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ABSTRACT: This paper presents CMOS temperature sensor which is designed using static latch d flip-flop  at 180 nm 
CMOS technology. CMOS temperature sensor also consists a voltage level shifter, a counter, and a register that is 
designed using d flip flop. Temperature sensor occupies smaller silicon area with higher resolution than the 
conventional temperature sensor. Used VCRO has full range voltage controllability along with a wide tuning range and 
is most suitable for low-voltage operation due to its full range voltage controllability. The frequency range of VCO is 
calculated as 185 MHz to 810 MHz by its characteristic, with frequency of 93 MHz. Power dissipation of Voltage 
controlled ring oscillator at 1.8 V power is 438.91µW. Various parameters like delay and power dissipation of other 
circuits are also calculated with respect to different power supply & threshold voltages.and Result shows that speed and 
power dissipation of circuit are directly proportional to power supply voltage. Power dissipation and delay of VCRO 
based temperature sensor at 1.8V power supply is 313.91 mW and 0.108nS respectively and temperature range is from 
-175 to +165. 
 

I. INTRODUCTION 
 

 Through the scaling down of present VLSI technologies, and it makes difficult to digital circuits have been 
implemented with lower supply voltage and a clock rate that introduces more constraints to analog circuits for this 
design of minimum voltage, analog circuitry with low-power has become important that the supply voltage is limited 
because of powered by batteries,  the life moment of the battery is of great significance for the devices, factors address 
the necessities of low-power system building blocks and decrement in supply voltage restricts the signal swing in 
circuits and brings difficulties for analog circuit design. In a low-voltage environment, the transistor characteristics 
degrade and some circuit techniques can no longer be used, therfore the low-voltage is unlike from the traditional 
circuit design system. The ring Oscillator generate a clock signal which is proportional to temperature of system. The 
ring oscillator frequency-tunable is made by a current-starved inverter with four digit tunable inputs. The level shifter 
make persuaded that the number of rising edge is counted by the counter and register saves counter output at each n 
every positive edge of the external clock. The difference among two successive outputs of the register indicate the 
temperature. New type of sensors comes out when older types of sensors fail in unfavourable conditions like weather 
and temperature conditions. The strategy of implementing expert knowledge from previous technology to a framework 
of new architecture that supports smaller and smarter sensor was used. The intention is to enable sensor manufacturing 
to be more flexible and dynamically configurable. In recent years, the increase in the area of nanotechnology has 
produced interesting materials which provides more opportunity for the development of sensing transduction 
technology. Older generations of sensors are built on to produce improved performance and extension of its functional 
capabilities. The technology behind this improvement makes use of advanced calculation, algorithm and signal 
processing. Example of these includes characteristic functions, weight functions, and inferential calculation of soft 
sensors its own advanced self-adaptive method for frequency-to-digital conversion. The generation of smart sensor can 
be categorized into three generations. Block diagram of temperature sensor is given below. 
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Fig.1. Block diagram of temperature sensor 

 
II. DESIGN OF CIRCUIT 

 
1. voltage controlled oscillator (VCO: 
A voltage controlled oscillator (VCO) is one of the most important building blocks in analog and digital circuits. An 
oscillator is an electronic device used for the purpose of generating a specific frequency signal. The voltage controlled 
oscillator is the circuit block where the control voltage controls the oscillator’s output frequency so that it matches the 
reference signal frequency A ring oscillator consists of number of gain stages in a loop in which output of the last stage 
is fed back to the input of the first. The ring oscillator must satisfy the Barkhausen criteria, which says that it should 
provide a phase shift of 2π and to achieve oscillation it must have a unity gain. The voltage controlled oscillator is 
designed using self-bias ring oscillator as shown in figure 2. 

 
Fig.2. Voltage Controlled ring oscillator 

2. D Flip Flop 
In digital logic and computing, a counter is a device which stores (and sometimes displays) the numeral of times a 
particular process has occurred, often in a relationship to a clock signal. Commonly a group of flip- flops is a counter. 
The number of flip-flops used and the way in which they are connected determine the number of states and the specific 
sequence of states that the counter go through during each complete cycle.. Circuit diagram of D flip flop is shown 
below in fig 3. 
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Fig.3. Schematic Diagram of D Flip- Flop 

 
It consists 4 nand gate and 1 not gate. D and clk are its input. Clock pulse (clk) is used to control the data moving from 
input to output. 
 
3. Level Shifter 
In this temperature sensor the Voltage level shifter circuit converts low level input voltage to high level output voltage. 
Generated output voltage of a level shifter will be either less, greater than or equal to a given input voltage.Shifter use 
in the temperature sensor circuit increase the reduced voltage level of ring oscillator output to full scale n make 
persuaded that the number of its rising edge is counted in the counter. Schematic diagram of level shifter is shown in 
fig 4.  

 
Fig.4. Level Shifter 
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4. Temperature Sensor component and temperature Sensor 
 It consists of ring oscillator and a pulse counter circuit. Oscillation period (1/f) of voltage controlled ring 
counter is converted to a number of oscillations by applying  enable signal of fixed pulse width, and the 
number of oscillations is stored in the counter to produce the digital output. Additional circuitry between 
enable input and the ring oscillator is used to remove synchronization problem, and the sensor outputs are 
connected to transmission gates to avoid unnecessary toggling. The reason of synchronization problem is the 
oscillator frequency which is temperature-dependent. Schematic diagram of Temperature Sensor component is 
shown above in fig. 5. 

 
Fig.5. Temperature Sensor component 

 
A temperature sensor is a device that gathers data concerning the temperature from a source and converts it to a 
form that can be understood either by an observer or another device. Schematic diagram of Temperature Sensor is 
shown above in fig. 6. 

 
Fig.6. Temperature Sensor 



                          

                     ISSN(Online):  2320-9801 
        ISSN (Print) :  2320-9798                                                                                                                                

International Journal of Innovative Research in Computer 
and Communication Engineering 

(An ISO 3297: 2007 Certified Organization) 

    Vol. 4, Issue 7, July 2016          

Copyright to IJIRCCE                                                            DOI: 10.15680/IJIRCCE.2016. 0407121                                         14079 

     

III. RESULT AND DISCUSSION 
 

1. Ring Oscillator 
The voltage controlled oscillator is used to generate a specific frequency signal. The VCO is designed by 3-stage ring 
oscillator which gives better VCO  
 

 
Fig7. Voltage Controlled Ring Oscillator   

 

 
Fig.8. Characteristic of VCO 

 
characteristic and frequency range. The simulated waveform of VCO and the characteristic is shown above in fig 6 and 
fig 7.Power dissipation and delay of ring oscillator at different power supply voltage is shown below in table 1 when 
W/L ration of PMOS transistor is equal to 3 times of NMOS W/L ratio. 
 

Table 1. Power Dissipation & Delay of Ring  
Oscillator at different Voltage 

 

Vdd(V) Delay(nS) Frequency(MHz) Power 
dissipation(µW) 

1.8 0.108 810 313.91 
1.6 0.121 613 2260.41 
1.4 0.140 438 110.53 
1.2 0.198 230 105.27 
1.0 2.1 185 50.48 
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Here we see that by increasing power supply voltage delay of the circuit decreases while power dissipation increases as 
power dissipation of circuit is directly proportional to square of power supply voltage. 

 
2. Level Shifter 
Waveform of voltage level shifter is shown below in fig 9. When the input signal Vin is low then output will also low 
& if input signal Vin is high then the output will be high. 
 

 
Fig.9. Waveform voltage level shifter 

3. Temperature sensor 
Ring oscillator-based temperature sensors provide a  
good indication of circuit speed. Its waveform is shown below in fig 10. 
 

 
Fig.10. Waveform voltage level shifter 

 
Power dissipation & delay of temperature sensor at different threshold voltage and at different temperature is shown 
below in table 2 and table 3. 
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Table 2. Delay and Power at different VTH 
 VTH(V) Delay (10-15s) 

 
Power(µW) 

 
0.37 199.43 227.585 

0.47 200.17 161.83 
0.57 199.91 146.41 

0.67 198.57 44.22 
0.77 195.88 75.74 

 
Table3. Power, Delay and PDP at Different Temperature 

Temperature 
(ºC) 

Delay 
(nS) 

Power 
Dissipation 

(mW) 
27 5.656 70.88 
37 4.923 80.235 
47 3.357 89.56 
57 2.514 98.35 

 
IV. COCLUSION 

 
A voltage controlled ring oscillator-based C MOS temperature sensor has been designed at 180 nm C MOS TSMC 
technology in Tanner Tool 13.1. smaller silicon area occupies by the proposed temperature sensor with higher 
resolution than the conventional temperature sensor based on band gap . The characteristic of VCRO is drawn between 
its control voltage and frequency.  
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