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Abstract—A low drop out regulator (LDR) is implemented using a Sub 1 V Band Gap Reference (BGR) in standard 

180nm CMOS process. In low dropout regulators the unregulated output is very close to that of regulated one. In this sub 

1 V Band Gap Reference (BGR), the reference voltage is obtained by super imposing the Complementary to Absolute 

Temperature (CTAT) and Proportional to Absolute Temperature (PTAT) modules in current mode and little amount of 

current is superimposed through the circuit to nullify the Current Mirror variations in Reference Voltage. The 

Temperature Coefficient of the BGR is 10ppm/°C in the range of 0-100°C and the line regulation is 1.46mV/V for the 

supply variations of 0.8-1.8Vand PSRR is 45.8dB @1Hz.The output Voltage of the LDR is 0.7V for the Input Supply range 

0.8-1.8V. The drop out voltage is 0.1 V and the quiescent current is 19.6µA. 

 

 

Index Terms---Dropout Voltage, low voltage, low drop out regulator and Sub 1 V band gap reference. 
________________________________________________________________________________________________________ 

I. INTRODUCTION  

There is a huge demand for portable devices operated by battery in recent years. This led the desire for long battery life. To 

prolong the battery life there is a need for efficient power management circuits. These circuits must operate at low voltage and 

currents in order to maximize the battery life time. As the process technology is scaled down, the operating voltage of the devices 

is getting reduced. The Low dropout regulators find application in portable devices such as cell phones, laptops, tablet PC’s etc. 

which require low regulated voltage. 

 In low dropout regulators the unregulated output is very close to that of regulated one. The Major blocks of the low dropout 

Regulator are Band gap Voltage reference, Error amplifier, power transistor (pass element) and some feedback circuitry as shown 

in Fig. 1. The Reference Voltage for Low dropout regulator is given from Bandgap Voltage reference, which provides constant 

voltage independent of supply and temperature variations. The output Voltage of Conventional Band Gap Reference is greater 

than 1 V. But the portable devices require less than 1 V supply so Voltage reference which works under the supply of 1V is very 

much required in these days. 

Conventional Band Gap References are based on bipolar devices [1-2] and the output is also greater than 1V. Resistive 

Subdivision technique is proposed which works for the supply less than 1V [3]. Many other techniques have been proposed Such 

as Dynamic Threshold MOS (DTMOS) Technique [4], in which the material band gap is lowered by using electro static field and 

requires additional fabrication steps. A Band Gap Reference Circuit using transimpedance amplifier is proposed [5] it requires a 

supply voltage greater than 1 V. A Band Gap Reference using resistive divider technique is proposed [6] and it solved the limited 

input common mode range of operational amplifier. Band Gap Reference using body driven technique [8] is proposed it operates 

at low voltage without requiring low threshold voltage devices but it has MOS Transistor offset effect. A 1 V Band Gap 

Reference [9] is proposed in which one to one resistor matching is used for improved matching and has poor performance due to 

process variations. Curvature Compensation technique [10] is proposed the reference voltage obtained with very low sensitivity to 

temperature but there are some mismatches. In [12] the reference voltage is obtained by super imposing the Complementary to 

Absolute Temperature (CTAT) and Proportional to Absolute Temperature (PTAT) modules in current mode and has current 

mirror variations in the reference voltage. A MOSFET based LDR [14] is designed using series n-channel MOSFET and used 

conventional Band gap reference and consumes more power. In [15] LDR is designed in BCD technology for supply voltage 2 V 

to reduce the quiescent current. In an NMOS LDR based on the dynamic biasing technique [16] for driving gate of the pass 

transistor the regulated output is 1 V. In [17] a LDR with buffer added before the pass element in order to have a fast transient 

response. 

In this paper, a low dropout regulator using a Sub 1 V Band Gap Voltage Reference free of current mirror variations is 

designed in 180nm standard CMOS process with supply Voltage 0.8 V. The Section II of the paper deals with Sub 1 V Band Gap 

Reference and Low Dropout Regulator Circuits, Section III deals with Simulation Results and the Section IV deals with 

Conclusion and Future Scope of the paper.  
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Fig.1 Basic Block diagram of Low dropout regulator 

 

II. SUB 1 V BAND GAP REFERENCE AND LOW DROP OUT REGULATOR CIRCUIT 

In this paper, a low dropout regulator using a Sub 1 V Band Gap Voltage Reference is designed in 180nm standard CMOS 

process. In the Sub 1 V BGR little amount of current is superimposed through the circuit to nullify the Current Mirror variations 

in Reference Voltage with Supply Voltage. 

 

i. Sub 1 V Band gap reference circuit 

 
Fig. 2 Sub 1 V Band Gap Reference 

 

The Sub 1 V Band gap reference is shown in Fig.2. The pnp transistor Voltage is 0.6 V. The static input Voltage of 

operational amplifier is stabilized at 0.1 V by adjusting the resistors R1, R2. So the circuit operates normally even when the 

supply voltage is 0.9 V. The operational amplifier is used to make both potentials equal. The transistor PM1 and PM4 forms the 

current source and the bias voltage is given from the output Voltage of the operational amplifier. The PTAT current at the node 

near to R0 is mirrored using PM2 transistor which acts as a current source. The transistor NM6 is operated in linear region. For 

the transistor Q3 the constant current is supplied through PM3 transistor which acts as a current source with bias voltage as the 

operational amplifier output voltage and the CTAT current is obtained at the node. The PTAT and CTAT currents are translated 

into Voltages by using resistors R5 and R6 respectively and the reference Voltage is by adding the Voltages in series and the 

reference voltage obtained at the REF. From NM1 transistor some amount of current is super imposed to the PTAT current in 

order to reduce the current mirror variations in the reference voltage with the supply voltage.      

 

ii. 0.8 V Operational Amplifier 

The operational amplifier is shown in the Fig. 3. PMOS differential pair (PM0, PM1) is used and the PM2 and PM3 

transistors acts as current source load and the biasing is done by PM4 transistor. The NMOS current mirror is made of NM0 and  
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Fig. 3 0.8 V Operational Amplifier 

NM1 transistors, which makes the same current to flow in the both branches of the differential pair. The capacitance C0 is used to 

lower the gain of the op amp at high frequencies. The gain of the operational amplifier obtained is 52 dB for the supply voltage 

0.9 V and the static input voltage is 0.1 V.  

 

iii. Low Drop Out Regulator 

 

 

 
Fig. 4 Low Drop out Regulator 
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The circuit diagram of Low drop out regulator is shown in Fig. 4. The Major blocks of the low dropout Regulator are Sub 1 V 

Band gap Voltage reference, Error amplifier, power transistor (pass element) and some feedback circuitry. The Reference 

Obtained in Sub 1 V BGR is given to the LDR. In Error amplifier, the differential Pair (NM0, NM1) is used and the PMOS 

current mirror (PM1.PM0) is used and the NM2 transistor acts as a current source with reference Voltage as bias voltage. The 

output of the Error amplifier is connected to the PM2 transistor which acts as a Pass transistor. The resistors R0, R1 acts as the 

feedback Circuitry. The Error amplifier compares the reference voltage with the feedback voltage. If the feedback voltage is less 

than the reference Voltage the gate of the PM2 transistor is pulled lower thus it allows more current to pass through it and there 

by it increases the output voltage. If the feedback voltage is more than the reference Voltage the gate of the PM2 transistor is 

pulled higher thus it restricts the current to pass through it and there by it decreases the output voltage and there by the constant 

regulated voltage is obtained. 

III. SIMULATION RESULTS 

The Low drop out regulator circuit has been implemented using a Sub 1 V Band Gap Voltage Reference Circuit in Standard 

180 nm CMOS process. By the Simulation, the Temperature Coefficient of the proposed BGR is 10 ppm/°C in the range of 0-

100°C is shown in the Fig. 5. When the Supply Voltage is 0.9 V the PSRR of the BGR is 45.8 dB@1Hz, the simulation result is 

shown in Fig. 7. The Line Regulation of the BGR is 1.46mV/V in the range of 0.8-1.8V is shown in the Fig. 6. The Regulated 

Voltage for LDR is 0.7V in the Input Supply range 0.8-1.8V is shown in Fig. 8. The dropout voltage is 0.1 V and the quiescent 

current is 19.6µA. The Power dissipation of the Low drop out regulator including BGR is 0.2mW. Table I shows the comparison 

of parameters like minimum supply voltage, reference voltage, temperature coefficient, technology used etc. of various Band gap 

references. 

 

 
Fig. 5 Temperature Coefficient of Sub 1 V BGR 

 

 
Fig.6 Line regulation of Sub 1 V BGR 
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Fig.7 PSRR of Sub 1 V BGR 

 

 
Fig. 8 The output Voltages of Sub 1 V BGR and Low drop out Regulator 

 

Table 1 Comparison of Various parameters in    Band Gap References 

 

 

S.no Technique Technology Supply 

Voltage(V) 

Reference 

Voltage(V) 

Temperature 

Coefficient(ppm/°C) 

1 Switch Capacitor 

BGR[3] 

Standard Digital 

CMOS Process 

5 1.192 13.1 to 25.6 

2 BGR without using 

LTV Device[6] 

0.6µm CMOS 

Process 

0.98 0.603 15 

3 Body Driven 

Technique[8] 

0.6µm CMOS 

process 

0.8 0.592 33 

4 Resistor Matching[9] 0.5µm CMOS 

process 

0.95 0.631 17 

5 Curvature 

Compensation[10] 

0.25µm CMOS 

process 

0.9 0.536 19.5 

6 Adjusting Resistor 

Ratio[12] 

0.18µm CMOS 

process 

0.8 0.623 25 

7 Current Super 

imposing(This paper) 

0.18µm CMOS 

process 

0.8 0.575 10 
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IV. CONCLUSION & FUTURE SCOPE 

A low drop out regulator circuit using sub 1 V Band gap reference circuit is presented in this paper. The circuit is implemented 

in a standard 180nm CMOS process. The circuit decreases the Working Voltage for Operational Amplifier, Band Gap Reference 

Circuit and the low drop out Regulator and the BGR exhibits a temperature coefficient of 10 ppm/°C in the range of 0-100°C. The 

Variation range of the reference Voltage is 575.057mV to 573.578mv in the range of 0.8-1.8V, the line regulation of the circuit is 

1.46mV/V. The PSRR of the BGR is 45.8dB @1Hz. The Regulated Voltage of the low dropout regulator is 0.7V in the supply 

voltage range 0.8-1.8V. The dropout voltage is 0.1 V and the quiescent current is 19.6µA. The Power dissipation of the Low drop 

out regulator including BGR is 0.2mW. The Sub 1 V Band gap reference is free of Current Mirror Variations and the Temperature 

coefficient is also improved. Therefore, the Sub 1 V BGR designed is suitable for generating reference voltage for mixed signal 

systems and the LDR circuit is suitable as regulator for Analog and Mixed Signal Systems. The LDR Circuit can be made 

capacitor less LDR so that the transient response can be improved. 
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