage by an RC low-pass filter. Finally, thepu voltage
of the RC low-pass filter is compared with a refieee voltage.
When the output voltage is smaller than the refegarltage,
the DLL is still in lock. On the contrary, as theltage
exceeds the reference voltage, the DLL is out-@tkl Then
the PFD and CP are turned on for locking the DLhe PEC
needs an analog voltage comparator to compare ututo
voltage of the RC low-pass filter and the referemoftage.
Noise coming from the reference voltage and adiigeices
in the comparator all lead to degradation of jiierformance.
Besides, the analog voltage comparator also cdst epwer
consumption. In this paper, we propose a noisedledigital
locking detection circuitry (AD-LDC) applied to th@i L for
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Fig. 1.  The proposed open-loop DLL-based multi-phase clock

generator.

detecting whether the DLL remains locked or note WD-
LDC contributed no noise to the DLL is also inséwmei to
process, supply voltage and temperature (PVT) tiania

This paper is organized as follows. Section Il déss the
architecture of the open-loop DLL-based multi-phaseck
generator. Section Il describes in detail aboet ¢hrcuits of
the open-loop DLL-based multi-phase clock generator
Simulation result is addressed in section V. Fnalh
conclusion is remarked.

Il.  SYSTEM ARCHITECTURE

Fig. 1 shows the proposed open-loop DLL-based multi
phase clock generator, which is composed of a geita
control delay line (VCDL), a divider, phase-frequagn
detector (PFD), charge pump (CP) and an all-digiteking
detection circuitry (AD-LDC). The AD-LDC is used tetect
whether the DLL remains locked. As the DLL is under
locking, output of the AD-LDC (Sel) is set to ‘Qif opening
the DLL. Therefore, noise of PFD and CP will nohttibute
phase noise at output of the DLL, which greatlyucss the
output jitter. On the contrary, as the DLL is odift-tock
owing to supply/temperature variations or subtracise,
output of the AD-LDC is set to ‘1’ for relocking ehDLL.
The AD-LDC opens and closes the DLL by switching th
input of the CP. As Sel is ‘0’, the DLL is opened forcing
UP and DN signals of the CP into VDD and ground,
respectively. Thus, the CP is turned-off. As Sélisthe UP
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Fig. 2 Block diagram of the AD-LDC.
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Fig. 3 Time domain waveform of XOR_OUT before and
after the DLL is locked.

and DN signals of the CP are reconnected to theubaif the
PFD. Therefore, the DLL is reclosed for phase logki

For the most conditions, operating under a stabfmply
voltage provided by a supply regulator and a staplerating
temperature, the DLL will be under locked even libap is
opened. As operating under a worse environment,Abe
LDC can be very sensitive to the phase error haggbémthe
DLL. Therefore, the DLL can be relocked within one
reference period, which results in good systenabdity.

I1l.  CIrRcUIT DESIGN

A. All-digital locking detection circuitry (AD-LDC)

Fig. 2 shows block diagram of the all-digital loogi
detection circuitry (AD-LDC). Composed by a XOR, a
voltage control delay line (VCDL) and a D-flip-flothe AD-
LDC is designed to detect whether the DLL is locketime
domain. The XOR compares the phase between thédekd
clock (FB) and reference clock (REF), and generaps
output of a pulse-width modulated signal. The VCDL
produces a clock signal (ClKwhich delays the REF with a
time of Tymax Then the CLK is used to sample the output
signal of the XOR (XOR_OUT) in time domain. As thelse
width of XOR_OUT is less thangha, the output of the AD-
LDC is ‘0. Then we decide the DLL is locked. Oneth
contrary, as the pulse width of XOR_OUT is lardert Ty masx
the output of the AD-LDC is ‘1'. Then we decide theL is
unlocked. Therefore, the time delay of the VCDLy 1)
plays a role of threshold time to decide whether EHLL is
locked and can be tuned by a control voltage. Fghows the
time domain waveform of XOR_OUT before and after th
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Fig. 4 The VCDL in the AD-LDC.
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Fig. 5 Schematic of the délay cell.

DLL is locked. The VCDL composed by a chain of an
inverter with a varactor load is shown in Fig. 4.

B. DLL-based multi-phase clock generator

The DLL-based multi-phase clock generator is corados
by a VCDL, a PFD and a supply-regulated CP. The V@D
consisted by three delay cells. Therefore, clockbd whase
rotations of 6, 120 and 240 can be generated. Fig. 5 shows
the schematic of the delay cell. Cross-coupled igairsed in
the delay cell for power saving and improving phasése
performance [6]. The PFD is designed in tri-staithidecture.
Owing to the DLL is opened-loop as operating in tioeninal
state; a supply-regulated CP is needed to keepnaaried
V. for the VCDL as supply voltage is varied. Fig. l®ws
the schematic of the supply-regulated CP. The suppl
regulated CP also features elimination of curreistmatch. A
replica of the output branch is added. Therefdne, durrent
sources (M1-M2) are always turn-on and un-affedigdhe
switching pulses. Additionally, OP1 is used to ke¥p
following the CP output voltage. Thus both currsources
are balance whether in the charging or dischargihgse.
Thanks to OP2, the y\in the bias branch will track the CP
output voltage, thus theggrvariation of current sources (M1-
M4) are cancelled over the entire CP output raMymeover,
all switches (SW1-SW6) in this CP are implemented i
transmission-gate configuration. In the conventioGP
design, the switches are designed in n-channelarapnel
configuration, therefore the UP and DN pulses ske
unbalance loads. Owing to the transmission gatégumation,
the unbalance problem is solved. Besides, the rtresson
gate configuration leads to no DC drop for enlaggihe CP
output voltage range.
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Fig. 6 The schematic of the current-mismatch free, Fig. 8 Time domain waveform of the output of the -AD
supply-regulated charge pump. LDC.

Noise Response Jal

\/sart(He) W/sarcHe)

v

et 10% 105 108 107 108
freq (tz)

Fig. 9 The output noise voltage of the detector

Fig. 7 Layout of the open-loop DLL-based multi-phas  (pFD+CP) as the DLL operates under open-loop mode.
clock generator.

response to the detector noise and a high-passieiney
IV.  SIMULATION RESULT response to the VCDL. Owing to the most noise douted
by the detector is eliminated by open-loop the DIHar

phase clock generator. The whole chip has actiee af 0.01 ~ Minimizing output jitter of the DLL, a capacitor paced in

. : . the output of CP to form a one-pole filter with wer
mn?. Fig. 8 shows time domain waveform of the outffithe T i
AD-LDC, Sel. As Sel is 1.2 V (logic ‘1), the DLLsiclosed- frequency of 100 MHz for eliminating the most notsfethe

loop to lock the output clock by the reference klon the 400 MHz clock source. The simulated phase noigheoDLL

contrary, as Sel is 0 V (logic ‘0), the DLL is aped-loop. In in open-loop mode is shown in Fig. 11. Therefor&08 fs

the Fig. 8, before 14 s, there is a large phase error detectedLn;ffojrigzzrnccggug]em;?ugi dbgo%ntgﬂgfgngtﬁgrewg?ssigo
by the AD-LDC resulting a time-domain pulse widéan y P

Tamax( control by the VCDL in the AD-LDC). After 14 s, in Table I.

the phase error detected by the AD-LDC is less tharly mayx v
Thus the DLL is opened-loop to eliminate noise dbnted '
by the PFD and the CP which result in a betteerjitt A DLL-based multi-phase clock generator operating i
performance. Fig. 9 shows the output noise voltafj¢he open-loop mode is designed in 0B CMOS process.
detector (PFD+CP) as the DLL operates under opep-lo Unlike previous design detects whether the DLLoisked by
mode. The output noise voltage contributed by tiernal analog circuits in voltage domain, a proposed nbise all-
noise sources (frequency above 600 KHz in Fig.rO}hie digital locking detection circuitry (AD-LDC) is udeto detect
detector can be eliminated by switching off UP &b whether the DLL is locked in the time domain whiehds to
transistors in the CP. Fig. 10 shows phase na@s®mnance no analog design effort and avoids noise contribug the
of the 400 MHz clock source. The DLL performs a{pass detection circuitry. An rms jitter of 500 fs can &ehieved in

Fig. 7 shows the layout of the open-loop DLL-basadti-

CONCLUSION



Table | Performance summar

y and comparison

JSSQ02 JSSQ02 ISSCCO05 VLS| Symp!07 JSSQ09 This Work
(1 (2] (3] (4] (6]
Type Analog Analog Analog Digital PEC (Analog) AD-LDC
(Digital)
Process 0.18um 0.35um 0.35um 0.13um 90 nm 0.13um
Frequency 2 GHz 1.1 GHz 1.8 GHz 1.6 GHz 2 GHz 0.4 GHz
Supply 18V 3.3V 3.3V 12V Y 12V
Jitter (RMS) 1.6 ps 2 ps 1.8 ps 1.4 ps 1.6 ps 0.5 ps
(@2GHz) (@1.1GHz) (@1.8GHz) (@1.6GHz) (@2 GHz) (@0.4 GHz)
Area 0.05 mm2 0.07 mm2 0.07 mm2 0.037 mm2 0.037mm2 0.01 mm2
Power 12 mW 42.9 mW 86.6 mW 6 mW 7 mw 14 mwW
= — : - Perlodic Nolse Response ’E‘
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