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Abstract

This work  describes  the implementation of DC to DC converter  for Smart Dust  in 65 nm 

CMOS technology. The purpose of a  DC to DC converter is to convert a battery voltage of 1 V 

to a lower voltage of 0.5 V used by the processor. The topology used in this DC to DC converter 

is of Buck type which converts a higher voltage to lower voltage with the advantage of giving 

high efficiency about 75%. The system uses PWM (Pulse width modulation) technique. It uses 

non-overlapping clock generation technique for reducing the power consumption. The system 

provides up to 5 mA  load current and has power consumption of 2.5 mW.
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Chapter 1

1.  Introduction

     1.1 Background

A power supply is present in every electronic equipment whether it is portable or not. It is an 

electronic  device  that  gives  energy to  all  electrical  and electronic  loads.  A regulated  power 

supply is a  device that maintains the output voltage to be in a desired range regardless of the line 

and the load variations. Each supply obtain the energy from any energy source either from e.g. 

the utility ac (alternating current) source or from any battery or from solar cell.

   There are two types of regulators in power supplies, one is based on a linear power supply 

known as linear regulator and the other is a switching power supply. In the case of linear voltage 

regulator, the resistance of the regulator varies according to the load and as a result maintains the 

constant output voltage. The disadvantage of the linear voltage regulator is that it uses a resistor 

for dropping the voltage that results  in dissipation of heat and hence power consumption. A 

simple zener diode based voltage regulator is given below in figure 1.



On the other hand the switch mode power supply is an electronic device that uses the switching 

technique to maintain the output voltage with higher efficiency than the linear voltage regulator. 

In the case of a switching power supply,  the power consumption is very low. The switching 

power supply has better line and load regulation. It is small in size and light in weight but it is 

more complex than linear regulators.

   In this work, my task is to design a switching power supply. In the switching power supply, we 

control the output voltage by the pulse width modulation technique. The circuit diagram of the 

step up/down switching power supply is shown in the figure 2 below. Transistors Q1 and Q2 are 

two switches. When Q1 is on, at the same time Q2 is in off state and vice versa. When Q1 is on 

the diode D1 is reversed biased and is in off state and diode D2 is  forward biased and is in the 

on state. Inductor L stores the energy and transfers it to the capacitor C0. The LC components 

makes the low pass filter. The bigger the capacitor size, the smaller the output voltage ripple 

level. The bigger the size of the inductor, the larger currents flows through the inductor making 

the output current with less ripple.

1

Figure 1: Linear voltage regulator



     1.2 DC to DC converter

DC to DC converter is an electronic device that converts DC (direct current) voltage to a DC 

voltage depending upon the requirement, i.e. either it is step up or step down power converter. 

The main requirements of DC to DC converter are listed below.

1. High efficiency

2. Constant output voltage

3. Good line regulation

4. Good load regulation

5. Fast response time when the input voltage or load changes

6. Low power consumption

7. Small area

Modern DC to DC converters are built on chip and full fill all the above mentioned requirements. 

There are two types of DC to DC converters.

2

Figure 2: Step up/down switching power supply [10]



1. Series regulators

2. Switching regulators

     1.2.1 Linear regulators

There are two types of linear regulators, series and shunt linear regulators.

             1. Series linear regulators

In the series voltage regulator, the transistor is placed in series with the load and all the load 

current passes in to the transistor. The transistor is acting as a variable resistor. As the load 

changes the voltage applied to the transistor changes and the resistance of the transistor also 

changes in proportionality.

     2. Shunt linear regulators

In the case of shunt regulators, the transistor is placed in parallel to the load. A zener diode and 

the resistor is used to bias the transistor. These two components form a voltage divider circuit 

used to bias the transistor. Another series resistor is also used with the load. When the current in 

the load changes, this current also flows through the resistor and results in a voltage drop across 

the resistor. This causes a change in the biasing of the transistor to result in a change in the 

output voltage.

3

Figure 3: Series voltage regulator



     1.2.2 Switching regulators

There are two types of switching regulators.

    1. PWM regulators

Pulse width modulation (PWM) regulators uses switching technique to maintain the DC output 

voltage constant. The longer the switch is on, the higher power is dissipated. In PWM regulators 

the width of the pulse is varied as the load current changes. 

    2. PFM regulators

In pulse frequency modulation technique (PFM), the frequency of the pulse train changes but the 

width remains constant. In the figure 5, ‘x’ is the analog waveform and ‘Pulse frequency’ is the 

corresponding change of the frequency according to the analog waveform changes.

4

Figure 4: Shunt voltage regulator



     1.3 Buck converter
A buck converter is a DC to DC converter that steps down the input battery voltage to a lower 

voltage used by the device. It uses one transistor and a diode as a switches. The buck converter 

consists of a one inductor, a transistor and a diode. At the first instance, a transistor is on and the 

diode is reversed bias (off-state), energy is stored in the inductor and at the other instance the 

transistor is off and the diode is forward bias (on-state). At that time, the energy is transferred to 

the load.

5

Figure 5: PFM modulation [4]

Figure 6: Buck converter



There are two modes of operation of the buck converter.

1. Continuous mode of operation

2. Discontinuous mode of operation

     1.3.1 Continuous mode

In the continuous mode of operation, the inductor current never falls to zero. When the switch is 

closed as shown in the figure 7, the current in the inductor rises linearly. The diode is off as it is 

in reversed biased condition and the voltage across the inductor is given as

V L=V i−V o .

  When the switch is open, the diode is forward bias and the stored energy in the inductor is 

dissipated in to the load and the current starts decreasing but before the inductor current goes to 

zero, the switch is again on and starts storing the energy in the inductor. The voltage across the 

inductor is given below.

V L=−V o .

6

Figure 7: Circuit configurations of buck converter [5]



The resultant waveforms are given below in figure 8.

The figure 8 shows the waveforms of the circuit configurations of the buck converter shown in 

the above figure 7. In the figure 8, the ‘SWITCH STATE’ shows the on and off states of the 

transistor implemented as a switch. In the ‘VOLTAGE’ waveform , ‘V0’ is the output voltage 

across the load. ‘Vi’ is the input supply voltage or battery voltage and ‘VL’ is the voltage across 

the inductor. In the ‘CURRENT’ waveform, ‘IL’ is the current through the inductor, ‘Iavg’ is the 

average current through the load.

The energy stored in the inductor is

E=
1
2

LI2 .

The voltage across the inductor is given by 

V L=
LdI
dt

.

During the on state, the voltage across the inductor is

V L=V i−V o .

During the off state, the voltage across the inductor is given by

V L=−V o.

The increase in the current during the on state is given by

7

Figure 8: Waveforms of DC to DC converter in continuous mode



 I on=∫
0

t on


V L

L
dt.

 Ion=
V i−V o

L
ton ,t on=DT.

Similarly, the current will decrease during the off state

 Ioff=∫
t on

toff


V L

L
dt.

 Ioff=
−V o

L
t off , t off=1−DT.

Assuming the buck converter is operating in the steady state, the energy stored at the start of the 

commutation cycle is the same as at the end of the commutation cycle. The current will be the 

same at both t=0 and at t=T.

So from the above equations, we get

V i−V o

L
t on−

V o

L
toff=0.

As from the figure 8, it can be seen that ton=DT and toff=(1-DT)T, D is the duty cycle and it is 

between 0 and 1.

V i−V oDT−V o1−D T=0.

V o−D V i=0.

D=
V o

V i

.

As seen in the above equation that D must be less than 1. So that is why V0 less than or equal to 

Vi. This is known as a step down converter.

8



     1.3.2 Discontinuous mode

In the discontinuous mode of operation the inductor current falls to zero in the off state and in the 

on state it will again start storing the energy. This mode of operation is used when the amount of 

energy required by the load is small. The whole phenomenon is shown from the following figure 

9.

As  seen  in  the  figure  9,  the  current  through  the  inductor  decreases  to  zero  before  it  starts 

increasing in the next cycle,  but the current through the load and voltage across the load is 

constant. In the figure 9, the ‘SWITCH STATE’ shows the on and off states of the transistor. In 

the ‘VOLTAGE’ waveform , ‘V0’ is the output voltage across the load. ‘Vi’ is the input supply 

voltage  or  battery  voltage  and  ‘VL’  is  the  voltage  across  the  inductor.  In  the  ‘CURRENT’ 

waveform, ‘iL’ is the current through the inductor, ‘Imax’ is the maximum current through the 

load.

9

Figure 9: Waveforms of DC to DC converter in discontinuous mode



Chapter 2

2.  System components and modules

     2.1 DC to DC buck converter top level
The schematic of top level DC to DC converter is presented below in the figure 10.

  In  this  DC  to  DC  buck  converter,  PWM topology  is  used.  PWM  topology  gives  higher 

efficiency at greater load currents. PWM output must be inverted before applying to the power 

switches. Non overlapping clock signal generation circuit is used to reduce power consumption. 

It provides the delay between the pulses applied to the power switches. Buffers are used to drive 

the power switches. The off chip low pass LC filter is used to smooth out the ripples. Reference 

circuit is used to provide the 500 mV reference voltage to the compensated error amplifier. The 

sawtooth oscillator switched on or off by using the inverter. During the sleep mode, the oscillator 

is in off state hence reducing the power consumption.

     2.2 Operational amplifier
Operational  amplifier  or op-amp is  a  high  gain  voltage  amplifier  with differential  input  and 

single ended output. It has two inputs, one is the inverting input and the other is the non inverting 

input. It has one output. The op-amp consists of a differential amplifier. The op-amp which I 

10

Figure 10: DC to DC converter system level



have implemented is given in figure 11. The configuration used is a voltage follower where its 

output voltage is equal to the input voltage. The output follows the input.

 

11

Figure 11: Op-amp in a voltage follower configuration



The schematic of the op-amp is given below in figure 12. This op-amp uses three vcvs (voltage 

controlled voltage sources) used as input and output buffers.

 

The design variables of the op-amp are mentioned below.

CL = 3 pF

C = 5 uF

R = 100 kΩ

ac_mag =  2

ac_phase = 0

Fre = 1 MHz

Ibias = 3 mA

offsetvol = 0 V

phipos = 0 

vdc = 0 V

vdd = 1 V

vss= 0 V

12

Figure 12: Schematic of the op-amp



Where ‘CL ’  is the load capacitance, ‘C’ and ‘R’ is the feedback capacitance and resistance 

respectively, ‘ac_mag’, ‘ac_phase’, ‘Fre’, ‘offsetvol’ are the magnitude, phase, frequency, DC 

offset voltage respectively.

      2.2.1 Op-amp as a comparator

A comparator  is  an  electronic  device  that  compares  two  voltages  and  generates  the  output 

depending upon which voltage is greater. The comparator has two inputs. One is inverting input 

and the other is non-inverting input. In the below figure 13, the op-amp is used as a comparator. 

The sawtooth is applied to the non-inverting input and a constant dc is applied to the inverting 

input of a comparator. The voltage supply bias is used to bias the transistors in the op-amp used 

as a current sources. 

  The comparator output has the following output rules

• When inP is greater than the inN, the output is high.

• When inN is greater than the inP, the output is low.

13



  The schematic of op-amp2 which is used in the compensated error amplifier is presented below 

in the figure 14. This op-amp has peak to peak output swing is 500 mV. The op-amp has a 

differential stage at the input and a single ended output stage as shown in the figure 14. The 

capacitor is used for making the amplifier linear.

14

Figure 13: Op-amp as a comparator



15

Figure 14: Schematic of the op-amp2



     2.3 Logic gates

      2.3.1 Buffer

Buffers are used  both at the input and at the output of any logic circuit to boost up the current. It 
simply consists of two inverters that are cascaded. The symbol implemented for buffer is shown 
in the figure 15.

The schematic of the buffer is given below in figure 16. It consists of two cascaded inverters 

consisting of a PMOS and NMOS transistor.

16

Figure 15: Test bench of the buffer



      2.3.2 AND gate

The AND gate is a logical electronic device that has at least two inputs and one output. If both 

the inputs are high, the output is high. If any of the input is low then output is low [6]. The 

NAND gate is made and at the output of the NAND gate, an inverter is cascaded to make it to be 

AND gate. The schematic of the AND gate is given below in the figure 17.

17

Figure 16: Schematic of the buffer

Figure 17: Schematic of the AND gate



      2.3.3 OR gate

The OR gate is a digital electronic device that has also at least two inputs and one output. The 

function of the OR gate is that the output is high if both of the inputs are high or one of the input 

is high and the other is low, and the output is low if both the inputs are low [6]. The NOR gate is 

made and at the output of the NOR gate, an inverter is cascaded to make it to be OR gate. The 

schematic of the OR gate is shown in the figure 18.

18

Figure 18: Schematic of the OR gate



     2.4 Non overlapping clock generation circuit

The non overlapping clock generation module uses the OR, AND gates and some buffers to 

generate  the  2-phase  clock  signal  from  a  single  input  clock.  These  two  clocks  are  non 

overlapping. The non-overlapping clock is used to avoid both NMOS and PMOS transistors to 

on at the same time. It is used for reducing the power consumption [7].

 

19

Figure 19: Non overlapping clock signal generation



     2.5 Power switches

The power switches use two transistors, one is NMOS and the other is PMOS. The purpose of 

the power switch is to switch between vdd and  vss  (ground). When PMOS is on in the power 

switch, the inductor stores the energy and when NMOS is on, the inductor discharges the stored 

energy to the load. The schematic of the power switches is given below in figure 20.

20

Figure 20: Schematic of the power switches



     2.6 Oscillator

       2.6.1 R-S Flip Flop

The flip flop used here consists of two cross coupled  NOR gates. These two NOR gates are 

making a latch. It is a simple memory element. The inputs R and S are referred to the Set and 

Reset inputs [9].

  In order to understand the operation of R-S flip flop, consider the following scenarios.

S=1 & R=0:

Q=1 and the Q`=0,  the flip flop is in set state [9].

S=0 & R=1:

The outputs Q=0 and the Q`=0, the flip flop is in the reset state [9].

S=0 & R=0:

When both the inputs are active low then the flip flop hold its previous state [9].

S=1 & R=1:

This combination must be avoided [9].

The outputs according to the applied inputs are given below in the table 8.1.
 

                     Table 1: Inputs and outputs of RS flip flop

R S Q Q` Comments

0 0 Q Q` Hold state

0 1 1 0 Set

1 0 0 1 Reset

1 1 - - Avoid

                

21



The circuit diagram of the R-S flip flop is given below in the figure 21. It uses two cross coupled 

NOR gates.

22

Figure 21: Schematic of the RS flip flop



       2.6.2 Sawtooth oscillator

The sawtooth oscillator is a main component which provides a sawtooth wave to one of the 

input of the PWM comparator. It  uses the switching mechanism to charge and discharge the 

capacitor in order to make the output waveform sawtooth. It has two current sources, one is to 

charge the capacitor and other is to discharge the capacitor. The discharging current is higher 

than the charging current.

  The circuit diagram of the sawtooth oscillator is shown in the figure 22. It uses two op-amps 

and are used as a comparators to toggle the output capacitor between charging and discharging 

depending upon the upper and lower reference level set by the voltage reference block. The 

charge and discharge switch consists of the PMOS and NMOS transistors used to connect the 

capacitor to either vdd or vss depending upon the comparators outputs.

23

Figure 22: Sawtooth oscillator



The schematic of the  operational amplifier used in the sawtooth oscillator is shown in the figure 

23. There are two stages in this op-amp, one is the differential amplifier input stage and other is 

the single ended output stage.

24

Figure 23: Schematic of the op-amp used in the sawtooth oscillator



       2.6.3 Voltage reference circuit

The voltage divider circuit is used to generate two voltage references. It uses two resistors to 

generate two different voltage levels. The circuit diagram is given in the figure 24 below. The 

bias voltage is bias = 400 mV and the supply voltages are vdd = 1 V and vss = 0 V.

25

Figure 24: Schematic of the voltage reference circuit



       2.6.4 Charging discharging switch

The charging and discharging switch is actually two current sources, one is the charging current 

source and other is the discharging current source. The transistor level implementation of the 

charging and discharging switch is shown in the figure 25.

Due to  the  loading effects  the  conventional  charging and discharging current  sources  based 

oscillator is rejected, I select the ring oscillator for implementation of the sawtooth oscillator.

   The ring oscillator architecture is simple and easy to construct. It has no loading effect. Its 

output is simply a square waveform but using the capacitor at the output of the ring oscillator 

achieves the sawtooth waveform. The frequency of the ring oscillator is given by

 f =
1

2N T pinv
.

26

Figure 25: Schematic of the charging and discharging circuit



The schematic of the sawtooth oscillator using ring oscillator is given below in figure 26.

     2.7 Compensated error amplifier
The feedback loop allows the regulator to adjust to the load perturbations or changes in the input 

voltage which will affect the output. Proper compensation is used to stable the system. In most of 

the cases Type II or Type III compensation network is used to achieve the stability. The ideal 

bode plot of the compensation system will  have gain rolls of at  the slope of -20dB/dec and 

crossing the 0 dB at the required bandwidth and have phase margin greater than 45 degree [11].

   In this project,  I used the Type III compensation for stability of the regulator. The equations 

for designing the compensation network is given below.

  R1 is usually between 2 kΩ to 5 kΩ.

R2=
DBW
FLC

Vosc 
V i

R1.

C2=
1

 R2 F LC 
.

C1=
C 2

2 R2 C 2 F ESR−1
.

27

Figure 26: Schematic of the sawtooth oscillator



R3=
R1


F SW

2
F LC−1

.

C3=
1

 R3 F SW 
.

The schematic of the Type III compensation network is given in the figure 27.

The design variables of the Type III compensation network are given below.

  RA = 4.12 kΩ

  RB = 150 Ω

  RC = 20.5 kΩ

  CA = 6.8 nF

  CB = 2.7 nF

  CC = 0.22 nF

  DBW =  90 kHz

  Delta Vosc = 300 mV

  Vi = 1 V

28

Figure 27: Type III compensated error amplifier



  Vout = 0.5 V

  Fsw= 300 kHz

Where ‘RA’, ‘RB’, ‘RC’, ‘CA’, ‘CB’, ‘CC’ are the resistors and capacitors of the compensated 

error amplifier respectively. ‘DBW’ is the desired bandwidth, ‘Delta Vosc’  is the peak to peak 

oscillator voltage, ‘Vi’ is the input battery voltage, ‘Vout’ is the output voltage and ‘ Fsw’ is the 

switching frequency.

     2.8 Off chip LC filter

The off chip LC filter is a low pass output filter that provides two poles to the system. The output 

filter consists of the inductor and the capacitor. Inductor is used to remove the ripples in the 

current and capacitor is used to stabilizes the output voltage. It is implemented outside the chip. 

The  resonant  frequency of  the  LC low pass  filter  is  less  than  the  switching frequency.  The 

schematic of the off chip low pass  LC filter is given below in figure 28.

  The inductor has a DC equivalent resistance (DCR) and the capacitor has a equivalent series 

resistance (ESR)  provides the damping of the resonant circuit [11].

The transfer function of the off chip LC filter is

GAINFILTER=
1sESRCout 

1s ESRDCRCouts2 LoutCout 
.
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Figure 28: Schematic of the off chip LC filter



From the above transfer function, the single zero is the function of the output capacitance and the 

ESR.

The design variables of the LC filter are presented below.

 Cout = 990 uF

 ESR = 5 mΩ

 DBW = 90 kHz 

 Lout = 900 nH

DCR = 3 mΩ.

Where ‘Cout ’ is the output off chip capacitance, ‘ESR’ is the equivalent series resistance of the 

capacitor, ‘Lout’ is the output off chip inductance, ‘DCR’ is the DC equivalent resistance of the 

inductor and ‘DBW’ is the desired bandwidth.

30



Chapter 3

3.  System simulation and results

     3.1 Simulation results

      3.1.1 Simulation results of  DC to DC converter

The simulation results of DC to DC converter top level is presented below in figure 29.

  More the switching takes place, the higher the power consumption will be. During the start-up 

of the oscillator, the switching speed is greater and this will leads to more power consumption. 

The output voltage at the load is 497 mV. The output from the PWM module must be inverted 

before applying to  the power switches.  The behaviour of the compensated error amplifier  is 

opposite  to  the  output  voltage.  If  the  output  voltage  starts  decreasing,  the  error  amplifier 

generates an output error voltage that will cancel the effect of decreasing the output voltage. In 

the figure 29, the ‘sawtooth’ stands for sawtooth oscillator output, ‘compout’ is the comparator 

output waveform or PWM waveform, ‘nonovern’ and  ‘nonoverp’ waveforms are the two non-

overlapping clocks outputs, ‘powerswitchout’ is the waveform taken at the output of the power 
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Figure 29: Simulation results of DC to DC converter



switches, ‘compensatedout’ node is taken at the output of the compensated error amplifier, ‘vref’ 

is the reference voltage which is equal to the desired output voltage and ‘vout’ is the output 

voltage of the DC to DC converter.

      3.1.2 Power consumption

Case1: When the oscillator is enabled and the load resistor RL =700 Ω, the power consumption 
of the DC to DC converter is calculated as

The voltage and the current at the load side are given below.

Vout = 479 mV.

Iout = 684 uA.

The total current consumed by the system is

Itotal = 915.19 uA.

The current taken by the oscillator when it is on is calculated as

Ioscillator on = 76.46 uA.

The current taken by the power switches is

Ipower switches =6.56 nA.

The current taken by the operational amplifier used as a comparator is measured as

Iop-amp = 71.88 uA.

The current taken by the reference generator is

Iref-gen = 500 uA.

The current taken by the compensated amplifier is

Icompensated amp = 240 uA.

The power consumption at the load when the oscillator is enabled is presented below.

Power consumption = 0.3 mW.

The total power consumption of the system when the oscillator is enabled is presented below.

Total Power Consumption = 0.9 mW.

32



Case2: When the oscillator is disabled and the load resistor RL =700 Ω, the power consumption 

of the DC to DC converter is calculated as

The voltage and the current at the load side are given below.

Vout = 2.40 uV.

Iout = 3.44 nA.

The power consumption at the load when the oscillator is disabled is presented below.

Power consumption = 8.256 fW.

The current taken by the oscillator when it is off is

Ioscillator off = 7.73 fA.

The current taken by the power switches is

Ipower switches =18.52 nA.

The total current consumed by the system is

I total= 121.85 nA.

The current taken by the operational amplifier used as a comparator is

Iop-amp =200.30 uA.

The current taken by the reference generator is measured as

Iref-gen = 372.50 pA.

The current taken by the compensated amplifier is

Icompensated amp= 100.12 uA.

The total power consumption of the system when the oscillator is disabled is presented below.

Total Power Consumption = 60.925 nW.
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      3.1.3 Efficiency

The  efficiency of  DC to  DC  converter  reduces  at  very  low loads  at  100  Ω or  lower.  The 

efficiency of DC to DC converter is given by

=
Pload

PloadPbuck 
100.

Pload=0.3mW.

Pbuck=0.9 mW.

=75.

Where ‘Pload’ is the power at the output load, ‘Pbuck’ is the total power of the DC to DC buck 

converter and ‘η’ is the efficiency of the DC to DC converter. 

       3.1.4 Line regulation

Line Regulation is the ability of the power supply to maintain the output voltage given changes 

in the input line voltage. It is defined as ratio of the change in the output voltage relative to the 

change in the input voltage expressed as percentage [12]. The line regulation must be less than 

0.01%.

  The formula for calculating the line regulation is

                                                       Line Regulation=
V out 

V i
100.

Where ‘∆Vout’  is the change in the output voltage  and ‘∆Vi’  is the change in the input line 

voltage.
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      3.1.5 Load regulation

Load regulation is defined as the how much changes in the output voltage results in changing of 

the load, keeping the input voltage and the temperature is constant [13]. The load regulation 

must be less than 0.01%.

(V out ( full load )−V out(min load ))

(V out (normal load ))
100 .

where

Full load = Maximum current

Min load = Minimum current

Normal Load = Half of the maximum current
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Chapter 4

4.  Summary

     4.1 Conclusion

The size of the off chip LC filter components depends upon the switching frequency and the load 

current. In order to reduce the sizes of these components, we have to increase the switching 

frequency  proportionally  so  that  these  components  are  to  be  integrated  on  a  chip.  PWM 

technique is used to  increase the efficiency for the higher load currents but with lower load 

currents, the efficiency reduces with this technique. 

  The power switches contributes the major part in the overall system power consumption. In 

order to reduce the power consumption of the power switches, a non overlapping clock signal 

generation technique is used. In this technique, the PMOS and the NMOS switch never be on at 

the same time, avoiding short circuiting the power rails and as a result decreasing the power 

consumption. The system provides 0.5 mV output load voltage, 5 mA load current and has a total 

power consumption is 2.5 mW. The implemented DC to DC converter has higher efficiency near 

about 75% over a wide range of load currents.
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     4.3 Future works

Firstly, the future work is to make improvements in the band gap voltage generation circuit. The 

band gap circuit consumes a lot of power consumption. To make the band gap circuit for low 

power consumption is a challenging task. Secondly, making the layout of the circuit and test it 

for the power consumption.
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