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Abstract—This paper presents a component (tunable delay
cell) of ring-voltage-controlled oscillator (ring-VCO)-based
sub-sampling phase locked loop (PLL) at 65-nm
technology.we have designed a 8T Tunable delay cellutilizing
complementary-metal-oxide—semiconductor (CMOS)
logic.The Tunable delay cell is first simulated and compared
with traditional results at 65nm technology. We have used the
Tanner EDA Tool with version 14.11 in 65nm technology and
calculated the various parameters, such as, power, delay and
power delay product (PDP), and compared with the existing
design circuit. The circuit is simulated for 0.8V-1.2V supply
at 65-nm technology, the normal power utilization was
observed to be to a great degree low with reasonably low
delaywere reported. The power and delay are calculated
as39.766 uW and 46.988ps at 65-nm and 1.2V supply voltage.

Index Terms—PLL, Complementary MOS, Tanner tool,
ring-voltage-controlled oscillator.

I INTRODUCTION

To increase the level of integration of phase-locked
loops(PLLs) in silicon chips, ring voltage-controlled
oscillators (VCOs) arethe most preferred choices than LC
VCOs.With the wireless communication industry developing
rapidly, CMOS circuits which are low-cost, low-power, high
stability become the best wireless communication system
solutions. In the communication system, the voltage
controlled oscillator (VCO) is the important component,
especially in the PLL circuit, clock recovery circuit and
frequency integrated circuit, so it is the top priorities.
According to oscillator principle, oscillator can be divided
into two categories: One is the LC oscillation which is
composed of the active devices, coupled with LC resonant
circuit. Another one is the loop ring oscillator which is
composed of delayed cascade units with a positive feedback.

Tunable digital delay elements are widely used in integrated
circuits; e.g. in DLLs and PLLs to generate accurate clocks ,
in delay-line-based time-to-digital converters, in asynchronous
systems processing bundled data to ensure correct system
timing , and in continuous-time signal processors (CT-DSP) to
set the frequency response . Delay cells are expected to have
some or all of following attributes:

¢ Wide tuning range;

+ Good matching between identically laid out cells;

+ Low jitter;

+ Signal-independent delay;

¢ Robust communication, in order to guarantee correct
propagation of every input event.

Timing elements, such as D-flipflops (DFF) and latches, are
the most critical components in sequential circuits. Their
principal function is to sequence operations. The performance
of the system is limited by their setup and hold times. For
instance, reducing the setup time of a DFF often allows
synthesis tools to reduce the physical size of gates in the logic
cone that feed the D-input, which can lead to significant
reduction in area and power.

Il. Ring-VCO-based SSPLL
a. D-Flipflop
D-flipflop is designed by using 8 NAND gates and two
inverter circuits as shown in the Fig.1.The circuit is simulated
for 1.2V at 65-nm technology. The power and delay for the
circuit are 3.6775 uw and 102.89 ps.

Fig.1. Detail circuit diagram of D-flipflop.

The waverform for D-flipflop is shown in Fig2.
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Fig2 waverform of D

-flipflop Fig4.waverfor;for pulser
b. Pulser c. Sub-sampling PD
The Fig3 below shows the schematic of pulser. The pulser The sub-sampling PD is designed by using two Nmos with
originates the pulse with a reference clock and pulse width can gate connected to ref input and two capacitors of 1fF.The Fig5
be controlled by Vtune. shows the circuit of sub sampling PD.

Fig3. Circuit diagram for Pulser.

The pulser circuit is simulated for 1.2V at 65-nm technology
and power consumption and delay are 4.9247 uW and 113.87

ps.The waveform for pulser is shown in Fig 4. FigS circuit of ub-sapling P

The Fig6 shows the waverform of sub-sampling PD circuit
simulated for 1.2V at 65-nm technology.
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Fig6 waverform of sub-samplingPD

d. Delaycell
The delay cell consists of 9 Nmos and 9 PMOS structures
shown in Fig7.

Fig7.circuit for Delay cell.

The waverform for Delay cell is shown in Fig8 simulated for
0.8V-1.2V at 65-nm.

Time (rs)

Fig8 waverfom of Delay cell.
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1. PROPOSED DELAY CELL

As we know the main building block of an VCO is delay cell.
It consumes most of power, So to make VCO circuit low
power consuming and high speed applicable we need to
modify the Delay cell block. Here we have proposed a
Tunable Delay cell with only 8CMOS transistors. So it will
consume less power and delay in circuit with less area
occupancy. The Fig9 shows the circuit diagram for tunable
delay cell.

Fig.9 The proposed Tunable delay cell circuit.

The waveform for Tunable delay cell is given in Figl0 and
simulated for 0.8V-1.2V at 65-nm technology.The power
consumption and delay is calculated for the tunable delay cell
circuit and compared with the traditional delay cell circuit.

Fig10. Waveform of Proposed Tunable delay cell.
IV.  RESULT

The proposed Tunable delay cell circuit also dissipates less
power and consumes less area as the number of transistors are
reduced. Simulation has been done for power
dissipations,delay, power delay product for the proposed
tunable delay cell circuit and the results of the proposed
circuit are compared with those of traditional delay cell.
Result is carried out in 65-nm.
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Table 1Results for traditional Delay cell at 65nm Technology

Supply Power Delay PDP(f)
voltage (u) (p)

Energy(f)

0.8V 12.813 323.25 4.1417 128.13

0.9v 21.819 204.53 | 4.4626 218.19

1.0v 31.696 163.61 5.1857 316.96
1.1v 41.746 146.57 6.1186 417.46
1.2v 51.705 137.88 7.129 17.05
Table 2 Results for tunable delay cell circuit at 65nm
Technology
Supply voltage Power (u) Delay (p) PDP(f) Energy(f)
0.8V 8.1517 142.20 1.1592 81.517
0.9V 15.558 80.604 1.2540 155.58
1.0v 23.884 60.863 1.4536 238.84
1.1v 32.186 51.608 1.6610 321.86
1.2v 39.766 46.988 1.8685 | 397.66

V.  CONCLUSION

The simulation doneusing Tanner EDA tool with
65nmtechnology and compared with traditional design
approaches. The simulation results showed that the proposed
tunable delay cellgives improved delay, power consumption,
PDP and Energy compared with the traditional designs. The
efficient tunable delay cell with less number of CMOS
transistors leads to fast switching speed. The proposed tunable
delay cell offered 23.09% improvement with respect to the
traditional design of delay cellin terms of Power Consumption
(65-nm technology at 1.2 V). The design is simulated at
extremely low voltage of 0.8 V at 65nm technology and the
power consumption calculated is improved by 36.37% with
respect to traditional delay cell. The delay for the proposed
circuit is calculated to have been improved by 65.92% at 1.2V
and 56.009% at 0.8V.

VI. REFERENCES

[1]. Kenta Sogo, Akihiro Toya and Takamaro Kikkawa“A Ring-
VCO-Based Sub-Sampling PLL CMOS Circuitwith -119
dBc/Hz Phase Noise and 0.73 ps Jitter”,2012 IEEE.

[2]. Yu Chen,Rajit Manohar,Yannis Tsividis “Design of Tunable
Digital Delay Cells”,2017 IEEE.

[3]. Jinhyun Kim,Jeongsoo Park, Jeong-Geun Kim “A low phase
noise 0.9 / 1.8 GHz dual-band LC VCO in 0.18 um CMOS
technology”,2018 International Conference on Electronics,
Information, and Communication (ICEIC).

[4]. Shita Guo ,Ping Gui, Tianwei Liu “A Low-Voltage Low-Phase-
Noise 25-GHz Two-Tank Transformer-Feedback VCO”,03
April 2018.

[5]. Xingyuan Tong, Jie Wang “A 1 V 10 bit 25 kS/s VCO-based
ADC for implantable neural recording”,2017 IEEE Biomedical
Circuits and Systems Conference (BioCAS).

ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE)

[6]. Moitreya Adhikary, Animesh Biswas ,M. Jaleel Akhtar “IF
frequency tunable self oscillating mixer using cylindrical
dielectric resonator VCO”,2017 IEEE Applied Electromagnetics
Conference (AEMC).

[7]. A. Chu, B. Schlecker , J. Handwerker , S. Kiinstner , M.
Ortmanns, K. Lips, J. Anders “VCO-based ESR-on-a-chip as a
tool  for  low-cost,  high-sensitivity = food  quality
control”,Biomedical  Circuits and Systems Conference
(BioCAS), 2017 IEEE.

[8]. Wei-Sung Chang; Po-Chun Huang; Tai-Cheng Lee “A
Fractional-N  Divider-Less Phase-Locked Loop With a
Subsampling Phase Detector”,2014 IEEE Journal of Solid-State
Circuits

[9]. Shravan S. Nagam; Peter R. Kinget“A236.3dB FoM sub-
sampling low-jitter supply-robust ring-oscillator PLL for
clocking applications with feed-forward noise-
cancellation”,2017 IEEE Custom Integrated Circuits Conference
(CIcec)

[10].Sho Ikeda; Sang-yeop Lee; Hiroyuki Ito; Noboru Ishihara;
Kazuya Masu “A 0.52-V 5.7-GHz low noise sub-sampling PLL
with dynamic threshold MOSFET”,2014 IEEE Asian Solid-
State Circuits Conference (A-SSCC)

[11].Viki Szortyka; Qixian Shi; Kuba Raczkowski; Bertrand Parvais;
Maarten Kuijk; Piet Wambacq “21.4 A 42mW 230fs-jitter sub-
sampling 60GHz PLL in 40nm CMOS”2014 IEEE
International Solid-State Circuits Conference Digest of
Technical Papers (ISSCC)

[12].Helga Evangelene; Rajkumar Sarma “A novel low power hybrid
flipflop using sleepy stack inverter pair”,2014 Science and
Information Conference.

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

39|Page



