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Abstract 

This paper is about performance comparison of Current 
Starved VCO and Source Coupled VCO for Phase Lock 
Loop. The comparison is based on 180nm CMOS technology 
and based on different measuring parameter. The design is 
being built on Tanner environment tool with a high oscillation 
frequency, low power consumption, and low area. Simulation 
results are illustrated that area and power consumption in 
Current Starved VCO verses Source Coupled VCO with wide 
frequency range. This design procedure is very efficient for 
Phase Lock Loop. 
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1. Introduction 
A CMOS voltage control oscillator (VCO) is a block 
which has been critically used in Phase Lock Loop 
(PLL), which are designed for low power consumption 
and area occupied by the PLL must be less. VCO is 
commonly associate with RF Transceiver in signal 
processing tasks like signal generation and frequency 
selection. So PLL is less accurate in RF Transceiver in 
feedback loop, whose frequency can be control with the 
help of VCO control signal. 
A VCO plays a vital role in communication system, 
providing a periodic signal required for digital circuit 
and also a frequency transmission in digital circuit. 
Their output frequency is a function of control input 
voltage. An ideal VCO is a circuit whose output 
frequency is a linear function of its control voltage.  
Most of the application as required a variable control 
input voltage as they required different frequency. 
There are two category of Voltage control oscillator 
viz. Current Starved VCO and Source coupled VCO. 
 
2. Circuit Description 

 
2.1 Current Starved VCO 

The schematic operation of current starved VCO is 
similar to Ring oscillator. Figure-1 shows the five 
stages Current Starved VCO. PMOSM1 and NMOSM2 
is an Inverter, while PMOSM13 and NMOSM14 
operate as a current source. We also say’s the inverter 
starved for current. The current in the first NMOS and 
PMOS are mirrored in each inverter/current source 
stage. PMOSM11 and NMOSM11 drain currents are 
the same and are set by the input control voltage. 

 
Figure-1: Current Starved Voltage controlled oscillator 
 
The design of Current starved VCO for five stages is 
shown in below figure-2 
 

 
Figure-2: Design implementation of Current starved 
VCO 
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The size for figure 2 is being calculated as a total 
capacitance. The total capacitance CRTR is given by 
formula, 

𝐶𝑇 =
[N × 𝐶𝑜 (𝑊𝑃𝐿𝑃 + 𝑊𝑁𝐿𝑁)]

2
 

Where, 
CRoR is oxide capacitance 
N is the number of cascade inverter 
The drain current (IRDR) is calculated as 

𝐼𝐷 = 𝑁 × 𝑉𝐷𝐷 × 𝐶𝑇 × 𝐹 
The oscillation frequency is given by, 

𝐹 =
1

𝑁 × 𝑇𝐷
 

Where, TRDR is delay time. 
 

2.2 Source Coupled VCO 
 
The operation of the CMOS source coupled VCO in 
figure-3. The Load MOSFETs M3 and M4 help to pull 
the output. The MOSFETs M5 and M6 behave as 
constant-current source sinking a current Id. MOSFETs 
M1 and M2 act as switches. MOSFET M1 is OFF and 
M2 is ON switch, because the voltage of terminal Out1 
is larger than voltage of terminal Out. Therefore current 
through MOSFET M2 is two times Id and the capacitor 
will be charged by Id current, because of constant 
current source M6 sinking current Id. When the voltage 
plate-1 and plate-2 of capacitor terminal is same then 
capacitor say’s fully charged. The current Id through 
Capacitor causes plate-1 to discharge down through 
ground. When plate-1 of capacitor is get down, M1 turn 
ON and M2 turns OFF. 

 
Figure-3 Schematic of Source coupled VCO 

 
 
Figure-4 shows the designed single stage Source 
Coupled VCO. 
 
The voltage at plate-1 changed before switching take 
place the time it takes plate-1 to changes 2Vth is given 
by 
 

∆𝑡 =
𝐶 × 2𝑉𝑡ℎ

𝐼𝑑
 

 
Since the circuit is symmetrical two of these discharge 
time are needed for each cycle of oscillator the 
frequency of oscillations is given by 
 

𝐹𝑜𝑠𝑐 =
1

2 ∆𝑡
 

 
3. Simulation Results 
 
Simulation of Current starved VCO When the output of 
charge pump is applied to VCO as a control signal the 
respective output waveform is as shown in figure-3. It 
seen that the 1.683 GHz output frequency is generated 
for 1.0 V control voltage. 

  

Figure-5: Output waveform of Current Starved VCO 
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The output waveform of current starved VCO for 
control voltage 1.0V generates an output frequency of 
1.683 GHz as shown in figure-3. The simulation results 
for Average power consumption for figure-2 is 
calculate in Tanner T-Spice is 2.1288e-004 Watt. When 
the control voltage is varying continuously form 0.5V 
to 1.0V the oscillation frequency is varying from 342.4 
MHz to 1.683 GHz respectively as shown in table 1. 

Table 1: Control voltage Verses output frequency. 
 

Sr. 
No. 

Control Voltage 
(Volt) 

Output 
Frequency 

(Hz) 
1. 0.5 342.421 MHz 
2. 0.6 675.675 MHz 
3. 0.7 1.244 GHz 
4. 0.8 1.532 GHz 
5. 0.9 1.638 GHz 
6. 1.0 1.683 GHz 

  
The Control voltage verses output frequency graph 
shown in figure-5. 
 

Figure 5: Graphical representation of Control voltage 
verses output frequency  

 
 
Figure-6: Output Waveforms of Source Coupled VCO 

 

When we applied control voltage 1.4V to 1.8V variable, 
the Oscillation frequency of the designed source 
coupled VCO ranges from 307.69 MHz to 425.53 MHz, 
When we apply control voltage below 1.4V source 
coupled VCO generates non-linear oscillations. Table II 
gives the characteristics of the source coupled VCO i.e. 
control voltage (V) Verses frequency (MHz). 
 
Table II: Control Voltage verses Frequency 

 
 

  
Figure-7 Frequency (MHz) Verses Control Voltage 

(Volt) 
 
4. Performance Comparison 

In this section, we predict major performances of both 
VCO’s such as input tuning range, range of oscillation 
frequency, and area and power consumption on 
qualitative discussion by an analytical approach. Table 
III shows the performance comparison of both current 
starved VCO and source coupled VCO. We use the 
minimum channel length and width of the device. Thus 
it can be seen that through both VCO’s we can achieve 
minimum area with wide tuning frequency range for 
PLL. Also the power consumption in Current Starved 
VCO is reduced as compared to Source Coupled VCO. 
 
 
 
 
 
 

0
0.5

1
1.5

2

0.5 0.6 0.7 0.8 0.9 1

Fr
eq

ue
nc

y 
in

 G
H

z 

Control Voltage 
in Volt 

Control voltage verses output 
frequency  

Voltage(Volt) Frequency(MHz) 
1.4 307.69 
1.5 318.47 
1.6 330.03 
1.7 347.22 
1.8 425.53 

447 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 7, July 2015. 

www.ijiset.com 

ISSN 2348 – 7968 

 

Table III Measurement Performance 

Parameters Current 
Starved VCO 
 

Coupled VCO 
 

Technology 0.18μm 0.18μm 
I/P Tuning 
Range 0.5 - 1.0 volt 1.4-1.8V 

Range of 
Oscillation 
Frequency 

342.421MHz 
to 1.683 GHz 

307.69 MHz to 
427.35 MHz 

Area 3.8232 μmP

2 75.9μmP

2 
Power 
Consumption 

2.1288e-004 
Watt 6.69mW 

 

5.  CONCLUSION 
 
This paper differ the performance parameters of two 
VCO’s for PLLs, a current starved VCO and a source 
coupled VCO with the schematic design 
experimentation and with the qualitative evaluation. 
Our measurement results show that in chip area, power 
consumption and tunable frequency range, a RC based 
Current starved VCO is superior to a Source Coupled 
VCO. Also the relative performance difference between 
ring VCO and LC VCO will be almost constant in the 
future. Power consumption and chip area of both PLLs 
will decrease proportional to the technology node. 
However, noise characteristics will get worse inversely 
proportional to the technology node. The techniques 
proposed in this paper can also be applied to other low 
voltage analog and RF circuits to improve their 
performance. 
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