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Abstract: This paper is presented 10 GHz voltage controlled ring oscillator for high speed application. 
The voltage controlled ring oscillator was designed and fabricated in 0.13μm CMOS technology. The 
oscillator is 7-stages ring oscillator with one inverter replaced by NAND-gate for shutting down in the 
ring oscillator during idle mode.. We also used of several techniques such as transistor sizing to 
improve performance of ring oscillator in PLL. In this context, we designed and optimized layout of 
ring oscillator as small as possible by L-EDIT software. The predicated performance is verified by 
analyses and simulation using H-spice and L-EDIT tools. This ring oscillator is optimized to compare 
with earlier design. 
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INTRODUCTION 

 
 In recent years on account of progress in the wireless communication world,radio frequency integrated 
circuits (RFICs) have drawn significant attention. One of the basic, building blocks in analog and digital circuits 
which play very important role in PLL function is Voltage controlled oscillator (VCO). in a lot of electronics 
systems such a PLL, frequency synthesizer,  telecommunication systems and transceivers, oscillator or Voltage 
controlled oscillator, is a principal block. 
 In the recent years The design of high performance VCO drawn significant attention of research and has 
been one of the active area of development. 
 To accomplish desire specifications of applications, it is necessary the VCO be designed to have high 
speed, low phase noise, low power consumption with Small chip area. 
 Recently, the most VCO circuit that frequently used, which fabricated in CMOS process is ring oscillators 
(with relaxation circuit) and tuned LC oscillators. 
 

 
 
Fig. 1: Architecture diagram of PLL. 
 
 Although LC oscillators present better frequency perform in phase noise subdue, it also have many 
disadvantages, for example wide layout area, use of inductor with high quality factor(Q) in a standard CMOS 
process almost limited by parasitic effects and require nonstandard process steps. In addition to reach a narrow 
tuning range complexity of the design and its price will be increases . 
 The tuning range of the LC oscillator is generally low (10 ~ 20) %and introduces problems of teddy current. 
 Now a days to achieve less area than LC counterparts we prefer to use of Ring Oscillators. All voltage 
controlled ring oscillator comparing with LC VCO is preferable because has poor phase noise performance. 
Also the tuning range of ring VCO is much larger than of the LC VCO counterparts. To overcome the process 
variation the wide tuning range of the VCO is beneficial for the PLL. 
 Furthermore in CMOS process, it is cushy to integrate with other blocks. As a final word, low voltage low 
power ring VCO is widely used in different PLL systems [1], [2]. 
 In addition to improve the performance of the ring oscillator in PLL, various techniques such as transistor 
sizing, have been experimented. The PLL, as shown in Figure 1, consists of a Low Pass filter(LPF), a Phase 
Detector (PD), a Voltage Controlled Oscillator (VCO) and a frequency divider. 
 The VCO that proposed in this article use of differential topology that contain of seven stage voltage 
controlled ring oscillator which have low power consumption and high speed. 
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 In section II the analysis of the delay cell architecture which used in VCRO is explained. In Section III 
present the detail of the proposed delay cell circuits and ring VCO. In section IV the results are and finally,the 
section V issue the conclusions. 
 
II. Vcro Architecture: 
 The differential voltage controlled ring oscillator can gain regularities in the supply voltage also the output 
voltage swing of oscillator depends on the supply voltage and it is very much immune to noises than its 
conventional single ended counterpart, but has lower frequency range. 
 Therefore, it is serious problem to achieve higher operating frequency range, because it is necessary to 
reduce the delay of each cell and achieve wide tuning range with maintaining a good phase noise performance 
and low power consumption. The block diagram of a P-stage differential VCO structure is shown in figure (2). 
 

 
Fig. 2: P-stage differential Ring Oscillator. 
 
 To satisfy different applications of a differential ring oscillator, there is permanently a demand for 
quadrature output, high speed, low phase noise and low power consumption. 
 Various architectures have been proposed by different authors. The delay cell which proposed in [3] has 
limited tuning range as Vgs of PMOS load is tuned frequency. Delay cell explained in [4] supply better tuning 
range but its phase noise performance and power consumption is not very acceptable. We have to try to make a 
good trade-off between phase noise and power consumption. 
 In the architectures all delay stages are identical, the number of stages and relationship between the delays 
of each stage able to set the period of the signal which is generated [5]. The frequency of oscillation for these 
oscillators is usually evaluated by: 
 

1
2osc

delay

F
NT

=  

 
where N presents the number of stages consist of the oscillator and Tdelay is the delay introduced by each 
differential stage. 
For the evaluation of the Tdelay Maneatis delay cell [6]. 
 
Tdelay =RtotCtot 
 
where Ctot, express the total buffer output capacitance, and Rtot represent the total resistance of the symmetric 
load. 
 
III. Proposed Voltage Controlled Oscillator: 
 In this paper a seven stage voltage controlled ring oscillator is proposed for operate in high frequency. The 
propose delay cell illustrated in figure.3. the first to apparent proposed delay cell consider the output voltage of 
two amplifier. As illustrated in fig.4, the two voltage Vout1, Vout2, can be summed and producing 
 

 
 
In the proposed cell M1-M4 are identical and so M5 and M6. 
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Fig. 3: Delay cell. 
 
 To vary the gain of each differential pair through its tail current, thereby applying the control voltage to the 
bottom pair and the input signal to the top pair. M5 and M6 Convert input voltage to current and rout current 
through M1-M4 to the input nodes. 
 

 
 
Fig. 4: Summation of the output voltage of two amplifiers. 
 
 In addition, some parameters such as speed, distortion, voltage supply, linearity, input offset and overdrive 
recovery may be important. 
 In practice, most of these parameters trade-off with each other, making the design a multi-dimensional 
optimization problem [7]. As illustrated in Fig.5, such trade-off cause serious challenges in the design of high 
speed VCO, which need knowledge and experience to achieve at an acceptable compromise. 
 Figure.6 has shown the waveform of differential output with 1.2 V control voltage. Frome this waveform 
oscillation frequency of delay cell is 10GHZ.in Table I show the characteristic of proposed delay cell. 

 
IV. Simulation Results: 
A. Output Frequency: 
 H-spice and L-EDIT tools are used to simulate the proposed VCO. The oscillator is designed on 10 GHz 
output frequency as illustrated in Figure 7. This proposed voltage control ring oscillator (VCO) is designed and 
simulated in SMCT 0.13μm RF CMOS process. The power supply of the VCO is 0.2 V. To improvement the 
proposed ring VCO, Vdsat (the over-driven voltage) of the NMOS transistors should be selected very low. In our 
proposed VCO design, 60 mV Vdsat of NMOS transistors is used. 
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Fig. 5: Relationship between ocsillator design parameters. 
 

 
Fig. 6: Shown The waveform of delay cell. 
 
Table I: Delay cell performance. 

 
 
B. Comparison with Other Publication: 
 The comparative results between our design and the latest publication are presented in Table II. 
 From the table, this design has advantages in terms of power consumption, occupied area and output 
frequency. 
 
C. Circuit Layout: 
 The layout size is optimal as aspect of the design is optimal compare with the latest publication, as shown in 
Table II. 
 Actually, the layout is designed with L-EDIT and extracted to the H-spice file. The results of the H-spice 
file are as same as the original design, and found to be very accurate. 
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Fig. 7: Output frequency is designed on 10 GHz. 
 
Table II: Performance comparison. 

 
 

 
 
Fig. 8: The ring oscillator’s layout (half). 
 
V .Conclusion: 
 This work illustrates a high speed performance and low power consumption 10 GHz voltage controlled ring 
oscillator. The proposed oscillator is important part of PLL. To be changed ring oscillator to idle mode the first 
inverter is replaced by a NAND-gate a five-state inverter is applied to determine the desired oscillation 
frequency. On the other hand, the layout of the ring oscillator is designed and fabricated using 0.13 m CMOS 
technology. to make the oscillator as small as possible and The design and layout become optimization using the 
L-EDIT® software .to analysis and simulation using H-spice to verify the predicted performance, demonstrate 
the advantages of the design, which include low power consumption, high speed performance and using L-EDIT 
tools to reach small area on chip. 
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