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Abstract

Background: The voltage reference circuits are mainly used in the portable devices like mobiles, laptops for the long
battery runtime. Due to this voltage reference circuits the circuit can be operated in the very low supply voltage because of
this the power consumption of the circuit can be reduced. Method Adopted: In this paper the low power Complementary
Metal-Oxide-Semiconductor (CMOS) voltage has been designed by using the conventional charge pump and to achieve the
better low power consumption voltage reference circuits and high constant voltage reference different types of charge
pumps like Dickson charge pump and the Static Charge Transfer Switch (CTS) charge pump has been replaced in the place
of the conventional charge pump. The conventional CMOS volatge reference circuit has the power consumption of 1.007yW
and the constant voltage reference of 210mV. Findings: By using the Dickson charge pump the power consumption has
been reduced to 1.389uW and the constant voltage reference has been icreased to 231mV. Similarly by using by using the
Static (CTS) charge pump the power consumption has been reduced to 0.803uW and the constant voltage reference has
beenicreased to 229.03mV compared to the reference voltage circuit using the conventional charge pump. Improvements:
The CMOS voltage reference circuit has been designed by using the two types of the charge pump Dickson charge pump and
the Static CTS charge pump and all the power consumption and the constant voltage reference circuits has been compared.

Keywords: Charge Pump, Constant Voltage Reference (V ), Dickson Charge Pump, Static (CTS) Charge Pump, Power
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Charge pump is an electronic device that changes the

1. Introduction

The voltage reference circuit is a simple device having the
one simple functionality that is it generates the exact out-
put voltage without depending on the factors like input
supply voltage, load current, and the temperature change.
The voltage reference provides the recommended output
voltage which is needed by the circuit for its required
measurements’. The main applications of the voltage
reference circuits are used in the Analog to digital con-
verters, servo systems, smart sensors and the portable
devices battery systems for the long runtime of the bat-
tery. The main block of the voltage reference circuit is the
charge pump'.

*Author for correspondence

input supply voltage V,, to the D.C output voltage V_ .
It is basically a D.C to D.C converter. The charge pump
takes the input as the power supply which is V,, and
gives the output as V, which is much superior than the
input supply voltage V, 2. The output voltage of the charge
pump is always higher than the input supply voltage. .
In traditional D.C to D.C converters uses the inductors
where as the charge pump circuit consists of capacitors,
switches and diodes which and fabricated on the silicon
wafer. The charge pump is basically used in the smart I.C’s
and gradually scaling down or reducing the input power
supply of the I.C’s. the charge pump are also used in the
integrated circuits like voltage regulators, operational
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amplifiers, LCD drivers, antennas etc to reduce the power
supply voltage®.

2. Experimental Work

The CMOS voltage reference circuits mainly consists of
the charge pump, control unit, comparator. The main
aim of the charge pump is to adjust the gate voltages with
respect to the comparator output the comparator output
is given as the input to the charge pump circuit*.

In this section the CMOS voltage reference circuit has
been designed by using three different charge pump cir-
cuits they are:

1. CMOS Voltage reference circuit using conventional
charge pump.

2. CMOS Voltage reference circuit using dickson charge
pump.

3. CMOS Voltage reference circuit using static (CTS)
charge pump.

1. CMOS Voltage reference circuit using conventional
charge pump: The CMOS voltage reference circuit has
been designed by the conventional charge pump as shown
in the figurel.

Figure 1. Schematic of conventional charge pump.

By using this conventional charge pump in the CMOS
voltage reference circuit the parameters like power con-
sumption and the Constant voltage reference(V ) has
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been improved and the schematic of the CMOS voltage
reference circuit using conventional charge pump[9] is
shown in the Figure 2:

Figure 2. Schematic of CMOS voltage reference circuit
using conventional charge pump.

By using this voltage reference circuit using conven-
tional charge pump the power consumption of 1.007uW
and the constant voltage reference of 210mV. The final
output of the CMOS voltage reference circuit using con-
ventional charge pump is shown in the Figure 3.

1768,

Figure3. Output waveform of the CMOS voltage reference
circuit.
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2. CMOS Voltage reference circuit using Dickson charge
pump: The CMOS voltage reference circuit has been
designed by the Dickson charge pump. The schematic of
the Dickson charge pump is shown in the Figure 4.

Figure 4. Schematic of Dickson charge pump.

By using this Dickson charge pump in the CMOS
voltage reference circuit the parameters like power con-
sumption has been slightly increased and the Constant
voltage reference(V_) has been improved compared to the
CMOS voltage reference circuit using conventional charge
pump’®. The schematic of the CMOS voltage reference cir-
cuit using Dickson charge pump is shown in the Figure 5:

Figure 5. Schematic of CMOS voltage reference circuit
using Dickson charge pump.
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By using this voltage reference circuit using
dickson charge pump the power consumption of
1.389uW and the constant voltage reference of
231mV. The final output of the CMOS voltage ref-
erence circuit using dickson charge pump is shown
in the Figure 6.

0 1 1 j { § f 7
time (1)

Figure 6. Output waveform of the CMOS voltage reference
circuit using Dickson charge pump.

3. CMOS Voltage reference circuit using Static CTS
charge pump: The CMOS voltage reference circuit
has been designed by the Static CTS charge pump.
This static CTS charge pump consists of the switches
which is useful to increase the voltage boosting. This
charge pump can operate at very low input supply
voltage'. This Static CTS charge pump is made up
of the NMOS switches with ON/OFF characteristics
The Static CTS charge pump which is made up of
the MOS switches and can operate at very low input
supply voltage. The power consumption of the volt-
age reference circuit using Static CTS charge pump
is very less compared to all the designed voltage ref-
erence circuits'®.

The schematic of the Static CTS charge pump is shown
in the Figure 7.
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Figure 7. Schematic of the Static (CTS) charge pump.

By using the Static CTS charge pump the power con-
sumption is very less compared to all the designed voltage
reference circuits. The power consumption of this volt-
age reference circuit using Static CTS charge pump is
803.1nW.The schematic of the voltage reference circuit
using Static CTS charge pump is shown in Figure 8.

Figure 8. Schematic of CMOS voltage reference circuit
using Static CTS charge pump.

By using this voltage reference circuit using Static CTS
charge pump the power consumption of 0.803uW which
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is very less compared to all the three designs and the con-
stant voltage reference of 229.3mV. The final output of the
CMOS voltage reference circuit using Static CTS charge
pump is shown in the Figure 9.

1 1 3 4 § 1 ]
tine 5,

Figure9. Output waveform of the CMOS voltage reference
circuit using Static CTS charge pump.

3. Results and Comparison

In the CMOS voltage reference circuit there are two major
parameters such as power consumption and the constant
voltage reference (V_;). The power consumption of the
voltage reference circuit must be less whereas the con-
stant voltage reference (V) should be high.

The comparison of the parameters to all the three
types of voltage reference circuits are tabulated in the
Table 1.

Table 1. Comparison table of different parameters.

Type of voltage Power Constant voltage
reference circuit Consumption(uW) | reference(V, )
Using conventional 1.007 210
charge pump

Using Dickson 1.389 231

charge pump

Using Static CTS 0.803 229.3
charge pump
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From the above table the power consumption is very
much less i.e 0.803uW in the CMOS voltage reference cir-
cuit using Static CTS charge pump compared to the other
two remainig voltage reference circuits and the constant
voltage reference (V) is high i.e231mV in the CMOS
voltage reference circuit using Dickson charge pump.

4. Conclusion

The design of the three different CMOS voltage reference
circuits has been designed using three different charges
pumps. The proposed design of the voltage reference
using CMOS technology with the combination of the
comparator, conventional charge pump, and the control
unit by using the bulk driven technique and by making
all the transistors to work in the sub-threshold region has
been designed successfully with the constant reference
voltage V._.of 210 mV and with the power consumption of
1.007uW. The same design of the CMOS voltage reference
circuit by changing the Charge pump with the Dickson
charge pump the constant reference voltage V_.0of 231 mV
and with the power consumption of 1.389uW and further
decreasing of the power consumption the charge pump
has been replaced by Static CTS charge pump giving the
constant reference voltage V_.of 229.3 mV and with the
power consumption of 0.803uW which is very much less
than all the voltage reference circuits designed.
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