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Abstract - This paper presents low power and low locking time 

digital phase locked loop. DPLL is designed and simulated in 

tanner EDA and by using 0.18um technology. This design is 

based on current starved voltage controlled oscillator. This 

design consumes 4.47mW power and takes 0.312us to lock. 
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I. INTRODUCTION 

 
A Phase Locked Loop (PLL) is a circuit that synchronizes 

an oscillator‘s output signal with a reference or input signal 

in both frequency and phase. The phase error between the 

oscillator‘s output signal and the reference signal is constant 
 
(not necessarily zero) when the PLL is locked (reference 

input and oscillator output are synchronized). If a phase 

error builds up, the feedback control mechanism acts on the 

oscillator to reduce the phase error to a minimum [1, 5, 10, 

14]. 

 
PLLs are a well established and very widely used circuit 

technique in modern electronic systems, which are used 

primarily in communication systems. In essence, PLLs are 

circuits in which the phase of a local oscillator is maintained 

close (or locked) to the phase of an external (reference) 

signal [3]. 

 
The PLL differs from other feedback systems in that it 

operates on phase deviations rather than signal amplitudes 

and the variable of interest changes dimension through the 

loop, shown in Fig 1 (the reference and oscillator signals are 

used interchangeably with input x (t) and output y (t), 

respectively). The input signal (reference) is usually a 

phase-modulated periodic signal, for example 
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x (t) = A cos[ωint + Φn(t)] (1) 
 

Where in is the input angular frequency, A is the input 
 
signal magnitude, Φn (t) is the excess phase. 
 
The total phase of this signal is defined as: 
 

Φin (t) = ωint + Φn (t) and (2) 
 
The instantaneous (angular) frequency as: 
 

Ωin (t) = dΦin (t)/dt = ωin+ dΦn (t)/dt (3) 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Block diagram of the digital PLL 

 
The Scope of static and dynamic limits of stability of a 

PLL is shown below in Figure 2 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: Scope of static and dynamic limits of stability of a PLL 
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II.  DPLL DESIGN 

 

 
A Digital PLL (DPLL) consists mainly consists; voltage 

controlled oscillator, phase frequency detector, charge 

pump, low pass filter and divider network. 

 
A phase detector is a circuit that detects the difference in 

phase between its two input signals. It detects the phase 

difference between the reference frequency and the 

controlled slave frequency. Some PFD‘s also detect 

frequency errors; they are then called phase frequency 

detectors [8, 11 and 16]. 

 
Fig.3 is schematic of sequential phase detector design using 

Tanner S Edit tool. The PFD is build from two D F/Fs 

whose outputs are denoted Qa (Up) and Qb (Down) with 

reset features. The inputs to the two clocks are the reference 

A (fref) and feedback signals B (ffb). The D inputs are 

connected to VDD—always remaining high. The outputs 

are either ―UP‖ or ―DN‖ pulses. These outputs are both 

connected to an AND gate to the reset of the D-F/Fs. 

 
 
band-width of the filter also reduces the capture range of 
DPLL. The phase transfer function of the DPLL 

 
H(s) = Φclock / Φdata = Kpd Kf Kvco / s + β.Kpd Kf Kvco 

 
With s = јω and the feedback factor is β which is given as 

 
β = 1/N 

 
The transfer function of the loop filter is given by 

 

Kf = 1/1+ јωRC 

 
=1/1+sRC 

 
The loop filter used with phase detector is simple RC low-

pass filter. Since the output of the phase detector is 

oscillating, the output of the filter will show a ripple as well, 

even when the loop is locked [10]. So a ripple on the output 

of the loop filter equal to clock frequency will modulate the 

control voltage of the VCO. The natural frequency of the 

resulting second order system is given: 
 

Wn= [KpdKvco/N (R1+R2) C] **1/2 

 
Kpd=Phase detector gain and 

Kvco=VCO gain 

 
Because the input variable of VCO is frequency, it always 

has a 1/s term in the transfer function to integrate this 

frequency to phase. Designed filter is shown in Figure 4. 
 
 
 
 
 
 

 
Fig. 3 schematic of sequential phase detector 

 
 

 
The Loop filter is the brain of the DPLL. If the loop- 

 
filter values are not selected correctly, it may take the loop  

 

too long to lock, or once locked small variations in the input  
 

data may cause the loop to unlock [2, 10]. Reducing the 
Fig. 4 LPF circuit  
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The transfer function of the above loop filter is 

 

     
F1 ( s)  

1 s 2  
(11)         

)  

          
 

       s1 (1  s 
3
   

 

Where 1    Rb (C1  C2 )   (12) 
 

2  R1C1    (13) 
 

    
R

1

C
1

C
2     (14) 

 

3 C 
    

 

        

        
 

1
  C2 

 
 

And Rb is the input impedance of the filter, which is 

represented by the ratio of the voltage to the current input 

from the charge pump. 
 
 
The newly added capacitance, C2, should be about one tenth 

of the C1. This is a common design practice used when 

designing the loop filter for a PLL. This circuit results in the 

following transfer function Z(s): 

 
 
 
 
 
 
 
Because C2 is such a small value, it can be ignored for 

simplicity in the calculations. The loop becomes more stable 

as R increases. 

 
The charge-pump circuit comprises of two switches that are 

driven with UP and DN outputs of PFD. The charge-pump 

injects the charge into or out of the loop filter capacitor . 

This average voltage adjusts the frequency of the 

subsequent oscillator circuit. 

 
The frequency divider is an important building block in 

today‘s RFIC and microwave circuits because it is an 

integral part of the phase-locked loop (PLL) circuit. In a 

typical PLL loop, the output of the voltage-controlled 

oscillator (VCO) is divided down by the frequency divider. 

The divided signal is fed into the phase detector for 

 
 
comparison. The output phase difference is used to adjust 

the VCO output frequency. A frequency divider is an 

electronic circuit that takes an input signal with a frequency, 

fin, and generates an output signal with a frequency: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Charge pump 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 schematic of Phase Detector with charge pump 
and loop filter 

 

fout  
f
in

 , where n is an integer. n 
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Asynchronous dividers are the simplest form of 

frequency dividers. They consist of a series of T flip flops, 

where each T flip flop is made of D flip flop whose inverted 

output is connected back to its D input pin, making it a 

divide by two circuits. The schematic of DFF shown in 

figure7. 

 
Leading to an output in the form of 

 
 t 

y (t )  A cos(FR t  KVCO    Vctrl dt)
(9)

 
  

 

The excess phase output of the VCO, Φout, depends not 

only on the instantaneous value of Vctrl (t) but also on its 

history due to integration of frequency changes in time to 

form phase information. All these linear time-invariant 

(LTI) system assumptions on the simple PLL analysis give 

the following transfer function for the VCO in the s-domain 

 
with a pole at the origin due to integration [1,2,16].  

 K  
out  
 

VCO 
 

V 
 

(10)   
 

   
 

in  s  

    

 
The designing approach used is the current starved 

approach as the current starved VCO is based on the 

principle of ring oscillator it has the advantage of wide 

range of oscillation frequency and smaller size [2, 6, and 

15]. The current starved VCO is shown in Figure 9. 

 
 
 
 
 
 

Fig. 7: Schematic of DFF latch 
 
 
 
 
 
 
 
 

 
Figure 8: Schematic of Divide by 8 

 
Voltage-controlled oscillator (VCO) ideally generates a 

periodic signal with a frequency that linearly depends on the 

input (control) voltage Vctrl (t). Grounded input drives the 

VCO to run at its free-running frequency ωFR. Assuming a 

linear gain of KVCO (rad/s/V) for this block, which really is 

not true for practical VCOs, output frequency is found to be: 
 

  K  V (8) 
out FRVCO  ctrl  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 9: Current starved VCO 

 
The oscillation frequency is given by 

 

Fosc   1/N (t1   t2)  ID/N. Ctot.Vdd 
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Where N=odd number>=5. 

 
Now it is equal to the center frequency 
 

fcenter (Vinvco    Vdd/2 & Id      Idcenter) 

 

VCO stops oscillating when Vinvco   Vthn , 

 

Vmin  Vthn & fmin      0. 
 

The maximum VCO oscillation frequency fmax is 

determined by finding Id when Vinvco  VDD 

 
The Figure 10 shows the Schematic of DPLL. At first, when 

the control voltage is not high enough, the VCO doesn‘t 

oscillate. 

 
If the rising edge of the‗d‘ leads the ‗dref‘ rising edge, the 
 
"Up" output of the phase detector goes high while 

the"Down" output remains low. This causes the ‗vco‘ 

frequency to increase and makes the edges move closer 

(Figure 4). 

 
 
 
 
 
 
 

Fig.11: Phase detector output 

 
The transient responses of PFD along with charge 

pump and loop filter plots is shown in Figure 12. 
 
 
 
 
 
 
 
 
 

Fig. 10: Schematic design of DPLL 
 

 
III. SIMULATION/EXPERIMENTAL RESULTS 

 
Phase and Frequency Detector 
 
 
Figure 6 shows the Schematic of Phase and frequency 

detector. Two pulse voltage sources are used as the input 

signals of the Phase and frequency detector. 

 
One is treated as the input of the whole PLL, and the other  
is treated as the feedback from VCO. The two signals have 

Fig 12: Phase detector with charge pump plots 
the same frequency and different phases. 
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Loop Filter 
 
 
The magnitude and phase response plots of the designed 

filter from HSPICE are shown in Figure 13. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 15: frequency vs. voltage plot of current starved VCO 
 
 

Frequency Divider 
 

The  transient  response  of the  divide  by 8  is shown  in  
Fig. 13: Magnitude and phase response of loop filter  

Figure16 
 
Voltage Controlled Oscillator 

 
Figure 9 shows the Schematic of current starved VCO. The 

transient response of current starved VCO is shown below 

in Figure 14. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 14: Transient response of current starved VCO 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 16: Transient response of the divide by 8 
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Digital Phase Locked Loop (DPLL) 
 
 
Figure  shows the  Schematic  of DPLL.  The  transient 
 
response of the DPLL is shown in Figure17. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 17: Transient response of the DPLL 

 
IV. CONCLUSION 

 
A low power and fast locking digital phase locked loop has 

being designed and simulated. From the simulation results, 

it was revealed the power consumption of DPLL is 

4.47mwatts as compared to 5.14 mW of the DPLL reported 

by [20]. 

 
The simulation results also revealed that lock time of this 

DPLL is 0.312us which is almost improved by a factor of 

3.3 compared to work proposed by [5]. The other important 

results are summarized in table 1 given below: 

 
Table 1:  Digital Phase Locked Loop measured results 
 

Parameters Measured Results 
  

Technology 0.18 micron. 
  

Vdd 1.8V 
  

Power drawn by PFD 7.07nWatts 
  

Gain (up and down) -35dB 
  

Phase angle -π to +π 
  

Operating frequency range of VCO 320MHz 
  

VCO Gain (KVCO) 263.63radians/s. V 
  

Tuning range of VCO 81-950MHz 
  

Power consumed in VCO 5.809uWatts 
  

Reference frequency of DPLL 40MHz 
  

Lock time 0.312us 
  

Power consumed by DPLL 4.47mWatts 
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