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Abstract

DC-DC converters are one of the main component of a power management unit. Their main role is to provide a
constant, smooth output voltage to power the electronic devices. Switching mode DC-DC converters are critical
building blocks in portable devices such as mobile phones, laptop, etc and hence their efficiency and power are
a important issue. This paper describes design techniques to maximize the efficiency of switched-capacitor (SC)
DC-DC converters. The measured performance of switched capacitor converter implemented on tanner EDA
tool at 45 nm and 90nm CMOS technology with 2V input voltage to support efficiency 94-95%
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1. Introduction

Due to coming of the mobile-commerce generation, various portable electronic equipments have been produced
and easily available, including PDA, notebook, cellular phone, digital camera, pager, e-book, etc. Such products
emphasize to keep the excellent characteristics as in the following, for examples mobile convenience, integrated
communication function, small volume, light weight, and long time high efficiency power supply. In recent years,
especially for the last one of these characteristics, the portable communication systems always ask for a new DC-
DC power module with more functions, including small volume, light weight, high power density and great
efficiency, and good regulation capability, because that is one of the most important key to determine the
continuous available time, reliable capability, and life time limit of the portable products. This power module is
the type of converter which converts an unregulated dc voltage input and outputs a constant or regulated voltage.
The regulators can be mainly classified into linear and switching regulators. All regulators have a power transfer
stage and a control circuitry to sense the output voltage and adjust the power transfer stage to maintain the
constant output voltage. A DC-DC converter is a device that accepts a DC input voltage and produces a DC
output voltage Therefore the use of switched capacitor(SC) DC-DC converter is suggested, because these
converter require capacitor-switching technique for developing low-power converters. Since such SC converters
do not require any magnetic elements, for examples inductor and transformer, possibility of integrated circuit
fabrication is not only pretty promising but also overcoming classical converter limitations on the physical sizes
of the magnetic devices. The function of DC-DC converter is to Convert a DC input voltage Vs into a DC output
voltage Vo, Regulate the DC output voltage against load and line variations, Reduce the AC voltage ripple on the
DC output voltage below the required level, Provide isolation between the input source and the load, Protect the
supplied system and the input source from electromagnetic interference.

2.2:1 SWITCHED CAPACITOR CONVERTER

In this section we will analysis the operation of 2:1 switched capacitor DC-DC converter and the loss mechanism.

2.1 Operation of switched capacitor converter

In order to clarify the key loss mechanisms that will set the trade-off between converter efficiency and power
density we will begin by examining the basic operation of the SC step-down converter shown in Figl. Switched-
capacitor(SC) DC-DC converters typically operate in two phases ¢; and ¢, . During phase @, , the capacitor Cr
is connected between the input node Vi and the output node Vo. The charge which is drawn from Vi though
charges this capacitor up and flows towards the load. Now during phase ¢, , is connected between Vo and GND,
and thus the charge previously stored on the capacitor Cr is transferred to the output. In practice, SC converters
always have some load attached with them. Moreover, switch on-resistance R, is not negligible. Due to these
load and switch on-resistance, output voltage V| of the SC converter drops below the no-load output voltage V.
The difference between the Vi and V| is known as dropout voltage and is given by AV= V.- VL. It has been
observed that V| is mainly dependent on output current, switching frequency, and the charge transfer capacitor's
value. The value of V| is important in determining the efficiency related with the SC converter given by
n=V/Va (D
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Figure 1. Basic operation of SC DC-DC Converter

2.2 Loss mechanism

Various loss mechanism exist in SC converters due to which power efficiency of SC is greatly suffered. This
section analysis the important losses of SC converter.

2.2.1 Conduction loss

The charging and discharging of the flying capacitor C; through Req is a lossy operation that results in
conduction losses, which are included in the output current analysis. Due to current balance of the flying
capacitor, the output current is Iout = 2lin, and the resulting converter efficiency becomes
1’].=2\/0ut/ Vin (2)

equation 2,shows that the efficiency when including conduction losses. In the no-loaded case, i.e. lout = OA, the
output voltage is half the input voltage[1], however, the output voltage is less than half the input voltage when
loaded due to conduction losses. Hence the output voltage specification directly determines the conduction
losses.

2.2.2 Switching loss

In SC converters, parasitic capacitances exist from the bottom plate of the charge transfer capacitors to ground.
The bottom plate capacitance can be up to 5-20% of the total charge-transfer capacitance and constitute a
major role in SC circuits transfer functions. In gate-oxide implementation of capacitors with N-well as a bottom
plate , the parasitic arise due to reverse-biased diode capacitance of N-well ,p-substrate junction.

2.2.3 Gate drive Loss
When a transistor is switched on in SC converters, parasitic capacitance associated with the transistor switches
get abruptly discharged to zero[2]. Power consumed in this process is given by

Py, =fo £ Cyiosi: VY ?3)
where Cyos represents any of the MOS transistor capacitance, while V; represents the maximum voltage swing
across these capacitors. Increasing the width of the transistor is associated with bigger transistor parasitic
capacitances and will eventually increases the gate drive loss. On the other hand, bigger transistor width results in
smaller Roy , which will decrease the conduction loss. Hence, there is an optimum width of the transistor at
which efficiency is maximum.

3. SC CONVERTER CIRCUIT DESIGN

This section discusses the implementation of the 2:1 SC converter integrated in a 45nm and 90nm technology.
In this work the demonstration of high efficiency voltage conversion is done by using the circuit shown in fig-2.
In 2:1 conversion the output voltage is lower than the input voltage. . In a step-down converter which are
intended to generate output voltages near the nominal process voltage, then the breakdown voltage of these
switches will most likely to be smaller than the input voltage Vgar, and therefore appropriate switch driving
strategies are needed. Therefore a differential ring oscillator is used to meet the requirement of clock generation.
The output of ring oscillator is used to drive two different phases of SC converter topologies. The output of ring
oscillator is applied to AND gate with enable. here AND gate is designed because it provides buffering to the
clock generator and clock produce with sharper edges, it also provides additional control from outside for
enabling/disabling the clock generator .Some transistor in SC stage require different clock voltage to operate .
This poses the requirement of level shifter[3] which can shift the voltage level of V.. to GND. here V. is the
optimum value of gate to source voltages at which the efficiency is higher. This circuit for both topologies is
simulated for current and power dissipation for different values of frequency on different technologies such as
45nm and 90nm. Simulated figures are depicted from fig2 to fig3. Here it is shown that 2:1 topology gives
better efficient result on 90nm technology i.e. 95% at 2v supply on 90nm technology and 94% on 45nm
technology. Summary of work is shown in table-1.
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Figure 2. Converter power switch control circuit with 2:1 topology
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Figure 3. (a)Power v/s frequency (b) Output Voltage V/s Frequency (c)Efficiency v/s Frequency on 45nm
technology for 2:1 topology
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Figure 4. (a)Power v/s frequency (b) Output Voltage V/s Frequency (c)Efficiency v/s Frequency on 90nm

technology for 2:1 topolog.

Table 1. Summary of the 2:1 Converter

Topology 2:1

Process 45nm Tanner Tool 90nm Tanner Tool
Input Voltage 2v 2v

Output Voltage 0.974v 0.982v
Power 94.2uW 49.5uW
Frequency 35MHz 35MHz
Efficiency 94% 95%

4. Comparison and Result

In Table.2, the results presented in this paper are compared to previously published results on SC converters
focusing on efficiency. This work is implemented on 90nm and 45nm Technology on Tanner EDA Tool and it
gives 95% efficiency at low power for 2:1 topology on 90nm .Therefore 2:1 converter gives better efficient

results on 90nm technology at low power.

5.Conclusion

In this paper 2:1topology is simulated on 90nm and 45nm technology on Tanner EDA Tool. This work shows the
better efficient result on 90nm technology for 2:1 topology when input voltage is 2V at 35MHz frequency which
results in 0.98V output voltage, 49.5uW power and 95% efficiency.

Table 2. Comparison of the work presented in this paper to previously published work
Reference [4] [5] [This work] [This work]
Technology 45nm SOI 90nm BULK 45nm Tanner EDA 90nm Tanner EDA

Generic Generic
Topology 2:1 2:1 2:1 2:1
Input Voltage 2V 2.4V 2V 2V
Output Voltage 0.95v 1V 0.974V 0.982v
Power 2.6mV 1650mW 94.2uW 49.5uW
Frequency 100MHz N/A 35MHz 35MHz
Efficiency 90% 69% 94% 95%
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