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ABSTRACT 
High frequency PLL architecture with low noise, low spur and less area has been used in telecommunication based 
applications such as FM Receiver, which is part of a multi-radio System-on-Chip (SOC). In order to have long lasting battery 
backup, electronic gadgets such as smart phones and tablets are operating with low frequency reference clock that is 60MHz 
frequency. PLLs are playing vital role in generating multiple stable clock frequency needed by multi-radio system.  In this 
project, a 4.6 GHz Multipass voltage controlled ring oscillator based dual loop PLL is proposed. Aperture phase 
detection mechanism along with phase to analog voltage convertor is used for the designing of low inband noise PLL. 
A newly designed multipass voltage controlled ring oscillator is proposed to reduce effective stage delay and thereby 
increasing the slew rate of generated signal. The proposed PLL is fabricated in a standard 0.18µm CMOS process 
using Mentor graphics Pyxis schematic software Tool. Mentor Graphics Pyxis tool is used for implementing the 
modules of PLL. Transient and Noise analysis has been performed and compared with the existing PLL. Area of the 
PLL is optimized considerably by properly choosing the circuitry of internal blocks with less number of transistors 
without compensating overall performance of system. 
Keywords: Phase Frequency Detector (PFD), Aperture Phase Detector (APD), Voltage Controlled Oscillator (VCO), 
True Single Phase Clocked (TSPC), Frequency Locked Aid (FLA), Mentor Graphics Pyxis. 

1. INTRODUCTION 
Phase locked loops (PLLs) are widely used for frequency synthesis and clock generation in modern Systems-On-Chip. 
A PLL is a control system which uses negative feedback to align the clock phase of a voltage controlled oscillator 
(VCO) to that of the input reference. Typically a Quartz Crystal Oscillator (XO) is used to generate the input reference. 
A quartz crystal is a piezo-electric device which produces a mechanical oscillation when a voltage source is applied; the 
frequency of oscillation is determined by the shape, the cut and the elastic constants of the crystal [3]. Each XO 
provides a precise, fixed frequency source often in the range of a few kHz to tens of MHz. A higher oscillation 
frequency is also possible by tuning a crystal to its harmonics, called overtone frequencies.  
An XO exhibits extremely low phase noise due to its high Q factor, which is several orders of magnitude higher than 
an LC tank oscillator [5]. An XO also offers superior thermal stability often within 100ppms. However an XO is 
typically designed around a few standard frequencies. The main advantage of using a PLL for frequency multiplication 
lies in its ability to synthesize a highly tunable clock source using a local VCO with its in-band phase noise 
performance approaching that of the XO. 

 
Figure 1 A Typical PLL Block Diagram 

A block diagram of a typical PLL block diagram is shown in Figure 1. A phase frequency detector (PFD) or a phase 
detector (PD) is used to compare the phase between the reference clock and the feedback clock; the phase difference is 
measured using a charge pump (CP); the charge pump current is then converted to voltage across the loop filter (LPF) 
capacitors; the voltage signal gets further smoothed out in the LPF and is used to tune the VCO; a divided-down 
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version of the VCO clock feeds back to the PD and the loop is closed. In steady state frequency multiplication is 
achieved, fvco=N.fref where N is the divide ratio. 

2. LITERATURE REVIEW 
Phase Locked Loop (PLL) is an old technology dating from 1930’s. It is used for a wide range of applications in the 
fields of communications, instrumentation, control systems and multimedia apparatus. The techniques were mainly 
used for synchronous reception of radio signals. Widespread use of PLL began with TV receivers during 1940s. A PLL 
is a device which locks an output signal phase relative to an input reference signal phase. The signals of interest may be 
any periodic waveform but are typically sinusoidal or digital clock PLLs were used to synchronize the horizontal and 
vertical sweep oscillators to the synchronous pulses. Literature review about various types of PLL is discussed as 
follows, 

2.1 A Fully Integrated CMOS Phase Locked Loop 
Cheh Ming Hung et al. (2002) [2] proposed a fully integrated 1.5-V 5.5-GHz CMOS Phase-Locked Loop. In this paper, 
a 1.5-V 5.5-GHz fully integrated phase-locked loop (PLL) has been implemented in a 0.25- m foundry digital CMOS 
process. Also produced many results and a PLL operating at 5.5 GHz with low phase noise and low power consumption 
has been demonstrated using a 0.25- m foundry digital CMOS process. By utilizing voltage doublers in the PLL to 
supply the charge pump, the frequency tuning range is increased while the degradation of the PLL phase noise and 
spurs is kept negligible. A new charge-pump circuit which reduces the current glitches at its output is realized and the 
PLL spurs are < - 69 dBc. The achieved performance of the PLL suggests that integration of a low-cost and low-power-
consumption frequency synthesizer for high bit-rate 5-GHz wireless applications is feasible in a standard digital 0.25- 
mCMOS process. 

2.2 A Digital calibration technique for charge pumps in Phase-Locked systems  
Chi-Fu Liang et al. (2008) [3] proposed a digital calibration technique for charge pumps in phase-locked systems. In 
this paper, A digital technique is adopted to calibrate the current mismatch of the charge pump (CP) in phase-locked 
systems. In this digital calibration technique, there is no extra replica CP needed. A digital calibration technique has 
been proposed to alleviate the mismatch in conventional CP circuits. Unlike the previous method with a replica CP, this 
proposed technique calibrates the CP circuit in the loop without a replica CP. For the wideband applications, the 
control voltage of the VCO may vary in a wide range. Our technique may provide a good way to compensate the CP 
current mismatch due to the channel-length modulation. The technique consumes negligible power with a cost of extra 
calibration time. However, the extra calibration time can be further reduced by transforming the SAR controller into a 
counter once the SAR controller has completed. 

2.3 CMOS fractional-N Synthesizer utilizing Hybrid PFD/DAC structure for reduced broadband Phase noise 
Meninger. E et al. (2006) [8] proposed A 1-MHZ Bandwidth 3.6-GHz 0.18 µm CMOS Fractional-N Synthesizer 
Utilizing a Hybrid PFD/DAC Structure for Reduced Broadband Phase Noise. In this paper, A frequency synthesizer 
architecture capable of simultaneously achieving high closed-loop bandwidth and low output phase noise is presented. 
The proposed topology uses a mismatch compensated, hybrid phase/frequency detector and digital-to-analog converter 
(PFD/DAC) circuit to perform active cancellation of fractional-N quantization noise. When compared to a classical 
second-order delta sigma synthesizer, the prototype PFD/DAC synthesizer demonstrates > 29 dB quantization noise 
suppression without calibration, resulting in a fractional-N synthesizer with 1-MHz closed-loop bandwidth and - 155 
dBc/Hz phase noise at 20-MHz offset for a 3.6-GHz output. An on-chip band select divider allows the synthesizer to be 
configured as a dual-band (900 MHz/1.8 GHz) direct modulated transmitter capable of transmitting 271-kb/s GMSK 
data with less than 3 degrees of rms phase error. We have proposed utilizing a mismatch compensated PFD/DAC 
structure to dramatically reduce the impact of fractional-N dithering noise on synthesizer performance. The proposed 
architecture utilizes several compensation techniques to alleviate the presence of mismatch sources that would 
otherwise adversely affect noise cancellation. Circuits capable of generating an accurate charge-box through the use of 
dynamic element matching techniques have been presented. Using these techniques, mismatch that would otherwise 
result in incomplete noise cancellation and large fractional spurs is converted to broadband noise that is then filtered by 
the PLL. The prototype PFD/DAC synthesizer exhibits 29-dB noise suppression when compared to the same system 
configured as a second-order synthesizer, demonstrating a simultaneous achievement of excellent noise performance 
and high synthesizer bandwidth, without the use of calibration. Measurements of the prototype system suggest that 
future designs of the PFD/DAC synthesizer should focus on reducing, and perhaps noise shaping, the timing mismatch 
between the two phase paths within the PFD/DAC, since this noise source limits noise performance. Measurements 
further suggest that on-chip coupling limits fractional spur levels to 45 dBc for the 3.6-GHz output, implying that this 
is a primary issue of concern for future designs. 
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3. DUAL LOOP PLL ARCHITECTURE 
3.1  Linear PLL 
The PLL is a nonlinear system which poses difficulties for the conventional analysis method of using a transfer 
function, especially during lock acquisition. However in the locked condition, a linear time-invariant (LTI) model can 
be used, assuming the PFD transfer characteristic is linear in this operating region [29]. A phase-domain LTI model is 
shown in Figure 2, where the PFD is modeled with a linear gain of ICP/2π and Kv is the VCO gain in [Hz/V]. The ideal 
integration 1/s accounts for frequency to phase conversion. Here we have assumed that the VCO response time is much 
faster than the loop bandwidth, as is typical, and no pole is modeled in the VCO gain. A second order passive loop 
filter formed by R1, C1 and C2 is used as an example for ease of analysis. The loop gain can be found as: 
 

 
Figure 2 Phase Domain Linearized Model 

3.2 Components of Dual PLL 
A dual loop PLL consists of two loops, namely main loop and sub loop.  The main loop comprises of aperture phase 
detector (APD), phase to analog converter (PAC), and charge pump (CP), third order Loop filter, VCO, differential to 
single ended circuit and inverter chain. The sub loop is named as frequency locked aid (FLA) loop. It consists of blocks 
normally available in conventional PLL such as phase frequency detector (PFD), charge pump, divider and additionally 
dead zone creator (DZ). It shares the LF and VCO with the main loop. FLA is used for correct frequency locking and to 
avoid locking in sub harmonic mode. At the start of frequency acquisition process, FLA tracks the phase error between 
REF (Reference signal) and DIV (Divider output signal), but the main loop tracks the phase error between REF and 
VCO signal at the same time. A block diagram of dual loop PLL architecture is shown in figure 3. 

 
Figure 3 Dual Loop PLL Architecture. 

Due to its higher gain, FLA overrules main loop. If Phase/Frequency error is small, DZ creator closes CP2 in FLA 
suddenly. After that main loop dominates final locking process, which contributes the phase noise, power consumption 
and reference spur of the PLL. Once phase locking occurred, CP2 and divider have no effects on the main loop and they 
do not makes any phase noise, which is done for reduced power consumption. FLA tries to make the VCO frequency 
equals to N times REF frequency and main loop performs the work of aligning VCO signal with REF signal in final 
locking process.  

3.3 Aperture Phase Detector 
Aperture phase detector performs comparison of phases between REF signal and VCO signal. It neglects the need of 
divider in this PLL. The schematic diagram of APD is shown in the figure 4. Being control signal PUL_WIN low, APD 
tracks the first rising edge of REF signal and VCO signal. If control signal PUL_WIN goes high, APD signals will goes 
low. Normally, Phase frequency detector compares the DIV signal and REF signal, then it produces the UP and DOWN 
signals. The frequency of PUL_WIN is same as that of REF signal but the timing window of PUL_WIN is little bit 
wider than VCO period for avoiding edge missing during phase comparison.APD can detect positive as well as 
negative phase errors simultaneously at the middle time of Wd ( width of PUL_WIN). The UP and DOWN signals are 
called as truncated signals. They are quite bit different and having half the pulse width of Tvco . 
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Figure 4 Block diagram of Aperture Phase Detector 

.   The pulse width of APD output signals is proportional to phase error  and its gain is expressed as  

                    (1) 

3.4 Multipass Ring Oscillator 
The simplest ring oscillators have single loop architecture. While straight forward to design the basic ring is allowed to 
lower frequencies. The maximum oscillation frequency of a ring oscillator is determined by the minimum delay time 
through the feedback path, which is the product of the number of stages and the delay of the stage. F- and F+ are the 
primary inputs of a gain stage , S- and S+ are the secondary inputs. This technique adds auxiliary feed forward loops 
that work in conjunction with the main loop. The main idea is to reduce the delay of the stages below the smallest delay 
that is possible inside a simple ring oscillator loop. This is accomplished by adding a set of secondary inputs to every 
stage and switching these secondary inputs earlier that the primary inputs during the operation. Note the auxiliary 
loops should not be stronger that the main loop to avoid undesired oscillation modes. The frequency of the oscillation 
depends on the numbers of the stages in both the main and the auxiliary loops, such that the maximum frequency is 
determined by the fastest signal path. A schematic diagram of multipass ring oscillator with modified delay stage is 
shown in the figure 5. 

 
Figure 5 Schematic of Proposed Multipass Ring Oscillator 

A three stage multipass ring oscillator was designed for producing the sustained oscillations for PLL. It produces the 
output frequency based on the control voltage from the charge pump.  Delay characteristics of the saturated stage can 
also be controlled by varying the strength of the latch. This can be accomplished by inserting MOS transistors inside 
the feedback path. It avoids the use of cascade connections and tail current source transistor that would limit the signal 
swing and add more noise to the output. This kind of frequency control based on the control of the latch strength is 
preferable over the other frequency control techniques for a high frequency ring oscillator design. NMOS transistors 
M3 and M4 are used to control the strength of the latching by altering the positive feedback from coupled pair M1 and 
M2.  

 
Figure 6 Schematic of Single Stage of Ring Oscillator 
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A schematic diagram of designed single stage of ring oscillator is shown in the figure 6. Once the latch is triggered, it 
helps pulls up the voltage on one side while simultaneously reducing it on the order. The control voltage is connected to 
the gates of the M3 and M4 such that increasing the positive feedback gain in the latch by reducing FET resistance. 

4. RESULTS AND DISCUSSION 
Circuit level simulations were carried out in Mentor Graphics Pyxis tool with 180nm technology. Dual loop PLL with 
Multipass Ring oscillator VCO circuit is proposed PLL with APD was simulated in analog simulation mode. Transient 
analysis was done for closed loop PLL. A Dual Loop PLL with divider less architecture was taken for simulation to 
compare the results with modified DLPLL with multipass ring oscillator.  At first, Dual Loop PLL with aperture phase 
detector and phase to analog convertor was constructed using LC VCO. Some of the building blocks that Dual Loop 
PLL architecture are modified. Inverter chain for buffers is removed to avoid the phase noise and modified Aperture 
phase detector was proposed. Instead of LC VCO, Multipass ring oscillator based VCO was constructed to increase the 
tuning range of PLL and less area constraints. In this work delay parameters of each stage of ring oscillators are 
optimally chosen in such a way that ring oscillator to have free running frequency. This design will lock the incoming 
signal to this reference frequency. This could be used to produce constant oscillations for producing stable clock for 
applications where system operation sensitively depends on clock variations like jitter and noise. Aperture phase 
detector is designed using True single phase clocked (TSPC) D flip flops, but it consumes less power while comparing 
the reference frequency and VCO output frequency. The transistor counts in TSPC D flip flops are less when compared 
to Dynamic D flip flops, which in turn reduces the area and power consumption by aperture phase detector. Noise due 
to aperture phase detector was reduced by the control pulse from the clock generation circuit, which turns on the 
sensing of Phase difference only when the control pulse goes high. 

4.1 Output Waveforms 
In this section, simulation results are discussed with waveforms obtained from each block of the modified dual loop 
PLL architecture. Reference frequency of 60MHz is given to the modified architecture and obtained the following 
waveforms. The output waveforms obtained from APD, PAC and PFD are shown in the figure 7. 
 

 
Figure 7 Output Waveforms of APD, PAC and PFD 

APDUP and APDDOWN in the figure indicate the UP and DOWN pulses generated by Aperture phase detector as a 
result of phase error between reference frequency and VCO frequency. PFDUP and PFDDOWN show the UP and 
DOWN pulses from Phase frequency detector block. PACUP and PACDOWN indicate the output pulses form phase to 
analog convertor. UP pulses corresponds to phase error indicating reference signal leads VCO signal. DOWN pulses 
corresponds to phase error indicating VCO signal leads reference signal. Figure 8, shows the waveform of frequency 
locking aid (sub loop), control voltage from the charge pump and the output waveform of loop filter. The loop filter 
filters ac components in the charge pump output and produces the pulsating DC waveform.  

 
Figure 8 Output Waveforms of Charge Pump and Low Pass filter 
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FLLUP and FLLDOWN in the figure show the UP and DOWN pulses of the frequency locking aid loop. ICTRL 
indicates the waveform of charge pump current and is the filtered out by loop filter to pulsated DC, shown in figure as 
LFOUT. The frequency locking aid helps main loop for the locking process. After locking process, the output of both 
FLLUP and FLLDOWN become low, this indicates reference frequency is matched with the divider frequency. Figure 
9, shows the output waveforms of Differential to single ended circuit, reference signal and the generated signal. The 
signal generated by multipass ring oscillator VCO is half swing output. So it is needed to make them as full swing 
signal by the help of differential to single ended circuit.   

 

 
Figure 9 Input and Output signals of Modified Dual Loop PLL 

VOUTPLUS and VOUTMINUS indicate the output waveforms of differential to single ended circuit. REF shows the 
waveforms of reference signal given to dual loop PLL architecture. GENSIG indicates the generated high frequency 
signal from multipass voltage controlled ring oscillator. Table 1, shows obtained results from simulating various PLLs 
with f

ref 
reference frequency and f

out
 output frequency. In these simulations, clock signal is kept as a reference signal. 

The proposed PLL is designed for 60 MHz reference frequency and 4.6 GHz output frequency. For the same set of 
frequencies Multipass ring oscillator based dual loop PLL has also been implemented. In order to compare the 
performance of system various PLL designs are taken for implementation and comparison. All the PLLs are compared 
by means of input and output frequencies for which it is designed, phase noise performance, power consumption and in 
terms of implementation technology. 

Table 1: Comparison of performance parameters of Various PLLs  

 
 
The conventional PLL architecture uses the LC based voltage controlled oscillator and is implemented using 180 nm 
technology. It consumes power of 4.02 mw which is high compared to this proposed PLL, which consumes 3.5mw. So, 
13% of power is saved by this design. High frequency signals of 4.6 GHz frequency can be generated due to high slew 
rate of proposed multipass ring oscillator which is implemented in dual loop PLL architecture. 

5.Conclusion 
A dual loop phase-locked loop and various PLL architectures were implemented and simulated in Mentor Graphics 
Pyxis tool with 180nm technology. In this project, modified dual loop PLL with 60 MHz reference frequency is 
compared with the LC VCO based dual loop PLL of 60 MHz reference frequency. From analysis results, it is evident 
that major noise and spur causing resistors and capacitors value considerably reduced in this design compared to 
conventional one. This reduces overall noise of the system by 13.6% compared to LC VCO dual loop PLL architecture. 
Since, it is tedious to control the switch dynamically in modified aperture phase detector design. Number of transistors 
used in proposed APD is 46, transistors involved in conventional sequential APD is about 64. Hence, proposed APD 
occupies 29.5% less area comparatively. This proposed PLL can be used for generating clock signal in a baseband 
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portion of an FM receiver in portable applications. Since, it operates with 60MHz reference frequency it consumes less 
power for operation. This is a desirable feature needed for battery operated devices. 
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