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Abstract

A new phase frequency detector based digital phase-locked loop (PLL) of 125 MHz was designed using the 130 nm CMOS
technology library consisting of inverting edge detectors along with a typical digital phase-locked loop to reduce the lock time
and jitter for mid—frequency applications. XOR based inverting edge detectors were used to obtain a transition earlier than the
reference signal to change the output more quickly. The HSPICE simulator was used in a Cadence environment for simulation.
The performance of the digital phase-locked loops with the proposed phase frequency detector was compared with that of
conventional phase frequency detector. The PLL with the proposed detector took 0.304 us to lock with a maximum jitter of
approximately 0.1142 ns, whereas the conventional PLL took a minimum of 2144 us to lock with a maximum jitter of

http://dx.doi.org/10.5573/ieek.2013.50.10.076

approximately 0.1245 ns.

Keywords :

I. Introduction
A digital phase-locked loop (DPLL) is a negative
feedback control system, where the output frequency

tracks the mput frequency and rising edges of the
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output data clock (dclk) align to the rising edges of
the reference input signal (data). A DPLL plays an
important role in communication and digital systems
for  frequency  synthesis, skew  cancellation,
demodulation, clock recovery etc. Usually there are
two types of DPLL based on the type of detector.
One having XOR based phase detector (PD) and
another one having D flip—flop based phase frequency
detector (PFD), as shown in Figure 1. XOR based

PD has some inherent drawbacks for the application
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Fig. 1. Unit of a DPLL (a) phase detector (b) phase

frequency detector.

in DPLL. These are- it can lock on harmonics of
the width of the
reference signal and DPLL output signal is very

mnput reference signal, nput
much important in taking phase information from PD,
and it uses only phase information, that is, it does
not deal with the frequency information. On the
contrary, D flip—flop based PFD is free from all these
drawbacks and mostly used but it has poor noise
rejection unlike PD.

Now Study and researches are going on all digital
PLL based on time-to-digital converter (TDC),
digitally controlled oscillator (DCO) and digital phase
detector™. Tn ref. [1] the performance of a DPLL with
a TDC

applications,

is presented for the high frequency
like WiFi/WiMax. Ref”

another novel architecture for all DPLL for wide

presented

range of temperature stability, large input phase error
rage, spur cancellation and low power operation.
Again the conventional low power, low cost and
robust phase-locked loop design using advanced
CMOS technology is a challenging task due to the
system integration complexity[g]. In this paper, PDF
based DPLLs were designed for mid frequency level

applications. Because in a conventional DPLLWX],

(2529)

edge triggered D flip—flops are used in PFDs, it takes
time to change the output of the PFD, called up and
dn (down) and depended on the transition in the input
of its clock. The goal of this paper is to propose a
new inverting edge detector type PFD for the
conventional DPLL to change the output of it quickly
and hence reduce the lock time. The proposed PFD
based DPLL and conventional PFD based DPLL were
designed using 130 nm technology libraries in a
Cadence environment and simulated using HSPICE
and their performance was compared to show the
improvement.

The paper The
introduction section presents all digital PLL and
conventional DPLL. the

conventional architecture of DPLL and its background

is organized as follows.

In the second section,

mathematics are described. Third section describes
the modified PFD and DPLL with the new PFD, and
then the following section shows the design process
and results of the simulation found using standard
design and simulation tools. Finally, we concludes

this paper in last section.

II. Conventional DPLL

A conventional PFD-based DPLL, shown in Figure
2, consists of a PFD, tri-state or charge pump (CP)
combiner, EC loop filter™ 9], a current starved (CS)
inverter ' based voltage controlled oscillator (VCO)
and a divide-by-N counter. For simplicity, the divide
-by-N unit was omitted from this design[4].

A PFD is a sequential circuit whose outputs

depend on both the frequency and phase of the input

Reference Tri-state Loop VCO
510%1131,, PED B inverter [ filter P VCO| 0L
ta /CP (LPF)
dclk Divide-by-N [
a7 2. Bele| DPLLe E5%

Fig. 2. Block diagram of a conventional DPLL.
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signals and compares the rising edges of the input
signals and produces the up and dn (down) signals at
the output accordingly. If the rising edge of the data
leads the dclk, the PFD produces a Hi at the up
output to increase the frequency of the VCO, and
hence dclk whereas the dn, another output, remains
low, which is otherwise, used to decrease the
frequency of the dclk. True single—phase-clock
(TSPC)™ based D flip-flop was used in PFD for
simplicity.

Tri-state and CP are two types of combiner
normally used to obtain a single output from the two
outputs of a PFD to feed the single mput EC
loop—filter. In a tri-state configuration, either nMOS
or pMOS is ON, which connects the input of the
loop—filter directly to the ground or power supply,

Vaq. For this reason, the loop filter and hence, the
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Fig. 3. Low gain current starved voltage controlled

oscillator have a linear characteristic- (a) low
gain VCO (b) it's linear characteristic.

(2530)

7t&l DPLL

VCO, are affected by supply voltage variations as
well as ground noise. This problem is solved by a
charge pump[SJ. The output of the PFD contains the
desired dc component and undesired high frequency
components.

Therefore, to obtain the dc component, a KC low
pass passive filter is used as a loop—filter. For the
slow change in A4¢ the loop filter acts as an
integrator to find the average output of a PFD. On
the other hand, for a fast change, it tracks the time
differences of the rising edges or acts as a voltage
divider®.

A low gain voltage controlled oscillator produces a
high frequency signal at the output in proportion to
the input voltage, and will have linear characteristics
for having low gain[5] as shown in Figure 3. The
frequency of the oscillation of the VCO can be given
by the (1) for the Iy drain current of n stages of the

CS inverter™ .

I (1)
7 .Gy Vg

where

Co.=2C (WL +WL)=20 WL (2
tot_g ox( P p+ n n)_T ox

Cox can be determined by &,./Toy, Where &y is the
electrical permittivity and T,y is the thickness of the
Si02 layer of a MOS, and assuming channel width

W = Wp/2 = Wh

and channel length

L=1,=L,
One of the important quality factors for
determining the performance of a PLL is the

variation in the period of the output signal in the
time domain, which is known as jitterﬁ' ¥ For the A
frco frequency deviation of the VCO output, jitter, A

tir, can be estimated using (3)",
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At fOSC (f088+ A-}‘-’UCO)

)

The duty cycle of a VCO, must be 50% to avoid
Jitter and instability.

III. Proposed Phase Frequency Detector

Sometimes the up (or dn) needs to be Hi to
increase (or decrease) the frequency of the dclk.
Because a PFD consists of edge triggered two D
flip—flops and, data and dclk are connected to the
clock of the flip—flops, it will change the output when
there is a positive going transition (PGT) in data (or
dclk). Therefore, if it is not changing immediately
when required, a PGT can be inserted by a simple
combinational circuit, as shown in Figure 4, when it
is needed before the actual transition. Because the
combinational circuit or pre—coder uses only inverters
and a XOR gate, the output of it will preserve the
phase and frequency information of the data signal.

data | Inverted
Delay ¥ }éOR to
Unit ate || PFD

(@
1 2eJTaaTa1 Tranzient Response
=
0.0
g1 254 0d_data
=
0.0
g 15494 inv_data'
=
=25
g1 25 fop!
]
= i
o 250 500 750 100 125 150
time rE-21
(b)

Fig. 4. ) block dlagram and (b) Input and
output wave forms of the pre-coder of the

proposed PFD.

data,| Edge .
Detector || L Tri- VCO,ut
PFDp| -OCP ylstate |, lVCO—
Filter["| inv/
Edge |, cp
I-: Detector
- dclk

gl 5 Hetst DPLLE EE X
Fig. 5. Block diagram of the proposed DPLL.

An odd number of inverters were used to obtain
the delayed and inverted version of the data signal,
and a XOR gate[ﬁ] was used in pre-coder to combine
the original data with a delayed and inverted signal
of the data. In this way, a PGT can be inserted in
the marked position, as shown in Figure 4(b) and
Figure 5 shows the proposed architecture with the
new PFD.

IV. Design and Simulation Results

The maximum frequency deviation estimated from

¥ 1 AED MA m2loleHE
Table 1. Constants and Design Parameters.
Constants/Parameters Values
Eox 3.9x8. 854X10 “F/m
71(»( 2834><10 m
Cox
cs WL, 40/01
Wo/Ln 40/01
Inv Wo/Ly 20/01
' Wo/Ln 10/01
n 07
fasc 125 MHZ
Vad 12V

E 2. DPLL=Z9 H|uw
Table 2. Comparison of DPLLs.

Conventional PFD| Proposed PFD

Types of

DPLL tri- CPp tri- CPp
state state
Freq. [MHZz] 125 125 125 125
Max. Ty [ns]| 0.1245 0.1413 | 0.1363 | 0.1142

Lock EI‘ ir]ne, Ty 2.296 2.144 | 0.376 | 0.304
us

Power dissi—

pation (W) 0.1633 | 3474 | 340.5

0.1632

(2531)
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1 25-{Free ot 73503 ,Traniien_t HESEHSE_T _ was performed using the design parameters to satisfy
5 .?5; the specifications. Afterwards, the DPLL was
= simulated and different design parameters were
27 o B N O A A optimized until the desired output was found. In here,
248 247 ztlfe sz_éf}Q 25 Z.451 four DPLLs were designed, which are as follows: (a)
DPLL with conventional PFD and tri-state combiner,
@ (b) DPLL with conventional PFD and CP, (c) DPLL
:WMELHI”SiE”t Response with the proposed PFD and tri-state combiner and
1 oI 1 [0 (d) DPLL with the proposed PFD and CP. When the
g 5 output signal dclk of the DPLL is locked with the
N IR mput reference signal data, the edges of dick align
211 with that of data, which has been shown in Figure 6
fime (£:5) for above mentioned four cases.
(0) From the simulation it was found that the
[T A Lt Response conventional PFD and tri-state combiner based DPLL
81.02 took 2.296 us to lock with a maximum jitter of 0.1245
= 5 ns. Similarly, the DPLL with a conventional PFD and
I S S I N N CP took 2.144 us to lock with a maximum jitter of
340 340 tims:aB?E-Q“]S?D 280 0.1413 ns. On the other hand, the DPLLs with a
tri-state or CP combiner with the proposed PFD took
(C)_ 0.376 us and 0.304 us, respectively, to lock, and the
1_25_:m-r_ranmnt_negpwfe _ CP based proposed DPLL has a jitter of only 0.1142
s ?5 ns.
- 25
] V. Conclusions
280 400 420 440
time (E-2) The above mentioned design method was used
6) extensively to design the PFD, inverted phase
a2 6. 7|Z=AlE, Hole & DPLLS dok &8 (@) & detectors, loop filter, and 7-stage CS VCO. The W/L
2iel PFD2t tri-state, (b) E2iel PFD2} CP, © and others parameters in Table 1 are the optimized
H otst PFD2} tri-state €M, (d)M ekst PFD2} values. The results showed that the conventional
Fig. 6. CF%;(Zference signal, data and output dclk of the PFD-based DPLL with a tri-state combiner took a

DPLL using (a) conventional PFD and tri-state
combiner, (b) conventional PFD and CP, (c) the
proposed PFD and tri-state combiner, and (d)
the proposed PFD and CP.

the simulation result and hence the jitters, mentioned
not the

conventional rms or average values. The design

in Table 2, are the maximum values,

parameters, as mentioned in Table 1, were calculated

according to the specifications and then circuit sizing

(2532)

long time, 2.296 us, to lock with a maximum jitter of
0.1245 ns, which is less than 2.5% of its period 8 ns
[5]. On the other hand, the DPLL with a conventional
PFD and CP took 2.144 us to lock with a higher
jitter than the previous one but the value was still
lower than the rule of thumb- 25% of its period.
DPLL was
significantly by the addition of a PGT when required

The performance of the improved

before the actual time using the proposed PED.
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DPLLs with the proposed PFD and a tri-state or CP,
took less time i.e. 0.376 us and 0.304 us, respectively,
to lock, and the CP based proposed DPLL had the
lowest jitter of only 0.1142 ns. Therefore, using the

proposed architecture or inserting a PGT in the data

(or dclk) signal to change the output, up or dn to

minimize the lock time and jitter significantly.

[3]

[4]

(6]

[7]

[9]
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